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Abstract:
Introduction/purpose: The aim of the paper is to prove the existence of
solutions for a special case of the sixth-order boundary value problem.

Methods: The Leray-Schauder fixed point theorem is used in order to
determine lower and upper bound solutions.

Results: Lower and upper bound solutions have been found.
Conclusions: The sixth-order boundary value problem admits solutions.
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Introduction

Many modern mathematical studies are based on modeling phenom-
ena in various applied branches, and simulating the results. Often, it is
important to evaluate the obtained results at least with approximate so-
lutions. One of these cases concerns BVPs related to sixth-degree dif-
ferential equations derived mostly from physical phenomena and applied
mathematics.

Some authors have addressed the problem of obtaining positive solu-
tions to a sixth-degree BVP by employing multiple methods, such as the
spectral operator theory, the general bifurcation theorem, the minimization
theorem, and the fixed point theory in the cone, see references (Moéller &
Zinsou, 2013; Tersian & Chaparova, 2002; Li, 2012; Agarwal et al., 2013;
Jietal., 2012; Kovacs & Guedda, 2014; Zhang & An, 2010; Mirzaei, 2016;
Yang, 2019). Not a long time ago, the authors of this paper analyzed sixth-
order BVPs with different boundary conditions at two points (Bekri & Be-
naicha, 2018, 2020). In 2018, see reference (Bekri & Benaicha, 2018), the
same authors formed the conditions for finding the existence of solutions
for a sixth-degree BVP:

() + 5 (2,6(),€'() =0, 0<e<T,

£(0) = w0 = £'0) = 0,
€'(1) = €W (1) =€9(1) =0,

where i € C([0,1] x R?). Suitable operators are employed in the proof
of the nonlinear Leray-Schauder alternative. Also, in 2020, (Bekri & Be-
naicha, 2020), created all the necessary factors to prove the existence of
non-negative solutions for a BVP of the sixth-order

—£O () + 2(e)h (e,€(2), € (), €7 (), €7 (€), €W (e), 6P (e)) = 0,
0<e<,
£0)=€¢01)=¢ (0) =0,
(1) =€eW(0) =0 (1) =
where 1 € C([0,1] x [0, +00) X [0,+oo) X (—00,0] x (—00,0] x [0, +00) %
[0,400) — [0,400)). The authors focused on the fixed point theorem
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of Leray-Schauder and on a nonlinear version of the theorems of Leray-
Schauder type. For more examples, see (Chabanea et al., 2022; Fabiano
& Parvaneh, 2021; Samei et al., 2021b; Fabiano et al., 2020; Samei et al.,
2021a; Boutiara et al., 2021; Santra et al., 2023; Houas & Samei, 2023;
Hammad et al., 2022; Amiri & Samei, 2022; Boutiara et al., 2023).

This work demonstrates the existence of a solution for sixth-degree six-
point BVPs

—£O (&) + 1 (c,6(e),B) () =0, O<e<1,
£(0) = €£'(0) =¢€"(0) =0, (1)
£'(1) =eW(1) =¢B0) =0,

where i € C([0,1] x R?), and

—£O)(e) + h(e,£(e),€ (6),6P)(e)) =0, 0<e<1,

£(0)=¢€(0)=¢£"(0) =0, (2)
€' (1) =€W1) =¢P(0) =0,

where h € C([0, 1] x R3).

This article is structured as follows. The section on the basic concepts
reviews the definition and three lemmas to realize the analysis. Then, the
part on the main results presents some desired results because there are
solutions for two nonlinear sixth-order BVPs. The methodology used here
is based on the Schauder fixed point theorem and the lower and upper
solution method by creating the aforementioned estimates. The fourth, final
part, Application, offers a few similar examples to demonstrate the findings.

Basic concepts

Within this section, a BVP (1) with the condition 2 € C(]0,1] x R% R),
and A = C9)0,1] is put forward. Some lemmas that define the role of the
nonlinear term are summarized and lower or upper solutions are generated.

DEFINITION 1. Assume (,n € C?[0,1] N A lower and upper solution of
the BVP (1), respectively, if for0 < e < 1,

—¢Oe) + he, ¢(e), P (e)) > 0,
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n(0) =n'(0)=7"(0)=n"(1) =gW1)=0, 1®0)<o0.

LEMMA 1. Let it be k € C([0,1]). So the five-point BVP

"

E0)=¢€(0)=¢"(0)=0, €'(1)=£W)=0,

is simulated by the integral equation

{ £0)(e) = k(e), 0<e<l,

1
€)= | ok
where x : [0,1] x [0,1] — [0, +00) is the Green’s function defined by

1 [ o—e), 0<e<op<l,

x(e,0) = = 4)
) 24{92(Q2+6€2—4EQ)7 0<p<e<l.

Define the integral operator P : A — A by

€ 1
PEe) = 54 /0 0% (0% + 66 — 4eg) k(o) do + o / e’(40 — )k(0) do.

According to Lemma 1, if the operator P admits a fixed point in A, it im-
plies that the BVP (1) has a solution. Thus, one found a fixed point of P
in A. Using the theorem of Ascoli-Arzela, one checks that P is an oper-
ator which is completely continuous. Therefore, a nonlinear alternative of
Leray-Schauder is given.

LEMMA 2. (Deimling, 1985) Let A be a Banach space of and ¥ be a subset
that is open and bounded of A, 0 € V. Let P : U — A be a completely
continuous operator. Therefore, either

(Y3 &£ €0V and v > 1 in which P(§) = v¢, or

(ii) 3 ¢* a fixed point such that ¢* € .

LEMMA 3. By x(¢, o) given by (4), the following holds

(¢,0)
(0,0)

>

(J1)

<1 for e,0€(0,1),

=
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(¢,0)
x(o, 0)

>

(J2) >V >0 for gp0€(0,1),

1
(J3) €=/ x(0, 0)odo, such that ¢ > 0.
0

Main results

This section introduces some concepts in the form of lemmas indicating
some bounds on the nonlinear term and the construction of lower or upper
solutions. Consider that 71 € C([0,1] x R?), and h € C([0,1] x R3).

LEMMA 4. Let there be a real @ > 0 in which
he,p,v) <w, for 0<e<1, swV<pu<sw, —-w<rv<0,
so the BVP (1) admits an upper solution.

Proof. We put X(e) = £0)(¢), so problem (1) is parallel to the equivalent
problem
{ Y (e) = h(e, (98)(e),2(e)), 0<e<1, (5)
$(0) = 0,

where (9X)(e) = fol x(e,0)3(0) do and x(e, o) is given by (4). It is obvious
that the bound on 7 ensures that =(¢) = we realizes the inequality

='(e) — h(e, (VE)(e),9(e)) >0, 0<e<1,
{ =(0) > 0. (©)

From this, it holds that n(c) = (9=)(¢) is an upper solution of the BVP (1).
]

LEMMA 5. Let there be a real number k < 0 such that
he,p,v) >k, for 0<e<1l, ¢c<pu<ckrV, 0<v<-—k,

so the BVP (1) has a lower solution.
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Proof. Suppose that I'(¢) = ke. Then, it is obvious that the bound on #
ensures that I'(¢) = ke provides

{ I'(e) — h(e, (W) (e),T()) <0, 0<e<1, @
T'(0) < 0,

this inequality proves that ((¢) = (JT")(¢) is a lower solution of the BVP (1).
O

COROLLARY 1. The upper solution n(e) and the lower solution ((¢) of the
BVP (1) can be written in a simple manner:

w g Wy

THEOREM 1. Let there be two real numbers w > 0 > k, w > |k| such that

Sla CWV§M§§W» _w§y<07 (8)

(e, p,v) < @, 0<
0 , k< pu<grV, 0<v<-—-k (9

FL(E,H, V) 2 K,

If h(e, p, v) is nondecreasing in 1, so the BVP (1) admits a solution (<) for
which

((e) <€(e) <nle), ¢(Pe)<eB®(e)<n®(e), ee€lo,1],

where
1 1
() =r [ eoode we)=w [ reoede =k

Proof. According to formulas (8) and (9), Lemmas 4 and 5 together pro-
duce the result that the BVP (1) accepts an upper solution n(¢) and a lower
solution ¢(¢). Define I' = ¢©®, = = ), therefore I'(¢) = v < w = Z.
In another way, @ > 0 > & implies ¢(®)(e) < 5®)(e). This implies
that x(e, ) > 0 and, depending on the boundary condition, {(¢) < n(e),
for 0 < ¢ < 1. Now, introduce the following operators A, ©, where
A :domA = { € C'(0,1) N C[0,1] — C[0,1] : £(0) = 0} is a derivative
operator such that (AX)(e) = ¥'(¢), ¢ € (0,1), and © : C[0,1] — C[0,1] is
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a continuous operator for which
AY = 0%, ¥ € dom(A), (10)

where O is given by

(OX)(e)=h (6,19 (min {E, max { ¥, F}}) min {u, max {3, F}}) (11)

This shows that if ¥* is a solution of (10), then I'(e) < ¥*(e) < E(e),
e € [0, 1]. Therefore, ¥*(¢) is a solution of (7). In addition £*(¢) = (19 “)(e)
is a solution of the BVP (1) realizing {(¢) < £*(g) < n(e). If T'(e) > X*(¢),
there exists £; € [0, 1] suchthatT'(s;) > X*(e1). Also, ¥*(0) = 0 = ¢®)(0) =
I'(0) = 0, as ¥* and I' are continuous, so we have an interval (e2,e3) in
which I'(e3) = ¥*(e2) and I'(e) > X*(e), for ¢ € (e2,e3). Then, for ¢ €
g2, €3],

(BX")(e)=h (5,19 (min {E, max{Z*,F}}) , min {E, max {Z*,I‘}})

=h (6,19 (min {E, max{Z*,F}}) ,F) )

There exists Y(¢) = ¥*(¢) — I'(¢), h and ¢ are monotonic, and one has

’

U'E)=¢9) <h(20@).¢P) =h(EI0E)IE), €01,

> =h (5,19 (min {E,max {Z*,F}}) ,qﬁ) ,

s0 Y'(¢) > 0, ¢ € [e2,e3). Consequently, T(e2) = 0 implies Y(¢) > 0,
€ € [e2,e3]. From the relation I'() < ¥*(¢), € € [e2,¢e3]. This contradicts the
given hypothesis. So, I'(¢) < ¥*(¢), € € [0,1]. The proof of Z(¢) > X*(e),
e € [0,1], is analogous to I'(e) < ¥*(¢).

One will now introduce 2 : C[0, 1] — [0, 1], given by

(O)(e) = /0 O o) e, ce 0,1

It is obvious that the operator is continuous and a fixed point of Q2 is a
solution of the BVP (10). Let there be aset VU, = {p € C[0,1] : ||p]] <
w}, and is easy to observe that Z,I' € U,. Now, one demonstrates that
Q: ¥, — U, is a completely continuous operator. By formula (9), one

553

Bekri, Z. et al, Confining a non-negative solution between a lower and upper solution for a sixth-degree boundary value problem, pp.547-562



@ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 2

obtains

(OD)(e) - (@) (0)] = <wle— -

/O COx)(r)dr

Thatis, {2(¥)} is bounded uniformly and equi-continuous. According
to the theorem of Arzela-Ascoli, it is affirmed that Q2 : ¥, — ¥, is a com-
pletely continuous operator, and the Schauder fixed point theorem ensures
that Q admits a fixed point ¥* € ¥ . Hence,

1
£(e) = /0 x(5,0)5*(0) do.

is a solution of problem (1) such that ¢(¢) < &(g) < n(e), ¢®)(e) < €B)(e) <
n®)(e), e € 0,1]. O

Now, let us consider problem (2). Suppose that i1 € C([0,1] x R?) is a
continuous function. Itis possible to obtain lemmas analogue to Lemmas 4
and 5. This is evident by observing that the equation of problem (2) is
parallel to

{ ¥ (e) = hi(e, (98)(e), (TIX)(e), X(e)), 0<e <1,
2(0) = 0,

where
1 1
02O = [ (ot @D = [ S de

LEMMA 6. Let there be a real number o > 0 such that

e, p,v,7) <w, for0 <e <1, %,QV €0,w], 7€[-w,0].
So the BVP (2) accepts an upper solution.
LEMMA 7. Let there be a real number . < 0 such that

he,pv,7) >k, for0<e <1, pé€l[sk,0], 2u,7€]0,—kK]
So the BVP (2) admits a lower solution.

In an analogous fashion, we can write the same proof for Lemmas 6
and 7 in the same way, as formulated in Lemmas 4 and 5. The similarity in
Theorem 1 allows obtaining the following results of problem (2).
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THEOREM 2. Let there be two real numbers w > 0 > k, w > |k| such that

(e, p,v,7) < w, 0<e<l, & 2vel0,w], 7€ [-w,0], (12)
e, p,v,7) > K, 0<e<1,puc€ sk 0], 2v,7 €0, —K]. (13)

If h(e, u, v, T) is nondecreasing in each p and v, then problem (2) admits a
solution £(e) such that

() <éle) <mle), (Pe) <€P(e) <nP(e),  eco,1],

where
1 1
C(e) = K/o x(e;0)odo,  n(e) :w/o x(e,0)0do, <=3

Application

Some examples are given in order to illustrate the results obtained
above.

ExAMPLE 1. Extrapolate the following application of the BVP

[5+cos§ 5(5)(5)] =0, O<e<1,

g,) <> £'(0) =0, (14)
£ < 00) = £910) =0

There is h(e, p, v) = 4% [e + cos 4 v]. Itis not difficult to verify that the
values of w = 24, k = 0 meet conditions (8) and (9), respectively; hence,

1
(e)=0, ) =24 /0 x(&: o) de,

represented by the lower and upper solutions of (14). According to Theo-
rem 1, problem (14) admits a positive solution ¢* such that

1
0<&(e) < 24/0 x(g, 0)odo.

Figure (1) shows the search for a result of the comparison of the nu-
merical solution to (14) and its estimate given by the Green’s function.
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Figure 1 — The lower plot is the numerical solution of (14), multiplied by a large
coefficient 4 x 10% for comparison purposes, while the upper plot is the estimate
of the above, given by the Green’s function. Observe how the two curves present
the same behavior as functions of .

EXAMPLE 2. Extrapolate the following application of the BVP

—¢0) 4+ L le +siné (¢) + cos (5,(5))4 + 5(5)(5)} =0, 0<e<],

£(0) =€(0) =€7(0) =0,
§'(1)=¢W1) =) =0.
(15)
Thereis h(e, p, v, 7) = %[5+Sinu+cos(u)4 +7]. Itis not difficult to verify
that the values w = 25, x = 0 meet conditions (12) and (13), respectively;
hence,

() =0, ne)=25 /0 x(&: e)ede,

are the lower and upper solutions of (15). According to Theorem 2, prob-
lem (15) admits a positive solution £* such that

1
0<&(e) < 25/0 x(g, 0)odo.

Figure (2) shows the desired result of the comparison of the numerical
solution to (15) and its estimate given by the Green’s function.
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Figure 2 — The lower plot is the numerical solution of (15), multiplied by a large
coefficient 4 x 103 for comparison purposes, while the upper plot is the estimate
of the above, given by the Green’s function. Observe how the two curves present
the same behavior as functions of .
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TIPO DE ARTICULO: articulo cientifico original
Resumen:

Introduccién/objetivo: EI objetivo del articulo es demostrar la
existencia de soluciones para un caso especial del problema del
valor limite de sexto orden.

Métodos: El teorema del punto fijo de Leray-Schauder se utiliza
para determinar las soluciones de limite superior.

Resultados: Se han encontrado soluciones de limite inferior y
superior.

Conclusion: El problema del valor limite de sexto orden admite
soluciones.

Palabras claves: alternativa no lineal de Leray-Schauder, fun-
cién de Green, teorema del punto fijo, soluciones inferior y su-
perior, problema de valor limite.

OrpaHquHme HeoTpuuaTeribHOro peweHna mexay HWXH1UM 1
BEPXHUM peLlleHNAMN B KpaeBbIX 3adavax LWecToro nopaaka

3yayu Bekpu?, Hukona ®abuaHo®,
Moxammad Vicmasanbe Camen®, CmosH PageHoBuy"

2 YuueepcuteT OpaHa 1, lTaGopaTtopusa doyHaaMeHTanbHom u
npvknagHon matematuku, r. OpaH; YHUBepcuTeTckuin LeHTp Hyp
Bawwp Onb-basg, NHCTUTYT ecTecTBEeHHbIX HayK, dhakynsTeT
€CTeCTBEHHbIX HayK 1 TexHonorun, r. Anb-basg; Amxknpckas
HapogHo-[emokpaTtuyeckasa Pecnybnuka,

6 Benrpagckuin yHusepcutet, IHCTUTYT agepHbIX nccrnegosaHui
«BuHuya» - MHCTUTYT rocygapctBeHHOro 3HaveHus ansa Pecnybnvkn
Cepbus, . benrpag, Pecnybnuka Cepbusi, KoppecnoHaeHT

® YHuBepcuteT By-Anu CuHa, akynsTeT doyHAaMeHTarnbHbIX Hayk,
MaTeMaTnyecknii akyneTeT,
r. XamagaH, Ncnamckas Pecny6nuka MpaH

" Benrpaackuin yHMBepcuTeT, chakynsTeT MalMHOCTPOEHNS,
r. benrpag, Pecnybnuka Cepbus
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Pesrome:

BsedeHue/uenb: [Jokasamenbcmeo cyu,ecmeosaHusi peueHus
4YacmHoe0 crlyqas Kpaesou 3adaqu wecmozo ropsioka.

MemoOdki: Teopema Jlepe-Lllaydepa o Hernod8uUXxHOU MoYKe uc-
ronb3yemcs 8 ornipederieHuUU HUXHeU U 8epxHel epaHuUubl peuwle-
Husi 3adayu.

Pesynbmamei: B xode uccriedosaHusi bbiiiu HallOeHbl peuweHUs
HWKHeU u eepxHel epaHuypbl.

BbigoObi: Kpaeesasi 3a0aqya wiecmoeo riopsioka ooryckaem pe-
WEHUS.

Knrouesbie criosa: HenuHelHas anbmepHamusea Jlepe-
Ulaydepa, pyHkyusi puHa, meopema 0 HEMOOBLXKHOU MOYKe,
HUXHUE U 8epxHUe pelleHusi, Kpaegas 3adaya.

OrpaHnyaBane HeHeraTMBHOT pellera uamehy gower u
ropH-€er peLlera 3a LWecTn cTeneH npobnema rpaHuyYHUX
BPEAHOCTU
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Caxemak:

Yeo0d/uurb: [Jokasuear-e rnocmojarba pewera 3a rnocebaH criy-
Yaj epaHu4yHoz npobnema wecmoe peda.

Memode: Jlepaj-Lllaydeposa meopema 0 hUKCHOj mMayku Kopu-
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Pesynmamu: lNpoHaheHa cy pewera 0oHe U 20pH-e 2paHule.
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Abstract:

Introduction/purpose: The paper presents a novel approach to certain
well-established fixed point theorems for multivalued probabilistic con-
tractions in b-Menger spaces, leveraging the boundedness of the orbits.
The aim was to generalize and enhance the results previously derived
by Fang and HadZzic.

Methods: The boundedness of orbits in b-Menger spaces is used to es-
tablish their approach for multivalued probabilistic contractions.

Results: The findings of the study not only generalized the existing fixed
point theorems but also enhanced them significantly. The effectiveness
of the approach in extending the results originally proposed by Fang and
Hadzi¢ was showcased. Moreover, the applicability of the coincidence
fixed point theorem in fuzzy b-metric spaces was demonstrated.
Conclusions: The study presented a novel perspective on fixed point the-
orems in multivalued probabilistic contractions within b-Menger spaces.
By leveraging boundedness and introducing a coincidence fixed point
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theorem for fuzzy b-metric spaces, the work contributed to the advance-
ment in this field.

Key words: fixed point, b-Menger spaces, multivalued 1-contraction,
fuzzy b-metric space.

Introduction

In 1981, Vul'pe et al. (Berinde & Pacurar, 2022) introduced the concept
of b-metric space as a generalization of metric spaces, a framework later
utilized by Bakhtin and Czerwik (Bakhtin, 1989; Czerwik, 1993) to estab-
lish the well-known Banach fixed point theorem in these spaces (Banach,
1922). The significance of the fixed point theory resonates across vari-
ous branches of pure and applied mathematics due to its broad range of
applications.

The concept of probabilistic metric spaces, introduced by K. Menger in
1942 (Menger, 2003), constitutes a crucial extension of metric spaces. The
exploration of the fixed point theory in Menger spaces, concerning both
multivalued and single-valued contractions, has become an integral part
of probabilistic analysis, attracting the attention of numerous mathemati-
cians (Achtoun et al., 2023; Mbarki & Oubrahim, 2017; Huang et al., 2023;
Mihet, 2005; Patle et al., 2019). Recently, Mbarki and Oubrahim (Mbarki
& Oubrahim, 2017) introduced the b-metric version of probabilistic met-
ric spaces, termed a b-Menger space, which stands as the most general
concept among those mentioned earlier. Notably, numerous fixed point
results have been derived within this type of space (Mbarki & Oubrahim,
2017; Mihet, 2005). A parallel idea emerged in the realm of fuzzy met-
ric spaces, where Nadaban (Nadaban, 2016) introduced the concept of
a fuzzy b-metric space, generalizing the notion put forth by Kramosil and
Michalek (Kramosil & Michalek, 1975).

The concept of multivalued contractions in metric spaces was pioneered
by Nadler (Nadler Jr, 1969), and Hadzi¢ (Hadzic, 1989) later extended this
notion to multivalued v-contractions in probabilistic metric spaces. She es-
tablished a fixed point theorem employing the concept of probabilistic func-
tion of non-compactness. Building on this foundation, Fang (Fang, 1992)
presented a generalization of HadZi¢’s results by substituting the condition
of a continuous t-norm with a t-norm of H-type.

This paper contributes a new fixed point theorem for multivalued map-
pings satisfying 1-contractive conditions in b-Menger spaces, leveraging
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the concept of bounded orbits. As an application, these results are ex-
tended to establish a corresponding fixed point theorem in fuzzy b-metric
spaces. These authors’ findings not only improve upon the work of Hadzi¢
(Hadzic, 1989) and Fang (Fang, 1992) but also generalize their results.

The structure of this article unfolds as follows: Section 2 provides es-
sential concepts and lemmas in b-Menger spaces. Section 3 establishes
the existence of fixed points for multivalued -contractions in b-Menger
spaces, employing two distinct approaches and offering illustrative exam-
ples. Finally, Section 4 identifies a coincidence fixed point for multivalued
1-contraction mappings in fuzzy b-metric spaces.

Preliminaries

To start with, here are some basic definitions and facts from b-Menger
spaces.

Definition 1. Let AT be the class of all distance distribution mappings ~ :
[0, 4+00] — [0, 1] such that:

1. v is left continuous on [0, +o0],

2. = is non-decreasing,

3. v(0) =0 and y(4o00) = 1.

The subset Dt C A* is the set DT = {7 eAT: lim v(a)= 1}.

a——+00
As a specific element of DT is ¢, defined as:

_f o0 if o€ (—o0,q],
ca(@) = { 1 if ae€(a,+00).

Definition 2. (Schweizer & Sklar, 1983) A triangular norm (briefly t-norm) is
a binary operation 71 on [0, 1] such that for all u,v,w € [0, 1] the following
conditions are verified:

1. e, B) = 1B, @),

2. Ve, 1(B,7)) = 1, 5),7),
3 e, B) < a,y) for g <n,
4. T, 1) =T1,a) =«

Example 1. Here the most basic t-norms are cited:
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1. The minimum t-norm T/ (a, 8) = min(a, ).
2. The Lukasiewicz t-norm T («a, 8) = maz(a +  — 1,0).
3. The product t-norm Tp(a, ) = a - 8

Definition 3. (Pap et al., 1996) A t-norm 7 is said of H-type if the family
(7"()),,en s €qui-continuous at the point o = 1, it means that :

foralle € (0,1), thereexists A € (0,1) : t > 1=\ implies 1" (t) > 1—e foralln > 1,

where for all o € [0, 1] and n € N there exists:

7 _ )1 if n =20,
THe) = { T @), ) otherwise.

A simple example of H-type t-norm is T,;, unlike T, is not of H-type.
The readers are referred to (Pap et al., 1996) for more details.

Definition 4. (Mbarki & Oubrahim, 2017) A quadruple (T, F, 7, s) where T is
a nonempty set, F is a function fromT" x I" into A™, Tisat-normand s > 1
is a real number, is called a b-Menger space if the following requirements
are verified for all p,o,9 € T"and t,v > 0:

1. Fp,p = €0,
2. Fp,a%e() if p#o,
3. Fp,o‘ = Fo,p;

4. Fpo(s(t+v)) > F po(t), Foe(v)).

Note that a Menger space is a b-Menger space with s = 1.
In the topology created by the family of (¢, \)-neighborhoods:

N ={N,(e,\): peT, e>0 and X >0},
where:
Np(e,N) ={qeT: Fpqle) >1—A}.

The space (I, F,,s) is a Hausdorff topological space if the t-norm
T is continuous, as demonstrated by Mbarki and Oubrahim (Mbarki &
Oubrahim, 2017)

Definition 5. A sequence {w,} in a b-Menger space (', F, 7, s) is said to
be:
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1. Convergent to w € T if for any given ¢ > 0 and \ > 0 there exist
N € N satisfying F .,, .(\) > 1 — e whenevern > N.
2. Strong Cauchy sequence ifforany e > 0 and \ > 0 there exist N € N
satisfying F .,, «,,(A) > 1 — e whenever n,m > N.
A b-Menger space (T, F , 1, s) is complete if each Cauchy sequence in T is
convergent to some point in T.

In the following, it is assumed for the b-Menger space (T, /, T, s) that
T is a continuous t-norm, and the class of all nonempty closed subsets of
" is denoted by C(T"), where for all U,V € C(T') and w € T the functions
F,u(.) and Fyy(.) are defined as follows:

Fou(t)=supflou(t) forallteR,
velU
and

Fuv(t) = irelfU Slel‘}; Fuoo(t) forallteR.
v

The first result is the following:

Lemma 1. Let (T', F, 7, s) be a b-Menger space, then for all U € C(T") and
w,v €I there is

Fou)=1forallt>0if andonlyif we U.

Proof. If F,(t) = 1forallt > 0, then for any e > 0 and X € (0, 1) there
exists wp € U such that F, , (¢) >1—X. AsU € C(I') thenw € U.
On the other hand, if w € U, then

Fw,U(t) = sup F wu(t)
velU

> Fow(t)=1 forallt>0.
Hence F,u(t) =1 forallt>0. O

Definition 6. Let (T, F, 71, s) be a b-Menger space and U a nonempty set of
I'. The function Dy defined on [0, +occ] by

lim 6y (t if 0<w< +o0,
Dy(w) = { t-w- ult) S
1 if w=+o0,

567

Achtoun, Y. et al, Exploring multivalued probabilistic ¢)-contractions with orbits in b-Menger spaces, pp.563-582



@ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 2

where
Ou(t) = inf {F o4(t) | a,b € U},

is called the probabilistic diameter of U.

It is clear that Dy € A™ forany U c T, and for all p,q € U. Also U is
bounded if Dy; is into DT.

Lemma 2. Let (T', F, 1, s) be a b-Menger space and U a nonempty set of
I', the probabilistic diameter has the following proprieties:

1. Forall a,b € U, there exists F,;, > Dy.

2. Dy = ¢ ifand only if U is a singleton.

3. IfU C V, then Dy > Dy,.

Main result

Throughout this section, a point z € I' is said to be a fixed point of
f:T = CM)ifz € fz. Ifforwg € T, there exists a sequence {w;} C T
such that w; € fw;_1, then pr(wo) = {wo,w1,ws, ...} is called an orbit of f
starting at wy.

Let x denote the family of all function ¢ : [0, +00) — [0, +00) satisyfing

0<¢(t)<t and ET P"(t) =0 forallt>D0.

The definition of multivalued probabilistic ¢-contraction is first intro-
duced in a b-Menger space.

Definition 7. Let (I, F,™1,s) be a b-Menger space and ¢ : [0,+0c0) —
[0,+00).A @ mapping f : I' — C(I") is called a multi-valued probabilistic
W-contraction if for every w,v € T and every p € fw there exists o € fuv
such that

Foo((t) > Fuu(st) forallt>O0. (1)
Remark 1. Note that if f is a multi-valued 1)-contraction, there exists
F pu,fo(¥(t)) = Fuu(st) forallw,v €T, andt > 0. (2)

Before stating the main result, one will use later the following lemma.
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Lemma 3. Let {w,} be a bounded sequence in a b-Menger space
(T, F, 71, s)where RanF C D™. If there exists a function v € x such that

Fnwn (W) > Fuw, 1w . (st) foralln,m > 0suchthatm > nand forallt
(3)

Then {w,} is a Cauchy sequence.

Proof. Let {w,} be a bounded sequence in I' that satisfying the condition
(3). Then one obtains

Faonion W (1) = Fa, w0, (s9"7H(1)
) R ()

(Y1)

L W)

On the other hand, let e > 0 and § € (0, 1) be given, since D, (t) — 1 as
t — +oo, then there exist ¢t > 0 such that

'Dp(w)(to) >1-—20.
From that ¢ (ty) — 0 as n — +o0, then there exist ny € N satisfying
Y"(ty) < € whenever n > ny.

By using the monotonicity of F, one obtains

Fwn,wm<5) > Fw,wn (@Dn(t()))
> Dp(w) (to)
>1-—0.

Therefore, {w, } is a Cauchy sequence. O

Theorem 1. Let (T, F, 71, s) be a complete b-Menger space where Ranf C
Dt and f : T — C(T") is a multivalued probabilistic +)-contraction mapping
with ¢ € x. If all the orbits o (. for some w € T are bounded, then there
exists z € I satisfying z € f=z.
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Proof. Let wy € I" and w; € fwy such that the orbit o, starting at wy is
bounded. Then there exists ws € fw; thus by (1) one obtains

Fonwn(0(#)) > F o (st) forall t > 0.

Inductively, one constructs a sequence {w, } satisfying the following condi-
tions:

Wntt € fwn and F o, 0, (V) > Fu, w0, (st) foralln €N, andt > 0.

It will shown first that for each ¢t > 0,

F o wonim (W) 2 F s wnim_i(8)  for all m > 0. 4)

It is obvious that (4) is true for m = 1.
It is claimed that (4) holds for m > 0.
Since wy, € fw,—1 and wpimi1 € fwnaim, Using Remark 1, one gets

mewnerJrl (’l[)(t)) Z Ffwn—lvwn+7n+1 (¢(t))
Z Ffwn,l,fwn+m (’(/}(t)>
Z Fwnfl,wner (St)

So, by induction, it is proved that (7) holds for all m > 0.

Therefore, from Lemma 3, it follows that {w,,} is a Cauchy sequence.

As (I', F, T, s) is complete, then {w, } converge to some z € T".

It will be demonstrated that z is a fixed point within f. For that, lett > 0,
then, from (1), one has

Fwn,fz(d’(t)) > Fwnfl,Z(St)
Z Fwn—l,z(t)'

Since that ¢ € y, it follows
Fonf2(t) = Fu,_2(1),
by letting n — +oc one gets
F.p(t)>1 foreacht >0,

which implies by Lemma 1 that z € fz. Hence, z is a fixed point of f.
O
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Example 2. Let " = [0, +00). Define F : T x ' — AT by
Fuw(t) = et — |w—v]?).

Itis claimed that (T, F, 71, 2) is a complete b-Menger space. Let us consider
the mapping f : I' — C(I') given by f(w) = [0, &].
It will be proven that for all w,v € T"and p € fw there exists ¢ € fv such
that

Fpqg((t) > Fuu(2t).

With ¢(t) = 3t. Letw,v € T'and p € fw one has
Case 1 If p < ¢ then p € fu. so there exists o € [0, §] such that

| |<‘(.U v
-0 - ——|.
p =273

Case 2 If p > 5, since 0 < p < %, one gets

V<, VoW v
=PT 9 =977
Then if one takse o = 5, one obtains
w v

—o|<|= -2,
lp 0\_‘2 5

Therefore, from case 1 and case 2, one obtains that

Fpa(w(t» - EO(Zt - ‘)0 - 0—’2)
3 w  vl|2
,t = = —
zeolt—|53 7 3])
= ot~ gl —vf?)
> eo(3t — |w —v]?)
> Fww(2t)

Since p(0) is bounded, then all the conditions of this Theorem are satis-
fied. Hence f have a fixed point which is 0.

Remark 2. One should mark down that the condition propriety about the
boundedness of the orbits p(w) is an obligatory condition to prove the
existence of a fixed point as the next example shows.
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Example 3. (Sherwood, 1971) Define the distribution function as:

0 if <4,
K(t>_{1—i Si 2¢<t<2ot a>1.

Consider " = {1,2,3, ...,a,...}. Define F : T' x I' — D™ as follows :

a,a+b\l) = _ili (]C(Qat),/C(2a+1t), .”’]C(Qa"‘bt)) if ¢t>0.

Then, one obtains that (', f,™;,1) is a complete b-Menger space, and
since every single-valued mapping is a multi-valued mapping, one puts
f(a) = a+ 1, which is y-contractive with ¢ (t) = 1¢. However, f have no
fixed point, since there exists any n € I' such that p;(w) is bounded.

Lemma 4. Every Cauchy sequence in a b-Menger space (T, F , 7, s) such
that RanF C D' is bounded.

Proof. Let {w,} be a Cauchy sequence. Taking ¢ > 0, then for ¢ > 0 there
exists a positive integer N € N such that

Fy, 0, (t) >1—€¢ whenever n,m > N. (5)
Since Ranf C DT there exists to > t such that

Fy, w, (to) > 1 —¢€ whenever n,m < N. (6)
Then, from (5) and (6), one obtains

Fo, w, (to) > 1 —¢€ whenever n,m € N.

Hence,
Gp(w) (tO) >1—¢
which implies also that for all ¢; > ¢y one gets
Qp(w) (tl) > Qp(w) (tl) >1—ce
Since that ¢ > 0 is arbitrary, there is ¢; > 0 such that
Dp(w) (tl) >1—c¢€.

Thus,
Dywy(t1) = 1 asty — +oo.

The proof is completed. O
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Lemma 5. Let (T, F, T, s) be a complete b-Menger space where Ranf C
Dt and f : T — C(T') is a multivalued 1)-probabilistic contraction mapping
on T with ) € x. If the t-norm 7 is of H-type, then for all w € T, the orbit
pf(w) is bounded.

Proof. Let w € I and {w,} be a sequence of the orbit p(w) starting at w.
From Lemma 4, it suffices to show that {w,, } is a Cauchy sequence.
Since f is y-probabilistic, then there exists ¢ € x such that

F o wnn (W) > Fo, w0, (st) foralln eN, andt > 0.
Then, by induction, it is shown, as in the proof of the Theorem, that

Fwn,wn+k (¢(t)) Z F"Jn717wn+kfl(8t) fOT CL” k > O (7)

Next, for k = 1, one obtains that

FWmWn-H (wn(t)) Z Fwo,wl (St)
> [ wown () foralln € Nandt > 0.

Since lim F ., () =1.
t——+o00

Then, for any e € (0, 1], there exists ¢y > 0 such that
Fwo’m (to) >1—e€.
As i € x, then there exists t; > ¢ty such that

lim " (t) = 0.

n—-4o0o
So forany t > 0, there exists ny € N such that
Y™ (t1) <t forall n > ny.

By the monotonicity of F', one has for all n > ny,

FmenH(t) > mewnu(wn(tl))
> wown (t1)
> F wown (to)
>1—e
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Hence
lim Fy, 0., ()=1 forallt>D0. (8)

n—-+oo

Now, one proves by induction that for any & > 2,

F o wnsn (st) > Tt (Fwn,wn+1(t - T/J(t))) . 9)

Inequality (9) is satisfied for k = 3.
Now, suppose that (9) holds for & > 2.
Using (7), the monotonicity of 7 and the induction hypothesis, one obtains

Fwn,wn+k+1($t) = Fw717wn+k+1 S( %ZJ t)) + 57/’@))

( (
> W wpwna (&= D), F s wn i (@(1))
> _I(Fwn,wnﬂ(t w(t»?Fwn,wnM (st))
> T wpionyn (= @), TN o (8= (1))

= T w0 yr (= 0(1))).

Hence, (9) is proved for all £ > 2.
Now, let € € (0,1) be given. From that 7 is of H-type, there exists § > 0
such that

T(t)>1—€ forallte (1—46,1] andn € N. (10)
As =20 > o, then by (8), one has that
lim mewﬂﬂ(t_w(t)) =1.

n—-+4o0o

So, there exists V € N such that for all n > N one obtains

t— (1)

Fwn,wnﬂ( ) >1-9.

Finally, from (9) and (10), one gets

t— Yt
Fanwnin(t) > -lk_l(mewnH( ;D( ))) >1—¢€ foralln> N, and k > 1.

Therefore, {w,} is a Cauchy sequence, which implies from Lemma 5 that
pf(w) is bounded. O

As a direct consequence of Theorem 1, Lemma 4, and Lemma 5, one
obtains the following result
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Corollary 1. Let (T, F, T, s) be a complete b-Menger space with 7 is of H-
type and f : T' — C(I') is a probabilistic 1)-contraction mapping where
1 € x. Then there exists z € T satisfying z € fz.

Next, here is an example to illustrate corollary 1.

Example 4. Let " = [0, +00). Define £ : T' x I' — AT as follows
Fuu(t) = et — |w—v]?).

It is easy to check that (T, F, Ty, 2) is a complete b-Menger space with
Ty is of H-type. And one considers the function f : T' — C(T") given by

flw)={1,%.%}.

Then, for any w,y € " and p € fw, there are the following cases:

Case1 If p =1 € fw, then one chooses p = o.

Case2 If p= % € fw, then one chooses o = %

Case 3 If p= % € fw, then one chooses o = 3.
Now, it is necessary to show that the -contraction is satisfied with p(t) =
1

5t.

2

For case 1, there is

F po(1) = eol 1) = eo(21),
hence

Foo(3t) > eof2t — w— of?)

= Fww(2t)
Case 2 gives
Foolgt) =colgt = |2 = 2[) = co(2t — o — vl?) = Fuu(20)
Finally, for case 3, one obtains
Frolzh) =zt = |5 = 3] = colgt —lw—u)

hence

Fool31) > cof2t — o~ vf?)
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= F wu0(2t).

Thus, all the conditions of the above Corollary are satisfied, which implies
that f admits a fixed point.

Coincidence point theorems in a fuzzy b-metric space

Prior to announcing the coincidence, recall first the Definition of a fuzzy
b-metric space.

Definition 8. A quadruple (T', 2,7, s) where T is an arbitrary nonempty set,
I' is a continuous t-norm, Z is a fuzzy setonI' xI' x (0,4+00) and s > 1 is a
real number, is called a fuzzy b-metric space if the following conditions are
verified:

1. Z

ECEE
=
~
|

O A D
[\

Z(a, B,.) : [0,400) — [0, 1] is left-continuous and nondecreasing
forall a,B,v € T"and t,v > 0.

When s = 1 then (T', 2,7, s) is a fuzzy metric space in the form of Kramosil

and Michalek (Kramosil & Michalek, 1975).

The definition of a multivalued +-contraction in a fuzzy b-metric version
is given as the following.

Definition 9. Let (T, Z, 7, s) be a fuzzy b-metric space and v : [0, +00) —
[0,+00). A mapping f : I' — C(I') is called a multivalued fuzzy -
contraction if for every w,v € T and every p € fw there exists o € fuv
such that

Z(p,o,9(t)) > Z(w,v,st) forallt>0.

Theorem 2. Let (T, Z,71,s) be a complete fuzzy b-metric space where
lim Z(w,v,t) = 1forallw,v € I"'and f : I' — C(I) is a multivalued

t——+o0
fuzzy +-contraction mapping with v € x. If all the orbits ©y,,) for some

w € T" are bounded, then there exists z € T" satisfying z € fz.
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Proof. From that Z(w, v, .) is left-continuous and nondecreasing mapping
for all w,v € T', then by taking F, ., (t) = F (w,v,t) forall ¢ > 0 and since
the condition of f , ,(4+00) = 1 has not been used in the proof of theorem
1, it implies that this result holds. ]

Similarly, from Corollary 1, one obtains

Corollary 2. Let (T', Z, 7, s) be a complete fuzzy b-metric space with 7 is of
H-type and f : T' — C(T') is a fuzzy 1)-contraction mapping where ) € .
Then there exists z € T satisfying z € fz.

Conclusion

In summary, the novel approach applied in this study has led to signifi-
cant advancements, generalizing and enhancing the results originally pro-
posed by Fang (Fang, 1992) and Hadzi¢ (Hadzic, 1989). These achieve-
ments mark a notable contribution to the fixed point theory literature, partic-
ularly in the context of multivalued maps within probabilistic metric spaces.
Additionally, the authors introduced and defined the concept of multival-
ued y-contraction in a b-Menger space, extending it to encompass fuzzy
b-metric spaces. Moreover, this exploration uncovered a meaningful con-
nection between the boundedness of orbits and the H-type t-norms, pro-
viding valuable insights into the interplay between these concepts. As a
consequential outcome, coincidence point theorems applicable to fuzzy b-
metric spaces are derived, adding a new dimension to the understanding of
these spaces and their applications in the context of multivalued mappings.
This comprehensive study not only broadens the theoretical foundations
but also opens avenues for further research and exploration in the rich and
diverse field of the fixed point theory.
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Resumen:

Introduccién/objetivo: EI articulo presenta un enfoque novedo-
So para ciertos teoremas bien establecidos de punto fijo para
contracciones probabilisticas multivaluadas en espacios de b-
Menger, aprovechando la acotacién de las orbitas. El objetivo
era generalizar y mejorar los resultados obtenidos anteriormen-
te por Fang y HadZic.

Métodos: La delimitacion de las 6rbitas en los espacios b-
Menger se utiliza para establecer su enfoque para contracciones
probabilisticas multivaluadas.

Resultados: Los hallazgos del estudio no sélo generalizaron los
teoremas del punto fijo existentes, sino que también los mejo-
raron significativamente. Se demostré la eficacia del enfoque
para ampliar los resultados propuestos originalmente por Fang
y AdZic. Ademas, se demostro la aplicabilidad del teorema del
punto fijo de coincidencia en espacios b-métricos difusos.
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Conclusion: El estudio presenté una perspectiva novedosa so-
bre los teoremas del punto fijo en contracciones probabilisticas
multivaluadas dentro de espacios de b-Menger. Al aprovechar la
acotacioén e introducir un teorema de punto fijo de coincidencia
para espacios b-meétricos difusos, el trabajo contribuyé al avance
en este campo.

Palabras claves: punto fijo, espacios b-Menger, contraccion -
multivaluada, espacio b-métrico difuso.
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NopsAKOM M APYrMMKU CTPYKTYpamu
B[O CTATbW: opurnHanbHas Hay4Hasi cTaTtbs

Pesrome:

BsedeHue/uenb: B daHHoU cmambe npedcmasrieH Ho8bil r1o0-
X00 K HEKOMOPbIM 06wernpu3HaHHbIM meopemam O Hernoo8uUX-
HOU mouyke 05151 MHO203Ha4YHbIX 8ePOSIMHOCMHbIX COKpaueHul 8
b-MeHa2epo8CKUX rpocmpaHcmeax ¢ UCrosib308aHUeM o2paHUu-
yeHHocmu opbum. Llesnbto daHHOU cmambu 66110 0606wWume u
yryqwums rpedbidyujue pesynbmamel, nosy4YeHHbie @aHaoM u
Xaoxuuem.

MemoO0si: OzpaHu4yeHHocmb opbum e b-npocmpaHcmeax Men-
eepa ucrionib3yemcs 0ns1 onpedesieHuUs ux noodxoda K MHO20-
3Ha4YHbIM 88POSIMHOCMHbIM CXamusiM.

Pesynbmameli: Pe3dynbmamsl uccriedogaHusi He morsko 0606-
wunu cywecmeyrouue meopembl 0 Hernoo8UXHOU MOYKe, HO
U CcywecmeeHHO UX ycoeepweHcmeosasnu.  bbina npode-
MOHCmMpuposaHa 3aghghekmusHocmb nModxoda 8 pacwiupeHuu
pes3ynbmamos, repeoHaqYasribHO npeonoxeHHo2o0 ®aHaoM U
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Xaodxu4dem. Kpome moeo, bbina npodemMoHcmpuposaHa npume-
HUMOCMb meopeMbl O HeNOOBUXXHbIX MOYKax U mo4ykax coerna-
OeHus1 8 HeYemKUX b-Mempu4YecKux npocmpaHCcmeax.

Bbigodsi: B uccnedosaHuu npedcmasneH HoebIlU 63251510 Ha
meopembl 0 HEMOOBUXHbBIX MOYKax 8 MHO203HaYHbIX 8eposim-
HOCMHbIX cxXamusix 8 b-npocmpaHcmeax MeHzepa. Mcrionb3ysa
O2paHU4YeHHOCMb U 880051 meopemMy O cogrnadeHuUU Hernoo8LX-
HbIX MOYeK 0511 HeHdemKux b-mempuy4eckux npocmpaHcms, daH-
Hasi cmambsi eHocum 6orbuwioli eknnad e usyvyeHue 0aHHoU obra-
cmu.

Knrouesbie crioea: HernoOsuxHasi mouka, b-npocmpaHcmea
MeHzaepa, MHO203Ha4yHoe  1p-cxxamue, Heyemkoe  b-
Mempuyeckoe rpocmpaHcmeo.
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OBINACT: matemaTtuka
KATEFOPWJA (TUM) YNAHKA: opurmHanHiu Hay4Hu pag

Caxemak:

Yeod/uurb: Pad npedcmasrba Hosu npucmyn odpeheHum do-
bpo ymepheHum meopemama O (PUKCHOj mayku 3a euLEe3HaY-
He 8eposamHoCcHe KOHmMpakuyuje y b-MeHzeposum rnpocmopuma,
Kopucmehu oegpaHudeHocm opbume. Lurb je 6uo Oa ce 2eHe-
panu3syjy u nobosbluajy npemxodHU pe3ynmamu Koje cy usgenu
®aHe u Xayuh.

Memode: KopuwheHe cy oepaHudeHocmu opbuma y b-
MeHzeposum rnipocmopuma Koje ycriocmaersbajy ¢8oj npucmyrn
3a 8UWE3Ha4YHe 8epoOBaImMHOCHEe KOHmpakyuje.

Pesynmamu: Hana3u cmyduje HuUcy caMo 2eHeparnu3osarnu ro-
cmojehe meopeme 0 ¢hUKCHOj madku geh cy ux u 3HadajHo ro-
bosrbwanu. [MpedcmasrbeHa je u eghekmusHocm npucmyna y
npowupery pesynmama Koju cy rnpeobumHo rnpednoxunu PaHe
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u Xaypuh. Takohe, OeMOHcmpupaHa je npuMeHs/bUsocm me-
opeme KOUHUuUOeHUuUje O (bUKCHOj mayku y pacrmauHymum b-
MempuYKUM rpocmopuma.

Bakrbyyak: Cmyduja je npedcmasurna Ho8y repcriekmusy me-
opeme QUKCHE mayke y 8Ue3Ha4YHUM 8epO8armHOCHUM KOH-
mpakyujama yHymap b-MeHzeposux ripocmopa. Kopuwhere
oepaHuyeHocmu U yeoher-e ¢bUKCHe crlydajHocmu meopema
mayke 3a pacriuHyme b-mempuyke ripocmope rnpedcmassba
donpuHoc yHanpehery oge obnacmu.

KmbyyHe peuu: c¢pukcHa madka, b-MeHzeposu npocmopu, eu-
We3Ha4yHO rpecriukasame 1)-KoHmpakuyuja, pacrniuHyma b-
mMempuka.
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Abstract:

Introduction/purpose: Pata-type and Zamfirescu mappings are extended
beyond metric spaces.

Methods: The concept of Pata-type Zamfirescu mapping within the
framework of S-metric spaces is employed.

Results: A series of corresponding outcomes has been established. Fur-
thermore, the obtained results are employed to solve an integral equa-
tion.

Conclusions: S-Pata type and Zamfirescu mappings have unique fixed
points.
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Introduction

In 1922, Banach (Banach, 1922) established that every contraction
mapping on a complete metric space possesses a unique fixed point. This
theorem is commonly referred to as the Banach fixed point theorem.

Since Banach’s theorem was proven, various other types of mappings
have been demonstrated to possess the same fixed point property. Among
these mappings are Kannan-type mappings and Chatterjea-type map-
pings, both of which were introduced in the 1960s. These mappings hold
significance because they enable the existence of fixed points even for
non-continuous mappings.

In 1972, Zamfirescu (Zamfirescu, 1972) introduced a generalized con-
traction mapping that further extended the class of mappings for which the
fixed point property can be guaranteed. Zamfirescu’s results generalized
the work of several other mathematicians, including Kannan (Kannan,
1968) and Chatterjea (Chatterjea, 1972).

In the paper, ¥ represents the set of ascending functions ¢ : [0,1] —
[0, +00), where 1) exhibits continuity at 0 and starts at ¢/(0) = 0.

Definition 1. (Zamfirescu, 1972) If (V,d) is a metric space, a function T" :
V — V is referred to as a Zamfirescu mapping if it satisfies the following
condition for any points ¥ and ¢ in V and real numbers a, b, and ¢ within
the interval [0, 1):

d(I'(9),1(0)) <
max {ad(9,0), L[d(9, T(9)) + d(0,T())], £[d(9, T(60)) + d(6, T'(9))] }

In 2011, Pata (Pata, 2011) introduced an improved version of the classi-
cal Banach Principle. This enhancement enables the identification of fixed
points for mappings that lack strict contraction properties, instead relying
on approximate contraction characteristics.

Theorem 1. (Pata, 2011) If (X,d) is a metric space that is complete and
fixed constants A > 0, « > 1 and 8 which lies in the interval [0, a]. If the
mapping I' : X — X fulfills the subsequent inequality for each ¢ € |0, 1]
and all 9,0 € X,

d(T9,T0) < (1 —e)d(9,0) + Ae®[1 + |9 + ||0])]°
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then T possesses a unique fixed point 9* € X, and the sequence {I'"Vy}
exhibits convergence towards ¥* for any given initial element 9, € X.

Many other authors have previously employed the Pata-type condi-
tion to derive novel fixed point outcomes (Kadelburg & Radenovi¢, 2014;
Ozgirr & Tag, 2021; Kadelburg & Radenovi¢, 2016; Karapinar et al., 2020a;
Saleem et al., 2020; Karapinar et al., 2020b; Aktay & Ozdemir, 2022; Ya-
haya et al., 2023; Roy et al., 2024).

Further, in 2018 Jacob et al. (Jacob et al., 2018) defined Pata type
Zamfirescu mapping and generalized the results of (Chatterjea, 1972; Pata,
2011).

Definition 2. (Jacob et al., 2018) If (V, d) is a metric space, a mapping I :
V — V is considered as a Pata-type Zamfirescu mapping if, for all ¥ and 0
in V, and for every ¢ € [0, 1], it holds the following inequality with « in ¥ :

d(L(9),1(6)) < (1 —e)M(9,0) + Ae*y(e)[L+ 0] + [|9]] + [T9]| + |76}

where M(¥9,0) = max {d(ﬁ, 9), d(z?,l“(ﬁ));-d(e,l“(e))7 d(ﬁ,l“(@))—;—d(e,l“(ﬁ))} and
A>0,a>1, 3 € [0,a] are constants.

In 2012, Sedghi et al. (Sedghi et al., 2012) presented the notion of an
S-metric space.

Definition 3. (Sedghi et al., 2012) If V is a nonempty set, an S-metric is a
function S : V x V x V — [0, +00) on V that meets the requirements for
every 4,60,6,a € V as follows:

(i) S(v,6,0) >0,

(i) S(v,0,0) =0ifand only if ¥ =0 =4,

(iii) S(v,0,0) < S(9,9,a) + S(0,0,a) + S(9,9,a).
The term ”S-metric space” refers to the pair (V, 5).

Example 1. (Sedghi et al., 2012) If V is a nonempty set equipped with an
ordinary metric d on V, then the following are S-metrics on V.

* S(0,0,6) =d(9,6)+d(6,9)

¢ S(1,60,6) =d(9,0) +d(0,9) + d(J,9)
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Lemma 1. (Sedghi et al., 2012) If the space (V,S) is an S-metric space,
then as a result, there is for all 4,0 € V,

S(9,9,0) = 5(6,6,9)

Lemma 2. (Sedghi et al., 2012) In an S-metric space (V,S), forall 9,0, €
V, there is
S(09,19,0) < 25(19,9,6) + 5(0,0,0)

and
S(¥,9,0) <25(9,9,0) + 5(4,6,0)

Definition 4. (Sedghi et al., 2012) If (V, .S) is an S-metric space,
(i) a sequence {¥,} in V converges to ¢ if and only if S(9,,,%,,9) — 0
as n — +oo. This convergence is denoted as lim,,—, - ¥, = ¢,

(i) a sequence {¥,} in V is referred to as a Cauchy sequence if, for
given ¢ > 0 there is a ny € N such that S(¢,,,9,,9,) < ¢ for every
n,m > ng, and

(ii) the space (V, S) is defined as complete when it satisfies the condi-
tion that every Cauchy sequence in V converges.

Several other authors have contributed to the field of S-metric spaces,
establishing numerous results within this framework as well as in various
extended spaces related to S-metric spaces. Some of these pertinent
works can be found in the references (Sedghietal., 2012; Chand & Rohen,
2023; Ozgir & Tas, 2023; Priyobarta et al., 2022).

Inspired by the findings outlined above, this paper introduces the
concept of S-Pata type Zamfirescu mappings and demonstrates the
existence of fixed point results within the framework of S-metric spaces.
Notably, these results extend the findings from a previous study (Jacob
et al.,, 2018). Furthermore, the best proximity point theorem has been
established and findings applied to the context of integral equations.

Main results

In this section, the aim is to demonstrate the existence and uniqueness
of fixed points for S-Pata type Zamfirescu mappings. Consider an S-metric
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space denoted as (V, S). Throughout this discussion, the norm of an ele-
ment 4 is represented as ||| = S(¥, ¥o, ¥), where ¥ is a chosen element
in V.

Definition 5. In an S-metric space (V, S), a mapping I' : V — V is referred
to as an S-Pata type Zamfirescu mapping if it satisfies the following
inequality for all 9,0, € V, ¢ € ¥, and every ¢ € [0, 1]:

S(T9,T6,T8) < (1 — )M (9,0,5) + Aep(e)[1+
IO N+ 000+ 181+ 1T+ T0] +]Ts )

where

S(9,9,T9) + S(0,0,T0) + S(5,5,T5)
3 )

S(9,9,16) + S(6,0,T6) + S(5,6,T0) }
4

M(9,0,6) = maX{S(ﬂ,G,(S),

A >0,a>1,5 € [0,q] are the constants.
Note: From the above definition, it can easily be deduced that
S0, T9,T0) < (1—e)M(9,9,0) +Aep(e) [1 42|90 +1/0]|+2( T + T[]

where

S(¥,9,I'9) + S(0,0,10)
3 )

S(¢,9,T'9) + S(9,9,10) + 5(0,0,T'9) }

M(®,9,0) = max {5(19,19,@, 2

4

A>0,a> 1,5 € |0,a] are the constants.

The following lemma is a key ingredient in the proof of this work. This
lemma will be used to prove the main results. The proof of the lemma in a
metric space can be found in (Alghamdi et al., 2021). Here, it is extended
it to the framework of an S-metric space.

Lemma 3. (Alghamdi et al., 2021) Consider an S-metric space (V, S). Ifthe
sequence {V,,} in V which is not Cauchy with lim,,_, { oo S(Vr, Op, ny1) = 0.
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Then, two sub-sequences {V,, } and {9,,,} of {9, } exist forany ¢ > 0 such
that

lim S(ﬁnk-l-lv ﬁnk+17 ﬁmk-l-l) = €+ (1)
k——+o0

lim S(ﬁnwﬁnmﬂmk) = lim S(ﬁnk—ﬂ—l;ﬁnk—i-lyﬁmk) =

k——+o0 k——+o0
Proof. Since, {¥,} is not a Cauchy sequence and

limy, 5400 S(9y, 9y, 9p+1) = 0, one can get e > 0 and Ny > 1 such
that forany N > N, there is m,n > N with m > n and

S('ﬂn—i—ly 19n—l—la ﬁm—i—l) > e and S(ﬂn—&—la ﬁn-ﬁ-lv 1977,) <e.

By selecting the smallest m > n so that S(¢,,4+1, 941, 9m+1) > € holds,
it is concluded that for each NV > N, there exists m,n > N such that

S(ﬁn-l-h 7971—}—17 ﬁm-‘,—l) > e and S(ﬁn-H, 7971—&—17 ﬂm) <e.

Thus, one can construct two sub-sequences {49, } and {¥,,, } of {¥,,} such
that
S(ﬁmﬁrl? ﬂn;ﬂrla ﬂkarl) > ¢ and S(ﬁnkJrl, ﬂnkJrla ﬂm;) <e.

These inequalities, along with the triangular inequality, lead to

e< S("&nk-&-lv ﬁn}@-l-la 19mk—|—1) < S(’ﬂn,ﬁ_l, ﬁnk—l—la ”&mk) + 25(19771“ ﬁmk ) 19mk+1)

By means of the Sandwich Theorem, one arrives at (1). Furthermore, there
exists

which implies the second limit of (2). From the subsequent two inequalities,
S(ﬁnk-i-l) 797%—4—17 Q9mk) - QS(ﬁnk y ﬂnk ) ﬂnk—i—l) < S(ﬁnm ﬁnk ) ﬁmk) <
€+ 2S(19nk’ ﬁﬂk ) ﬁnk‘i’l)?

€= 25(,1977%7 19”1@ ) ﬂnk"l‘l) < S(ﬁnw ﬁnk’ ﬁmk-‘rl) < S(ﬁnk+17 ﬁnk-i-lv ﬂmk-f—l)"’_
25(1971«1@ ) ﬂnk? ﬁnzﬁ”l)

from these inequalities one will get the required limits. O
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Theorem 2. Let (V, S) be a complete S-metric space. IfTI" : V — V is an
S-Pata type Zamfirescu mapping, then I" possesses one and only one fixed
point.

Proof. Assume %, is any element within the set V. Create a sequence
with the definitions: 4,1 = T'(¥,) and ¢, = S(Un,,,Y). In order to
demonstrate that the sequence S(9,,11, V., ¥,,) is non increasing, consider
setting € = 0, which leads to the following result

S<79n7 ﬁny 7911—4—1) S

S(Pn—1,0n-1,9.)+S(Vn_ , Ge1,00)+S (90,00, 0n
S(9n—1,9n—1,9p), 20n=1:0n1,0u) b8 W1 P00 ) £5C 1),
max S 100+ S (B 1 Py Dmgs s+ S (P P )
4

25 19’” M IL 3 ’!L +S 19’77,719”1719”
519 ,’9 ,19 < 5(19717177971 1719 )7 ( 1 : ) ( +1)
(On, Un, Uny1) < max S(On1,0n 1,19n)+5(19n 00 1,19n+1>
251,00 1,00)+S (00,090,900
S 79 19 79 < S<79n—1719n 17’19 )7 ( ’ o 3) ( +1)7
(Vn, Un; Uny1) < max 35 (1101 s )+ (DD )
4

Now, considering S(9,,—1,9n—1,%,) < S(9n, ¥n, Unt1), ONE gets

2S 1971— 7”Qn— 71977, +S 19n7ﬁn719n
S B ) < 2ot Ut ) 5 +1)

25(19n’19na"9n+1) S QS(ﬁn—hﬁn—laﬁn) + 5(19”,79”,’[9714_1)
S(ﬁruﬁnvﬁn—i—l) S S(ﬁn—lyﬂn—laﬁn)

This results in a contradiction. Therefore, it can be deduced that
SO, U, Ung1) < S(Op—1,9n-1,9,) < -+ < S0, Y0, 01) = c1.

Claim1: ¢,, is bounded.
Define

cn = S (99,00, 9y) < 250, Yo, Y1) + S (U, Un, V1)
< 2500, %0,%1) + 25 (On, U, Ons1) + S(Unt1, Int1, 1)
< 2c1 +2¢1 + S(Vnt1,Ung1,01)
< 2¢1 4 2¢1 + S(91,91,9n41)
<decy + S(TYy, TV, TVy)
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S(B0,00,01)+S (90,900,091 )+ (9 00
<4 1 5(190779&1971), (90,90,91)+5(J 03 1)+5( +1)’
< ey + (1 —€)max S(90,00,91)+S (90,90, 0 41) LS (V0,01

4

+ AP (@)1 + 9ol + 190l + 9]l + 11921 + [[92]] + [[9n2 1)
<4dec1+(1—¢)-
S (90, Y0, ), 25(P0,90:91)+ 5000 P Fntn) }

max 3 ’
S(90,%0,91)+25(%0,90,9n)+S (Fn,0n,0nt1)+25(F0,90,9n)+S (F0,%0,91)
4

+ A ()L + 201 + 19l + (101 + [191))°

3c1 + 4cp,
<dey + (1 —g) max{ey, c1, %} + Ae“(e)[1 + 3|91 + 2/|9 |17

3

<4c; + (1 — ) max{cp, c1, % + en} + AP (e)[1 4 3c1 + 2¢,)°
3

<dey + (1 — e) max{ep, 1, % + e} + AP (e)[1 + Ber + 2¢,)”

If there is a subsequence ¢,, — +o0,

3
en, < do1 4+ (1= ) (5 + cn) + Aefib(e)[L + Ber + 2, )"

3
en, — (L —¢gi)en, < dep + %(1 — &) + Aeip(ei)[1 + 3er + 2¢,,]¢
gicn, < A+ Beip(ei)cy,

for some A, B > 0. The choice ¢; = {:*—A leads to the inequality,
1< B+ A)*Y(g;) — 0,
which is a contradiction. Hence, {¢, } is a bounded sequence.

As S(9,-1,9,-1,9,) is a non-increasing sequence and it has a lower
bound of 0, it follows that

lim S(9n,0n, Op_1) =d >0

n—-+oo

S(’ﬂn, ﬁna 29n+1) = S(Fﬁnfla 1ﬂﬁnfla Fﬁn)
<(1-e¢):
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S(Vp_1,9 s
max S(9n-1,90-1,00)FS (001,00 -1,0n41)+S(0n,00,91)
4

9 S(0n—1,90-1,9)+S(0n_1,90_1,9,)+S (9,9, 0n41)
n—1, TL); )

+ AP ()L + [[Fnrl| + [Fnrll + 9]l + [[9n ]| + 19 ]| + 1In411]7

25 19"7,7 719'”.7 719”’/ +S 19"L7197L7’l97l
<(1— S(ﬁnflaﬁnflvﬂn)) ( : - 3) ( +1)7
S (L=e)max § g9, L 0 1 00)L2S (001 s0m1,92)-LS (D0 sOmss)

4
+ AP ()1 + 2/[In-1ll + 3 Inl + [[Onta]]’

25(0n-1,9n-1,05)+S (90,005,095
SO 1,01, 0y), 22 0nmrncr D)5 +1)

< (1 —¢) max { 35(On_ 1.9 1,00) S (Fn0nInr) 7} + Keype)
4

Now, the limit as n approaches infinity is considered, one obtains
d < K¥(e), and consequently, one gets d = 0.

Claim2: The sequence {9, } is a type of Cauchy sequence.

Assuming that {#,} is not Cauchy, one can apply Lemma 3 to conclude
that there exists a subsequence {¥,, } and another subsequence {¥9,,,}
of {9,,} where n;, > my, > k, such that

d < S(ﬂmkaﬂmkaﬁnk) = S(Fﬂmkflarﬂmkflarﬂnkfl)

S(ﬁmk—lvﬁmk—hﬁnk—l)v
S0y —1,0my —1,9m, )+ S (Omy —1:9m, —1,9m, ) S (ny —1,9n, —1,9n
< (1 —¢e)max (klklk)+(kl3klk)+(hl 1 k)’
S(Wmy—1:9my —1,0m )+ (Fmy —1,0my =190, )+ (Fny —1,9n, —1,9my )
4

+ Keip(e)

(ﬂmkfla ﬁmkfl) ﬁnk) + S(ﬁnkfla ﬂnkfla ﬁnk)y
25(0my—1,9my —1,0m, ) HS (Ony —1,0n, —1,9

"k)
)

3
S(Fmy—1,9my —1:9m )+ (Omy —1,0my =190, )+ (Fny —1,9n, —1,0my )
4

< (1 —¢)max

+ Key)(e) .

As k approaches infinity, one obtains § < Ku(e). Consequently, it
follows that § = 0, which presents a contradiction. Therefore, it can
be asserted that {¢,,} is indeed a Cauchy sequence. Considering that
V is a complete S-metric space, it can be concluded that there ex-
ists an element ¥ within V such that the sequence ¥, converges to 4.
Now, for all n in the natural numbers, and when ¢ is set to zero, one obtains
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S(9,9,T9) < 2S(0,9, 9ns1) + S(T0, T, 9npr)

S(9,9,9,),
< 23(19’ Y, ﬁn-&-l) + max 3(197197F19)+5(19,19€19)+5(19n719n7r19n) ’
S(9,9,09)+S5(9,9.19,) +-S (9 9,,.['0)
4

S(09,9,9,),

25(9,9,I'0)+S (V0,0
< 25(19719719%+1) -+ max ( )+3( +1)7
S(9,9,I'9)+S(8,8,0,4+1)+S (¥n,0,,I')
4

Allowing n to approach infinity, the aforementioned inequality follows as:
2
S(¥,9,T9) < §S(79,79,Fv9)

= S(0,9,T9) =0
Hence, ¢ is a fixed point of I" as S(I'?, 'Y, ) = 0, one obtains I'Y = 9.

To establish the uniqueness of the fixed point, assume that both ¢, 6 €
V, are the fixed points of I". One obtains

S(09,9,0) S(9,9,1'9)4+5(9,9,1'9)+5(0,0,1'0)
S, T'9,1'0) < (1 — &) max 0 ) 509.0.00) 2 5(0.0.09) N
4

Key(e)

Consequently, one obtains S(v,v,60) < K1 (e), which leads to the conclu-
sion that 1y = 6. Hence, it can be asserted that I" possesses a unique fixed
point in V. O

Example 2. Let V = R. Define a function S : V x V x V equipped by
S(1,0,6) ={|9—60|+10—0|+ 16 —v|} forall 9,0,6 € V. Then (V,S) is a
complete metric space.

If one defines a self mapping I" on V by I't = %z?, then I" satisfies the
conditions of Theorem 2. For all 9,6, € V one obtains

3.3 3 3 3 3 3 3 3

9,00,16) = S(29,26,26) = {|=0 — = - )
ST, T6,19) 5(819, 89’ 86) {]819 80| + \89 85\ + \85 819]}

3 3
= gsup{\ﬁ — 0| +10—0|+ 0 -9} = gS(ﬂ,Q,(S)
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<(1-2)8(9,0,5) + (g — (1—2))S(4,6,6)

201 21— IS, 9, 90) + 50,60, o) + S(5,6,90)]
< (1= )M(,6,8) + <3 19]) + 18] + 3]

<(1—¢e)M(,0,6) +

3 2
<(1—-e)M(9,0,6) + §€2€3 [L+ (|90 + (01 + ll6]] + ([T + [Tl + [|T6]]]

for all € € [0,1]. This implies that I" is an S-Pata type Zamfirescu mapping
fora =2, 3=1,A=3andy(c) = e5. Furthermore, it can be affirmed that
¥ = 0 is indeed the unique fixed point of T" in V, as asserted by Theorem
2.

Corollary 1. In a complete S-metric space (V, S), if the mappingT’ : V — V
is a Zamfirescu mapping that meets the following inequality criteria for all
9,0,0 € Vanda,b,c € [0,1),

aS(9,0,8),b wﬁWHS(”F@HS(M,m) ’
S(TY,T9,19) < max { ( [S()ﬁ 19[F0)+S(9 0,.08)45(3,, .L9)) ]

In that case, T" possesses a unique fixed point within the space V.

Proof. Considering d = max{a, b, c}, one obtains that

S(9,0, ), SLLLNSOILO+5(GLD)
S(I'9,T9,T6) < dmax o MHS(O oo Fsanro)

S(9,0,5), 220 WHS(G 0 F9)+S(6 618)
< (1 —¢)max S(ﬂ ) F9)+S(9 ) F6)+S(5 o)
5(9,0,6), 2 (’97197F19)+S(9§6,F6)+S(5,5,F6) 7
+ (d4+ e —1)max 000 45(6.0.05) 2 5(6.5.19)
1

< (1—5)M(19,9)+d<1+ €;1> :
maX{WH + 101 + 151, Hv9||+||9||+H6II)+HMIHHF@\HHFJII}

< (1—e)M(9,0) +dea[L+ [ 9]] + [|6] + I3]] + 9] + [T + T}
< (1—e)M(9,0) +dee 3 [L+ [[9] + 18] + (18] + |T|| + [T6]| + 5]
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Therefore, by Theorem 2 with A = d, ¥(e) = % and a = 68 =1,it
follows that I" has a unique fixed point. O

Corollary 2. Consider a complete S-metric space (V, S), and letT : V — V
be a mapping. If for all A € [0, 1), I satisfies the following inequalities

S(I'9,T6,T6) < AS(, 0, 6) (3)

OR .
S(U9,19,1'9) < Z[S(9,0.T9) + S(60,6,10) + S(5,6,19)] (4)

OR \
S(I'0,10,15) < T[S(9,9,10) + 5(0,0,1'9) + 5(5,5,19)] (5)

Then, T has a unique fixed point in V.

Proof. In Corollary 1, if one takes

(1). a =X, b=c =0, inequality (3) is obtained

(2). b= X, a = ¢ =0, inequality (4) is obtained

(3). ¢ = A, a =b=0, inequality (5) is obtained

further steps followed from Corollary 1. O

Existence of the best proximity point for S-Pata type
proximal contraction

This section introduces a new type of proximal mappings called S-Pata
type proximal mappings. It is then proved that these mappings have the
property of having the best proximity points. Let A and B be subsets of a
complete S-metric space (V, S). The distance between two sets is denoted
by D(A, B) and defined by

D(A, B) = inf{S(9,9,0) : 9 € Aand 6§ € B}.
The notation Ay is used to represent the subset of A defined as follows:
Ap={0e€ A:5,9,0) =D(A, B), forsome 0 € B}
Likewise, By is the subset of B defined as follows:
By={0 € B:5(,9,0) =D(A, B), forsome J € A}

Throughout the section, the assumption that both Ay and B, are closed
sets is maintained.
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Definition 6. A mapping I' : A — B is said to be an S-Pata type proximal
contraction of type-l if, for all ©4,0,0 € A, ¢» € ¥, and for any € € [0,1], it
satisfies the following inequality:

S(u,v,w) < (1—¢)S(9,6,6) + Acy(e)[L + [0 + (18] + ]I}

where S(u,u,I'(¥)) = S(v,v,T'(0)) = S(w,w,I'(0)) = D(A,B) and A > 0,
a > 1, B € [0,«] are arbitrary constants.

Definition 7. Amapping I' : A — B is said to be an S-Pata type proximal
contraction of type-ll if, for all 9,6,0 € A, ¢ € ¥, and for any ¢ € [0,1], it
satisfies the following inequality:

S(u,u,v) < (1—¢)S(0,9,0) + Ae%p(e)[1 + 29| + [|0]])°

where S(u,u,I'(9)) = S(v,v,I'(#)) = D(A,B)and A > 0, a > 1, 8 € [0, q]
are arbitrary constants.

Theorem 3. In a complete S-metric space (V,S), consider non-empty
closed subsets A and B. Suppose that there exists a mapping1' : A — B
that is an S-Pata type proximal contraction, and additionally, it holds that
I'(Ag) € By. Then I' possesses one and only one best proximity point
within the set A.

Proof. Let 9 be an arbitrary element in Ay. Then I'(¢y) € By and so there
exists an element ¥, € Aj such that S(¢1,91,T'(9)) = S(A, A, B). Sim-
ilarly, define 9,41 € Ag such that S(¥,+1,9n4+1,1'(9,)) = S(A4, 4, B) and
cn = S(Up,0n,9). Then, one gets

S(ﬁn> 19TL7 ﬁn—&-l) (1 - E)S(ﬁn—lv an—la ﬂn) +A€a¢(€>[1 + 2”/&7"/” + ||19n—1||]/8

where ¢ € [0, 1].
Taking ¢ = 0 in the above inequality, it follows that {S(¢,,, ¥, ¥nt1)} is
a nonincraesing sequence. Therefore,

S(ﬂnaﬁn7§n+1) < S(ﬂnflaﬁnflyﬂn) <... 5(19071907191) =0
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Now, one shows that {c¢,} is bounded:

cn = SV, %0, Uy)
< 2500, 90,01) 4 250, U, Ons1) + S(01, 91, Ons1)
< der + (1 —€)S(90, 90, Un) + AeP(e) [1+ 2|00l + [9a]]7  (6)
<dey + (1 —e)ep + AeyY(e)[1 + cn]ﬁ
<a+ (1 —e)ey, + be“Y(e)ch

where a,b > 0 are constants. Accordingly,
ecn < a+ be“Y(e)ey

If there is a subsequence ¢,,, — +oo, the choice ¢ = ¢; = (1+a)/cy, leads
to the contradiction
1 <b(1+a)P(e;) =0

Hence, {c¢,} is a bounded sequence.
Let limy, 400 S(Vn—1,Un-1,9,) = d. Since S(V,_1,V,—1,7,) is non in-
creasing,

S(Fns Ony U41) < (1= €)S (01, 0n1,9n) + Ae®P(e)[1 + 2[[In1]| + [|9]]]°

<(1-
< (]_ — 5)5('[971717197171’ 1911) + K€¢(€)

As the limit as n approaches infinity is considered, it is deduced that d <
K1(e) implies d = 0. One now makes the assertion that {J,,} is a Cauchy
sequence.

In order to avoid contradiction, assume that {¢,,} is not a Cauchy se-
quence. In such a case, according to Lemma 3, there must exist subse-
quences {9, } and {V,,, } of {¥,} with n; > m; > k such that

<

(1 - 6)[2‘9(19%«—17 ’lgnk_17 ﬁmk) + S(ﬂmk_17 ﬁmk_17 19”1.)] =+ ng(g)

As k tends towards infinity, one reaches the conclusion that d < K1 (e),
which leads to a contradiction. Therefore, it can be affirmed that {4, }
is indeed a Cauchy sequence. Given that V is a complete space, there
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exists an element ¢ in V such that {¢,,} converges to .

Now, consider S(u,u,I'(¢#)) = D(A, B) and set ¢ to zero. Then, for all
n € N, one obtains

S('LL, U, 19) S 25(”7 U, 1971-"-1) + 5(197 197 1971"!‘1)
< 25(9,9,9,) + S(¥,9,0n41)

This leads to the conclusion that S(u, u, ) = 0. Consequently, it can be
established that 9} serves as a proximity point of T.

In order to demonstrate the uniqueness of the proximity point, suppose,
for the sake of contradiction, that I has two distinct proximity points ¢ and
f in V. One obtains

S(ﬁv 197 6) < (]- - 5)8(197 197 9) + K€1/J(€)
Hence, one obtains S(9,4,0) < K1 (e), which implies ¥ = 6. Thus, I" has

unique proximity point ¢ in A. O

Corollary 3. Consider a complete metric space (V,S), and letT : V — V
be a mapping that adheres to the following inequality:

S(I'9,T6,15) < (1 —¢)S(9.6,8) + Ae®(e)[L + |[9]] + |16 + [I6]1)”

Then, there exists a unique fixed point for T".

Proof. The proof can be derived directly from the previous theorem when
A=D. [

Example 3. Let V = R? under 1-norm and (V, S) be an S-metric space with
a metric defined by 5(9,6,5) = 3{|0—8|+|0—4|}. Consider A = {(0,a)|a €
[0,1]} and B = {(1,b)|b € [0,1]} then D(A, B) = 1. Define f : A — B as
F0,9)=(1,%),A=a=p=1,andforé € (0,1)

(5 ifseo,s),
W)_{f ifsels,
]

One needs to demonstrate that, for all € € [0, 1], f satisfies the inequality
of S-Pata type proximal contraction,

fore=0 = S(u,u,v) < SW,9,0),
foree (0,1 = S(u,u,v) <(1—¢)SW,¥,0)+
epp(e)[1 + 21| + [16"]]],
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where S(u,u, f(¢)) = S(v,v, f(0)) = D(A,B) = 1.
The following inequality shows that f satisfies the first case when ¢ = 0.
Forall ¢ = (0,9), ¢ = (0,0) € A.

V2 V2 62

S(’Uwuvv) - S((O, Z)? (07 Z)? (07 Z))
2 2
=10, %)+ 0,5)
2 2
=15 - TI=1G + (G - 2)
9 0
=l

< S, 9,0

The following inequalities demonstrate that f satisfies the second case
when ¢ € (0, 1]:
Fore € (0,0) and for all ¥/, 0" € A

2 2 2 2 2
I8 0.0 = 1% -

S(u,u,v) = S((0, 1

1 -1
(1+ =7)2S (W), 9. 0') + S (), 0.0")]
2
< (1= )8, 9,0') + 5%[2]19'|| + 0]
< (1—2)S(,0',0) + ()1 +2]19'|| + 6]
Fore € [4,1] and for all ¥/, 0" € A,

U SN 9?62
S(u,u,v) = 5((0, Z)’ (0, Z)? (0, Z)) =|—-—-

< S, 9,0)

=(1—e)S(W,9.0) +eSW, 9, 0)
=(1—2)S(W,9,0) +e[25(9, 9, 9") + S(9,0',0")]
= (1L =)W, 0,0') + ()L + 2| + [16/]]]-

Hence, f fits the criteria of being an S-Pata type proximal contraction, and
as a result, there exists a best proximity point (0, 0) within the set A.
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Application to the integral equation

In this section, an application of the main result is explored by describing
a solution of the integral equation.

Consider M = C(I,R), which represents the set of all continuous func-
tions on I = [0, 1], equipped with the metric S(1J,6,0) = sup{|J(s) — (s)| +
|60(s) —d(s)| + |0(s) —9(s)|, s € I} forall ¥,6,5 € M. ltis worth noting that
(M, S) forms a complete S-metric space. In this context, one delves into
the investigation of the integral equation

1
I(s) = x(s) +/0 K(s,u)n(u,d(u))du, s € I, (7)

where, the functions n : I x R — R and x : I — R are continuous, and
K :Ix1 — R{ is a function satisfying K(s,-) € L'(I) for all s € I. One
examines the mapping I' : M — M, which is defined as follows:

1
L'(9)(s) = x(s) + /0 K(s,u)n(u,d(u))du, s € 1. (8)

Theorem 4. Equation (8) has at least one solution in M, if for all v € I and
a,b € R, there is

1
In(u,a) —n(u,b)| < Z(\a —Ta|+ |a—=Tb|+ |b —Tal), forallue I,

followed by the assumed inequality
1
sup/ K(s,u)du =106 < 1.
sel Jo
where 6 is a fixed constant.
Proof. Note that finding a solution of (7) is equivalent to finding ¥* € M that

is a fixed pointof I'. Now let 4,8 € M, on account of the above inequalities,
one finds that

T()(s) — T(B)(s)| = /0 K (s, )i (s 9(us)) — (s, 6(us))} s

1
< /0 K (s, w)da - 17, 9(u)) — (s, O(20)|
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1
< /0 K(s,u)du - %(\19(5) —T9(s)| + [I(u) = T(0)(w)] + [0(u) — T'(9)(u)])
S(®,9,19) + S(v,9,16) + S(6, 6, m))

— S(I'9,I9,10) =6 - <

4
<6 M(9,9,0)
S(,ﬂ’ 07 5)7 5(19719,1—‘(19))+S(9,%F(9))+S((5,5,F(5)) ,
where M (9,6,6) = max S(8,0,0(0))+S(6,0,06)+5(5,6,00)
4

Hence, it is derived that

S(I'0,T9,T9) < (1 — )M (9,9,0) + (6 + (¢ — 1))M(9,9,6)

d
S(8,9,0), SEIALON+SEI.L)+56.9,0(0))
ax » Y 9 ,

S(1—€)M(?9ﬂ979)+5<1+5_1>'

=

3
S(9,9,0(9))+S(9,9,00)+S(6,0.19)
1

<(1—e)M(¥,9,0) + des max{”ﬁ” + 9] + 161, 4||19|I+2H9H+32||F19||+||F9||}
< (1= 2)M(0,9,0) + dees ' [L+ 2/|9] + 6] +2]T9]| + |06

forallu € I'and 4,6 € M. Hence, I is an S-Pata type Zamfirescu mapping
with A = §,a = 1,8 = 1 and ¢(e) = £'5". Therefore, one deduces the
existence of ¥* € M such that ¥* = I'9* that is ¥* is a solution of integral
equation (7). O
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CAMPO: matematicas
TIPO DE ARTICULO: articulo cientifico original
Resumen:

Introduccién/objetivo: Las asignaciones tipo Pata y Zamfirescu
se extienden mas alla de los espacios métricos.

Meétodos: Se emplea el concepto de mapeo de Zamfirescu tipo
Pata en el marco de espacios S-métricos.

Resultados: Se han establecido una serie de resultados corres-
pondientes. Ademas, los resultados obtenidos se emplean para
resolver una ecuacion integral.

Conclusion: Los mapeos de tipo S-Pata y Zamfirescu tienen pun-
tos fijos unicos.

Palabras claves: contraccion tipo Pata, mapeo de Zamfirescu,
espacio S-métrico, punto fijo.

OToGpaxeHns 3amdupecky B ycnosusx Tuna MNaTta:
pe3ynbraThl U IPUMEHEHNE B UTErparnbHbIX YpaBHEHUSAX

Jun Yaun?, FOmHam Poan®?, Hukona ®abuaHo®
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& HauunoHanbHbIn TeXHONMorMyYeckmin MHCTUTYT Manunypa,
HenaptameHT matematuku, r. Umdpan, Pecnybnuka NHaous

5 YuueepcuteT Manunypa, [lenaprameHT matemaTukm,
r. Mmdpan, Pecnybnvka MHaus

® Benrpaackuii yHuBepcuteT, HCTUTYT sigepHbIX MccreaoBaHuii
«BuH4ya» - MHCcTUTYT rocygapctBeHHOro 3HaveHuns ansa Pecny6nvku
Cepbus, . Benrpag, Pecny6nuka Cepbusi, koppecnoHAeHT

PYBPUKA TPHTW: 27.25.17 MeTpudeckas Teopus dyHKUMN,
27.39.15 JlnHelrHble NpoCTpaHCTBa,
cHabeHHble Tononorven,
NopsiAKoOM 1 ApYrMMK CTPYKTYpamu
BWO CTATbW: opurinHanbHasa Hay4Has ctaTbsi

Pesrome:

BeedeHue/uyenb: OmobpaxeHuss muna [Nambi u 3amgbupecky
8bix00sim 3a rpedesibi MEMPUYECKUX MpocmpaHcms.

Memodbi: B cmambe npuMeHsiemcs KOHuenuyusi omobpaxe-
Husi Bamebupecky muna lNambl 8 pamkax S-mempuyeckux npo-
cmpaHcme.

Pesynbmamel:  Bbin nodmeepxdeH pssd coomeemcmayouux
pesynbmamos. [lony4yeHHble pe3yrnbmamsl Obiu UCO0/Ib308a-
Hbl 8 peweHUU UHmeaparbHbIX ypasHeHUU.

Bbigodsi: OmobpaxeHusi muna S-Pata u 3amgupecky umerom
YHUKaIbHbIe HENMOOBUXXHbIE MOYKU.

Knrouvessie criosa: cxamue muna lNambi, omobpaxeHue muna
Bamabupecky, S-mempuyeckoe npocmpaHcmeo, HernodeuxHas
movuka.

3amdmpecky npecnukaeara nog ycrosvma Tuna lMara:
pe3ynTaTi U NpuMeHa Ha UHTEerpanHy jeaHauvHy

[un Yang?®, Jymram Pynn®?, Hukona ®abuaHo®

& HauunoHanHu MHCTMTyT 3a TexHonorujy Manunypa,
Opcek matematuke, Mimcdan, Manunyp, Penybnuka NHauja

6 YHusepauteT Manunypa, Ogcek matematuke,
Wmdan, Manunyp, Penybnuka NHagwnja

® YHuBepauteT y Beorpagy, MHCTUTYT 3a HykneapHe Hayke "BuH4ya” —
HauuwoHanuu nHctutyT Peny6nuke Cpbuje, beorpag, Penybnuka
Cpb6uja, ayTop 3a Nnpenucky

OBJIACT: matemaTtuka

KATEFOPWJA (TWM) YNAHKA: opurMHanHu Hay4Hu pag
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Caxxemak:

Yeod/yurs: lNpecnukasara muna Nama u 3amgupecky cy npo-
wupeHa usgaH Mempu4Kux npocmopa.

Memode: lNpumerseH je KoHuenm 3amgupecky npecriukasara
muna lNama y okeupy S-mempu4Kux npocmopa.

Pesynmamu: YmepheH je Hu3 odzosapajyhux ucxoda. 3amum
cy ce 0obujeHuU pe3ynmamu Kopucmusu 3a pewasare uHme-
epariHe jeOHaquHe.

Bakrbyyak: lNpecnukasara muna S-llama u 3amgupecky umajy
JjeOuHcmeeHe HeroKkpemHe madke.

KrbyuHe pequ: koHmpakyuja muna lNMama, npecnukasare muna
3amepupecky, S-Mempu4KU IPOCMop, HerNoKpem+a madka.
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Abstract:

Introduction/purpose: The significance of studying voting behaviour is
underscored by its ability to gauge the continuity or divergence of electoral
politics from historical trends, elucidating the real impact of the
transformative ballot box, and contributing to the examination of democracy
as a value among both masses and elites. Additionally, it aids in
comprehending the intricate process of political socialization.

Methods: An inherent strength of the rough set lies in its reliance solely on
raw data, devoid of external inputs. The decision-theoretic rough set
framework, an evolution of the rough set, has garnered widespread
application across diverse domains, serving as a proficient tool for acquiring
knowledge, particularly in navigating situations marked by vagueness and
uncertainty. Despite the proliferation of mathematical models designed to
discern people's voting behavior, a decision-based rough set
recommendation remains noticeably absent in existing literature. This
paper introduces an innovative three-way decision approach grounded in
linguistic information for identifying voting behavior. The proposed approach
is based on a hybrid probabilistic rough fuzzy model incorporating linguistic
information and providing insights into voting patterns.

Results: The three-way decision hybrid models are tested on people and a
highly satisfactory result was achieved for identifying their voting
behaviours. The justification of results was validated through the
mathematical process.

Conclusion: A practical illustration is provided to highlight the importance of
this hybrid model and to confirm its usefulness in identifying and forecasting
voting behaviour.

Keywords: linguistic term, rough set, fuzzy set, three-way decision,
voting behaviour.
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Introduction

The fuzzy set and the rough set are two different but complementary
approaches for modelling uncertainty and vagueness in knowledge
(Dubois & Prade, 1990; Wong & Ziarko, 1987). Zadeh (1965) introduced
fuzzy sets to handle uncertainties in datasets. Pawlak (1982) proposed the
concept of a rough set. The main advantage is that each one is potentially
able to deal with two different types of uncertainty, vagueness for fuzzy
sets and indiscernibility for rough sets. Equivalence relation generates the
indiscernibility between objects. In rough sets, crisp sets are approximated
using equivalence classes which also allow us to eliminate irrelevant
attributes. In the fuzzy set theory, indiscernibility between objects is not
used, which may be considered as a class with unsharp boundaries. Each
of these concepts appears to have its own set of constraints and
limitations.

Deviation and extension are two views that provide distinct
generalizations of rough sets from the classical set theory. For interpreting
rough sets and fuzzy sets, Klir (1994) compared the roles played by non-
classical logic which are both extension and deviation of classical logic. In
the framework of the set theory, it can be achieved with the combination
of arough set and a fuzzy set. An extended notation of a rough set, namely
a rough fuzzy set can be obtained by introducing upper and lower
approximations in fuzzy sets (Yao, 1997). Alternatively, by replacing an
equivalence relation with a fuzzy similarity relation, one can get a fuzzy
rough set. By interpreting the membership function in terms of conditional
probability, one can treat a rough set as a special class of fuzzy sets (Wong
& Ziarko, 1987). A salient feature of both models is that the theoretic
operators, interpretation, and formulation of the membership function are
embodied in the theory. Moreover, rough set operators are not truth-
functional.

When a rough set and a fuzzy set are put together in a hybrid model,
these offer a robust framework to deal with any kind of uncertain,
incomplete and complex information. In many contexts, it enhances the
guality of the decision-making process. The combination of the rough set
and fuzzy set theories has been successfully applied in expert systems,
data mining, knowledge acquisition, process control, etc. Using the rough
set theory, Sharma et al (2018, 2022) developed various hybrid methods
to create decision rules useful for real-world problems. Pal & Kar (2019)
represent time series forecasting for stock market prediction through data
discretization by fuzzistics and rule generation by the rough set theory.
Tufail et al (2022) proposed a novel multiple attributes group decision-
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making algorithm with the combination of a rough set and a bipolar soft
set. Saglain & Saeed (2024) unravelled the power of similarity measures
in multi-polar interval-valued intuitionistic fuzzy soft sets.

Research in multiple attribute group decision-making problems using
fuzzy sets, rough sets, and soft sets has increased in recent years
(Gurmani et al, 2023). Donbosco & Ganesan (2022) proposed a rough
neutrosophic matrix and its application to the MCDM problem for selecting
the best building construction site. Narang et al (2023) introduced a fuzzy
extension of the MEREC method using a parabolic measure and its
applications. Zhan & Wang (2019) defined five forms of the soft covering
based rough set and described the relationship between soft rough sets
and soft covering based rough sets. Zhan & Wang (2019), Zhan & Sun
(2019) and Zhang & Zhan (2019) defined four different fuzzy soft g
covering based fuzzy rough sets and contributed fuzzy soft -coverings.
Yang (2022) proposed a fuzzy covering based rough set over a dual
universe as an extension of the single universe concept.

Motivation

The examination of voting behaviour typically relies on insights
derived from sample surveys, particularly when analysing patterns of
election results at the state or country level. However, such aggregated
data proves inadequate for scrutinizing individual voter dynamics. A
comprehensive understanding of the factors influencing voting
necessitates information on individuals, encompassing voting behaviour,
attitudes, beliefs, and personal characteristics. Recognizing the
impracticality of acquiring such data for every electorate member,
conventional practice involves sampling individuals from the population for
interviews. Subsequently, survey data undergoes processing and storage
conducive to computer-assisted analysis, focusing on elucidating and
providing insights into political opinions and patterns of electoral
behaviour.

Konlan (2017) introduced a case study in the volta region of Ghana
which provides some prediction for identifying voting behaviour. After
reviewing the related literature, it revels that some key attention is required.
Several scholars have made several approaches to improve the
identification of voting behaviour. But their response and effort did not give
convincing results. Lees-Marshment (2019) argued that the growing mixed
findings are worth scholarly attention as they may lead to poor policy
implementation and missed guidance. Bukari et al (2022) introduced the
role of social media in the determination of voting behaviour.
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The literature review shows that identifying voting behavior is not
adequately represented by any existing mathematical framework. This
paper delves into the realm of voting behaviour identification, utilizing fuzzy
logic, the rough set theory and its expanded applications, including
probabilistic rough sets and decision-theoretic rough sets. The objective is
to develop a three-way decision model for distinguishing voting behaviour,
informed by linguistic data, concerning attribute values. In instances where
individuals may not provide precise quantitative descriptions, opinions are
expressed using linguistic terms such as "not so good," "good," or "very
good."

Neutrosophic logic is also used to deal with incomplete and
indeterminate data. The neutrosophic determinacy component (truth,
falsehood) and the indeterminacy component exhibit symmetry as the
falsehood and the truth look the same and they behave in a symmetrical
way with respect to the indeterminacy element which provides a line of
symmetry. Sometimes it seems that neutrosophic logic is more generic
than fuzzy intuitionistic logic. When it comes to real life scenarios, there
are so many cases where intuitionistic fuzzy logic seems more logical than
neutrosophic logic. Consider a following situation in neutrosophic logic.

(T.LF):(1,1,0),(1,0,1), (2,1,1), (0,0,0), (0,2,1)

Such a situation is not possible in a real life scenario. But such a
scenario will not appear in intuitionistic fuzzy logic.

The main aim of this paper is to contribute some knowledge by
proposing a hybrid fuzzy rough empirically testing model which deals with
the voting behavior of people in political marketing in India. As a way
forward measure, we have introduced a fuzzy logic operator in the model
to examine the intention of the voting behaviour of people based on their
linguistic information. With the right kind of implementation of our model,
political parties can improve their electoral outcome.

Background and research issues

This section provides a succinct overview of the key concepts in the
rough set theory, specifically the classical rough set proposed by Pawlak
(1982), the probabilistic rough set, the three-way decision based on the
probabilistic rough set, and the decision-theoretic rough set model
grounded in the Bayesian decision-making process (Hu, 2014; Ziarko,
1993; Yang & Yao, 2012; Yao & Wong, 1992; Yao & Deng, 2014).
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Classical rough set

For an information system m = (7, B,V, ). t is a finite and non-empty
set of objects called the universe. B is a finite set of attributes. V is a set of
the values with ¢: TxB—V as an information function.

Subsequently, for any F < B, the indiscernible relation IND (F) on tis
denoted as

IND(F) = {(x,y) € T X7|f(x) = f(¥),Vf € F}

Clearly, IND (F) is the equivalence relation on 7. Hence, it leads to a

partition of .

For anyY c 1, the lower and upper approximations of Y are shown
below.

Apr(Y) = {(x € 1l[y] € Y}

Apr (V) ={x €t|[y]nY # 0}
It can further be partitioned into three disjoint regions such as:

POSITIVE (Y) = Apr (Y)
BOUNARY (Y) = Apr (Y) — Apr (Y)
NEGATIVE (Y) =t -Apr (Y).

Hence, if y € POSITIVE (Y), then y belongs to the concept Y for sure.
If ye NEGATIVE (Y), then y certainly does not belong to Y. If
y € BOUNARY(Y), then y may or may not belong to Y.

Probabilistic rough set theory with a three-way decision
framework

While classical rough sets offer distinct decision regions, they struggle
with making decisions for the majority of objects. Addressing this limitation,
Wong & Ziarko (1987) introduced the probabilistic rough set model, aiming
to reduce the boundary region and expand the positive and negative
regions. This adjustment relies on the threshold values.

Let < 7, E, P > be a probabilistic approximation space, where P is the
probabilistic measure defined on any subset of the universal set . Then
for any y € Y, an overlap between the equivalence class [y] and the set Y
is defined in the form of conditional probability as

Y nly]
Pr(YIlyD) = Z,

where |. |denotes the cardinality. D
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Using the threshold pair (a,f) with0 <§ <y <1, the lower and
upper approximations of the concept Y are defined as follows:
Apriy,s (V) =y € Pr(Y|[yD) = v}
_ =U{y]eY/E:Pr(Y|[y]) Z v}
Apriy,s (V) ={y € : Pr(Y|[y]) > 6}
=U{ly] eY/E: Pr(Y|[y]) > 6}

Based on (y, §) - the lower and upper approximation, the probabilistic
three-way decision regions are given by

POS(y,5) (Y) = Apriy,s) ()

={yenprri¥YiyD =y} (2)
NEG(ys) (Y) = T\ Aprys) (Y)

={yen:Pr(Y|[y]) <6} 3)
BND s (Y) = Apriy,s) (V) \ Apriy,s) (Y)

={yend <Pr(Y|[yD <v} (4)

The conditional probability of any object may be considered as a
confidence level which an object is having the similar description as y
belongs to Y. If Pr(Y|[y]) = v, i.e, the confidence level is greater than or
equal to y, then we accept y to be in Y, the same is rejected to be in Y if
the confidence level is lesser than or equal to 6, i.e., Pr(Y|[y]) < 6. 1f 6 <
Pr(Y|[y]) <y, then the decision about y to be in Y may be deferred. For
y =1 and é = 0, the probabilistic rough set model coincides with the
classical rough set model. For y = §, one can get the probabilistic two-
way decision model.

Decision-theoretic rough set

The probabilistic rough set model faces challenges in determining the
threshold pair (y, ). To overcome this, the decision-theoretic rough set
model emerges as a straightforward application of the Bayesian decision
theory. This model provides a systematic procedure for threshold
parameter determination, offering a practical and theoretical foundation for
probabilistic rough set applications for a given object y €Y.

Letm={e;,e3,€3, ccocerrrnn. ,em} be afinite set of m possible states
and £ ={bq, by, b3 , ......... , b} be a set of possible actions. Hence, an
m X n, matrix of the loss function can be constructed. If the object is in the
state e,, then u(by| e,) represents the loss for selecting the action b, and
P(e,|ly) represents the conditional probability of y belongs to the state
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e,-.When the action b, is taken for the object y, the expected risk involved
with the action b, is shown next.

G(bkly) = 271 u(bk| er) Pr(er]y).

Let Y < 7, then with respect to Y, a set of two states, = = {Y¥, Y} can
be constructed and the set of actions is given by A ={ bp,by,bg} Where bp
represent the action for classifying an object y € POSITIVE (Y), by
represent the action for classifying an object y € NEGATIVE (Y) and bg
indicate the action for classifying an object y € BOUNDARY (Y).Thus, a
3 X 2 matrix of loss function can be constructed as shown in Table 1 where
u(bp/Y) =ppp, u(by/Y) = uyp and p (bp/Y) = ugp represent the loss
incurred for taking the action bp,by,bg, respectively, when an object
belongs to Y. Similarly, u (bp/Y€) =upy, p (bn/Y) = unn, 1t (bp/Y€) = upy
represent the loss incurred for taking the action bp,by,bg, respectively,
when an object belongs to Y*.

Now, the expected losses for taking different actions when the objects
are in [y] can be written as

G (bp/[y]) = upp Pr (Y/[y]) + upnPr (Y</[¥])

G (bg/[y]) = ugp Pr (Y/[y]) + usn Pr (Y</[¥])

G (bn/[y]) = e Pr (Y/[y]) + pwn Pr (Y</[y])

Now, applying the Bayesian decision procedure, the following rules
associated with minimum risk are obtained:

(P):1f G (bp/[y]) <G (bs/[y]) and G (bp/[y]) <G (by/[y]), then decide
y € POSITIVE(Y).

(N): If G (by/[y]) <G (bg/[y]) and G (by/[y]) <G (bp/[y]), then
decide y € NEGATIVE (Y).

(B): If G (b/[y])<G (by/[y]) and G (bg/[y]) <G (bp/[y]), then decide
y € BOUNDARY (Y).

In order for each object to be classified into only one region, the
tribreaker rule should be considered. The loss function inequality is
considered as

tpp < pUpp< yp aNd piyy < pgy< ppy, With

(unp — tp) (Hpn — Hpn) > (sp — tpp) (Han — HNN)

Under the special condition of the loss function, the decision rules (P-
R), (N-R) and (B-R) can be formulated as follows:
(P-R): If Pr (Y/[y]) 2 v, then y belongs to POSITIVE(Y). (5)
(N-R): If Pr (Y/[y]) £ &, then y belongs to NEGATIVE (Y). (6)
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(B-R): If 5< Pr (Y/[y]) <y, then y belongs to BOUNDARY(Y), @)
where the threshold a and g are given by
y = (upn—tBN) (8)
(upn—usN) + (MBp—UPP)

(UBN—HUNN)
"~ (un—uNN) +(UNP—HBP) ©)

The parameters y and § denote the regions and show the associated
risk in classification. The parameter y makes a division between the
positive region and the boundary region. The parameter § similarly creates
a division between the boundary region and the negative region.

The parameters of the decision-theoretic rough set model are derived
methodically from loss functions, providing a theoretical foundation and
practical interpretation for the probabilistic rough set. This approach is also
readily applicable to real-world problems involving profit, loss, cost, risk,
and other variables.

Fundamentals of the fuzzy set theory

The fuzzy set theory was first presented in 1965 by Professor L.A.
Zadeh (1965) as an expansion of the classical set theory. Uncertain
boundaries are accommodated by fuzzy sets which use linguistic variables
to describe imprecise concepts. Fuzzy sets have thus evolved as a
substitute approach to handling uncertainty (Klement & Schwyhla, 1982;
Mazandarani et al, 2018; Sugeno, 1985; Wu & Xu, 2016; Pawlak, 1985).

The theory introduces the notion of a membership function, assigning
elements a degree of membership within the interval [0, 1]. Let Y’ denotes
the universe of discourse and mg (y) is the membership function for fuzzy
sets Q; then, mg (y) maps each element of Y to the interval [0, 1], i.e.

mg (¥): Y — [0, 1].

Henceforth, the set Q defined on Y is further obtained as Q= {(y,mg
() | y€Y}. In case of an example, let Y = {y;,y,,¥3, V4, 5 } be the
reference set of students and Q be the reference set of “smart” students,
where “smart” is fuzzy term and represented by

Q ={(y1, 0.6), (v, 0.7), (¥3, 1), (v4, 0.5), (y5, 0.3)}.

Here, Q indicates that the smartness of y,is 0.6, y, is 0.7, etc. As a
result, the membership function gives an indication of how similar an
element is to a fuzzy set. Since the membership function is unique to each
assessor or group of assessors, it is evidently subjective. In such case, for
each y €Y, the assessor is able to find an mg (y).
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For a crisp set, the membership function can be obtained as follows:
(1, ifyeQ
e (y)_{O, ify ¢ Q
It shows that the crisp set has sharp boundaries, but the fuzzy set
contains vague boundaries.

Basic terminology in the fuzzy set

1.u-cut: A fuzzy set defined on Y and any number u € [0, 1], the u-cut
is the crisp set Q,= {ylmg (y) = u} and a strong p-cut is the set Q. =
lmg ) >}

2. Level set of Q: All possible levels p € [0, 1] that represent distinct
u-cuts of the associated fuzzy set Qis denoted as a level set of Q.

L(Qu) = {lmg (v) = u}, forsome y €Y.

3. Support: For the fuzzy set Q, its support is a crisp set defined as s
(@) ={ylmg (vy) 20}.

4. Normal and subnormal fuzzy sets: The height of the fuzzy set is the
maximum value of the membership degree of any fuzzy set. When the
height is 1, the fuzzy set Q is normal and subnormal in the case of its height
being below 1. The core of a fuzzy set are those y for which mg(y) = 1.

5. Convex fuzzy set: In the case of the fuzzy set, 4 is convex if mj (r
1) + (1 =1) (r2)) 2 min {mg (1), mg(r2)} y1, 2 €Y, r €0, 1]. )
6. Cardinality: In the case of a finite fuzzy set Q, the cardinality |Q| is

defined as [Q| = X, ey mg (y)and ||Q]| = % is called relative cardinality of
Q.

There are numerous definitions available for fuzziness measurement.
These facts are discussed in Dubois & Prade (1982), Klement & Schwyhla
(1982) and Sugeno (1985).

Elementary operations with the fuzzy set

Let Q,Wdenote distinct fuzzy sets, then they are equivalent if mg(y)=
my (y) Vy €Y and Q € Wif mg(y) <mgy (v) \VyeY

1. Union:T = QUW where, T= {(y,mz(»))} and, mz(y)= max {ms(y),
my (V))}- o _

2. Intersection: H= QN Wwhere, H = {(y,mgz(y))} and mg(y)= min
mg), mw O

3. Complement: Q¢= {(y,mgc(y)} where, mge(y)=1 - mg(y).
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Significance of the fuzzy set

By measuring fuzziness, fuzzy sets provide a useful framework for
expressing ambiguous ideas in plain language and
addressing uncertainties. Fuzzy variables enable gradual transitions
between states, providing a means to express and manage observation
and measurement of uncertainties. The Bayesian decision framework may
include fuzzy choice objects in the set of states of reality, enabling the
creation of decision rules based on a 3x4 matrix of loss functions.

Remark 1: If there are fuzzy decision objects in the set of states of
reality, suppose V = {G, H, |, J} where G, H, |, Je F(t) and satisfy G(y) +
H(y) + I(y) + J(y) = 1 for any yet . Here, F (1) is a set of all fuzzy subsets
of T and a set of actions A = {bp,by,bg}, then we can formulate a 3x4 matrix
for all the values of the loss function. Based on the loss function inequality,
one can formulate Bayesian decision rules.

Operation on a linguistic variable

A variable whose values appear as words or phrases in a natural or
artificial language is called a linguistic variable. Words and phrases that
are obtained through qualitative or quantitative reasoning are included in
these values; they are frequently linked to fuzzy or probabilistic systems,
see Deng & Yao (2014), Xu (2005), Pawlak (1985), Zadeh (1965), Klir &
Yuan (1995) and Chakraborty (2011).

LetM={k,Ja=0,1,.....} be atotally ordered discrete term set. In
this case, r+1 is the granularity of the set M. As the M is totally ordered,
the law of tracheotomy is operated on it, i.e.,kq 2kg, ko< kg, ko= kgiff a 2
B, a < B, a=p, respectively.

The linguistic term set with the symmetric subscript M = {k | a =
-r,....,,—1,0,1,....r}is also present. Here, 2r + 1 denotes the granularity
of M and k, represents an assessment of fairness. k_, and k. are the lower
and upper limits. In the case of the example below:

M = {k_5 = very bad, k_,= bad, k_,= slightly bad, k,= fair, k,= slightly
good k,= good, k3= very good}.

The discrete term set M can further be extended to the continuous
term set M* = { k;| k_.< k_; < k., A € [-r, r]} where k; of M*are the same
as k,of M for A = a.

In M*, index of any term denotes the degree of the term. So, we define
a real-valued function from M*as follows:

M*={k, | k_<k_; <k, A € [, r]} be a continuous linguistic term set

J: M* - [-r,r] be areal-valued function where J(k;) = A for any k,eM™.
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It deals with decision-making problems under uncertainty. When k; €
M, then k, is the original term, while A is the original index. In other words,
ky is the virtual term and A is the virtual term index. The decision maker
consistently employs the initial linguistic terms for assessing alternatives,
while the virtual linguistic term is solely applicable during operations.

In case of a continuous term set M*, for any k;,k,€M*and q, a;, a,€
[0, 1], the following operational laws hold:

(1) k;\ + kl»lz k}\i m

(2) aky= ke

() (ag+ag)ky =g ky + azky

(4) a (ky = k) = aky £ ak,,.

Three-way decision utilizing linguistic information

In this chapter, our main goal is to identify voting patterns using
linguistic term-based information pertaining to all attributes. This involves
addressing two key challenges:

() Computing the conditional probability for each individual
concerning the decision object, where the decision object encompasses
all individuals within the sample space.

(i) Determining the threshold values, denoted as y and 6, is crucial
for the lower and upper approximation, respectively, see Greco et al (2008)
and Pauker & Kassirer (1980).

In order to address the first challenge, a conceptual framework for
probability within a fuzzy event is introduced, specifically tailored to a
linguistic-valued attribute set. This framework enables a nuanced analysis
of voting behavior, considering the inherent linguistic expressions
associated with each attribute.

Definition Let Q = {(y, mq ()) | yER"} is a real-valued fuzzy set. The
associated crisp probability of a fuzzy event is denoted as P (Q)
=2y mo(WP).

Let Q, ={y | mq (y) 2 v}, then the fuzzy probability of the fuzzy event
is P (Q)={(P (@, ¥) | vel0 1]}

Linguistic-valued framework for the information system

Linguistic variables provide the attribute values in an information
system. Consider a linguistic-valued information system as follows:

©1(y1,a1) = k_3, 01(¥2,a1) = k1, ©1(y3,a1) = ko,

@2(V1, 2) = k1,92(y2, az) = k_3, 92(¥3,02) = k4,

©3(v1,a3)= ko, 93(v2,a3) = kz, @3(vs3,a3) = k_q,

@4(V1,a4) = k2, 94(y2,a4) = ko, 94(y3,04) = k_;
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In a table, the information system can be represented as follows:

Table 1 — Linguistic valued information system

UA| a4 a, as ay
)1 k_3 kq ko ky
Y2 kq k_, k; ko
V3 ko ky | kg | kp

In case of a fuzzy set B having membership valuemg (y,) = 0.5, mg
(v,) = 0.7 and mg (y3) = 0.8 and the probabilistic measure P denotes as
P(y;) = 0.2, P(y;) = 0.3 and P(y;) = 0.5 Then, P(B) = Y}, m(y,) P(y;) =
05x%x02+0.7x03+0.8x0.5=0.71.

Next, the associated real-valued function can be defined as below.

Z: M- [0, 1]

Z (ky) =152 (10)

where r is the total number of terms in M.

For the symmetric subscript linguistic set Z: M*= — [0, 1] by

k) = J(k_r
ya (kl) = W (11)

Here, Z (k;) is a continuous mapping having transformation between
M*=and [0, 1].

Proposition

Let M*= {ky|k_, < k< k;, N € [T, r]} be a set of continuous linguistic
terms ‘Z’ is the transformation between M*and real-valued over [0, 1]; then

1.Z2(k_.)=0,Z(ky)=05,Z (k) =1

2. Zis an increasing function over M*

Proof (1): By definition Z (k) = 1221l

SO, Z (k_r) - ”(k—r)_](k—r)l - 0

2r
Z (k) = M) 100 10-Cnl 5

2r
Z (k) = k) —JCk-r)| _ [ r=(=7)I -1
2r 2r
(2): Let—r<A; sA,sr, then, k), 2k,

7 (kxz) - [(kay) = J(k—r)| — AZZ:r
Z (ky,) = Vo) ZJEDL _2tT o A, 21 SO >

2r 2r 2r 2r

Hence, Z (ky,) 2 Z (ky, ), sO, ‘Z’ can be considered as an increasing
function over M* . The middle linguistic label denotes an assessment of ‘in

A+ > Aq+r

616



difference’ and the transformation function Z (k,) can further be denoted
using Z (k,) as next.

Proposition

_J(k _ J(k
Z (k) =524 7 (ko) = 0.5+ £2
Proof:

— k) —J(k_r)l

Z (k) = ‘/\—r
= Jk) —J(k-r)

2r

_ Jk)+r _ J(kp) _ J(kp) _
= T—0.5+? —Z(k0)+7 [as Z (ky) = 0.5].

asAej-r,1]

Conditional probability in the linguistic valued information
system

Let D € F(r) and y € 7, then the conditional probability of D with
respect to y denoted by
2a; ead(DW).Z (9;(v.aj)))
)
P ®b) Yo, 2 (9;00a))
where A: [0, 1] x [0, 1] —[O0, 1] is a fuzzy logic operator (Klir & Yaun,
1995; Zadeh, 1965; Wong & Ziarko, 1987).
We define the fuzzy logic operator as A (X, y) = min (X, y).
Ya;eaDO) AN Z(@j(.aj)
=29
Thus, P (D) == @ o
We demonstrate this with an example from Table 1.

, V€T, for all attribute | (12)

,y € t,forall attribute | (13)

Let M == {k;| k_, < k< k;, A € [-4, 4]}
Zq,= Z (@1, (v2,a1)); Zq,= Z (@2, (¥2,a2)); Zq,= Z (@3, (y2,a3)); Za,= Z

(@4, (v2,a4))
Zaj eaA(D(2).Z (¢j(¥2.a))) Zaj eaD(2) A Z(9j(y2.a)))
P Olyy) = = o o
aj @;j(v2.a;) Za]- (pj(y2,aj))
_ D) ANzg +D(¥2) N 2q,+D(¥2)A 24,+D(y2) A zg,
- Vg, + Vay+ Vag+ Vay,
:0.7/\z(k1 )+0.7Az(k—3 )+ 0.7 Az(ky )+ 0.7 A z(kg )

z(kq)+ z(k_3)+ z(k3)+ z(ko)
_ 0.7A00.625 +0.7A 0.25 + 0.7A0.75 + 0.7A 0.5 _ 2.075 _ 0 976

0.625+0.25+0.75+0.5 T 2125

Clearly, P(D| y) satisfies the axioms of probability. We can now define
the lower and higher approximations with the aid of the conditional
probability of a fuzzy event with a linguistic description of the attribute.
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LetDeF(r)and0<6 <y <1andy €er, then
Apr, (D) ={y et |P (Dly)2v}
Aprs (D) ={y €| P (D|y)>é}.

Next, the three-way decision regions are as shown next (Hu, 2014):

a;eaDO) A Z(9;(a)_ "
TayeaZtoay oV (14)
a;eaDO) A Z(9;0)) _ 1
YajeaZ (@ja)) 8} (15)
Ya;eaD) N Z(0;(v.ap)
< 16
T eaz@oay 1 (16)
When the loss function is represented in terms of a linguistic form, the
function J is used to determine the threshold values y and d, thus resolving
the second difficulty. So, inequality in the loss function is:

X
POS(y 5y (D) ={y €1

2
NEG(y 5y(D) ={y €|

BND(Y’g)(D) ={y ET | o<

J (upp) = J (up) < J (unp) @nd J (pyn) < J (upy) < J (upy) With the
condition

{J (unp) = 3 (ugp)} % {3 (upn) =3I (Man)} > {3 (usp) — I (pp)} X {J (HaN)
= J (uvn)}

_ J (kpn) -J (1BN) _ J (ugp) -] (BpP) 11
Then = = {1+ 1HBP)"J\PPP)
en. y {J (upn) -J (kBN U (mBP) - T (PP)} { J (pn) =T (RBN) }
(17)
— J(kBn) -] (BNN) -1+ J (unp) -J (uBp) }.1
{J (uan)-T (bwn)3+ J (uwp) -J (uBpP )} ] (uBN) - T (BNN)

The parameters y and § define the regions and provide associated
risk for classifying an object.

Remark: The main focus is to identify the voting behaviour so that
political experts can choose the parameter values y and § on the basis of
their experience (Karni, 2009; Pauker & Kassirer, 1980).

Real life example

This section gives an example which illustrates the main idea of the
paper. Here, 26 people from four different age groups are considered and
their linguistic information about different attributes related to their voting
behaviour is collected. Using this linguistic information, a political party can
get a clear idea regarding the share of the vote.
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The voting behaviour in the Indian society is highly diversified in
nature and composition, influenced by multiple factors. These factors can
be classified into three categories: social, economic, and political. There
are also some other factors that make an impact on the electoral behaviour
in our society: (i) election campaign, (ii) candidate orientation, (iii)
habitation (urban or rural), (iv) factionalism (one of the main features in
politics from top to bottom levels), (vi) conditions of the economy at the
time of elections, such as inflation, food, unemployment etc, and (vii)
political events preceding an election like corruption, war, scandals, etc.

Considering all the above factors, here we select seven factors as
conditional attributes, namely A;, A4,,......... , A5, taking into account the
past history of a few elections as well as some burning issues related with
the coming election. In this example, we divide voters into four groups:
Group-I (age from 18 to under 30), Group — Il (age from 30 to under 45),
Group — Il (age from 45 to under 60), and Group — IV (age over 60). The
decisional attribute which we denoted by “C” indicates the vote share in
favour of the party. We consider different membership values for different
groups, which reflects that the electoral behaviour of different age groups
is different. For Group-I, the threshold is taken as y =0.8, § =0.7, for
Group-ll, the threshold is taken as y = 0.7, § =0.55, for Group-lll, the
threshold is taken as y = 0.4, § = 0.25, and for Group-1V, the threshold is
takenasy =0.3, 5 =0.2.

Due to the non-negative and discrete nature of the linguistic term
index in this case, we compute the values using equations (10), (11) and

(13) and make decisions by using values of1 — P(J%)rather than P(ﬁ). Let
P*(i) =1- P(?). Therefore, the region of acceptance (positive region) of
a three-way choice can be described as follows:

1. Region of acceptance (Positive region) = {y; | P*(i) >y}

2. Region of rejection (Negative region) = {yilP*(i) < 6}

3. Region of non-commitment (Boundary region) = {y;| § < P*(i) <y}

Here, the positive region indicates a confirmed vote share in favour of
the party, the negative region reflects a confirmed vote share against the

party, and the non-commitment region indicates that the vote share may
or may not be in favour of the party.
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Table 2 — Linguistic valued information related to the voting behaviour

People | Ay | Ay | A3 | Ay | A5 | 4¢ | A7 | C p(i) Lp(i)

Group

(‘) vi_ | ko | ko | ko | ki | ko | ki | ky | 0.1 | 0.25 | 0.75

(agefrom |y, ki |ky|ks|ko [ ko[ ks |ks 0L 020 [0.80
o

under 30) s ky | ks | ky | ks | kp | ky | k3 |01 | 0.17 | 0.82

Ve | ke | ko | ks | ko | ks | ko | Ky | 0.1 | 022 | 0.77
Ve | ks | ke | ky | ks | ko | ks | ks | 0.1 | 0.16 | 0.83
Ve | ki | ko | ki | ko | Kki| ko | ki | 01 | 0.40 | 0.60
(ii) v, | ko | ky | k3 | ks | ko | Ky | Ky | 0.15 | 0.37 | 0.62
(agefrom [y [k | ky | ks | ko | ko | ko | ks | 0.15 | 0.30 | 0.70
‘:’g(}gr ss) 2o ko [ ks [ka [ ks [ ks [ ks | ks [015[024 [075

Vio | ko | ks | ko | ks | ko | ky | ks | 015 | 0.26 | 0.73
Vi | ks | ko | ko | ko | ko | ko | ko | 0.15 | 0.48 | 0.52
Vi | ks | ko | ko | ko | ko | ko | ks | 015 | 032 | 0.67
(iii) Vis | ko | ko | ks | ko | ki | ko | ko | 0.35 | 0.85 | 0.15
Via | ko | ko | ko | ko | ko | ks | ko | 0.35 | 0.82 | 0.18
g‘;gg)ffom Vis | ks | ky | ky | ks | ky | ko | ks | 0.35 | 0.58 | 0.41
under 60) | Y16 | ka | ko | ki [ ko | ki | ko | ki [0.35]0.80 | 0.20
Vir | ks | ko | ks | ko | ko | ks | ko | 0.35 | 0.64 | 0.35
Vie | ks | ko | ko | ks | ko | ko | ks | 0.35 | 0.58 | 0.41
Vie | ko | ko | ko | ko | ky | ks | ko | 0.35 | 0.62 | 0.38
(iv) Voo | ko | ks | ko | ks | ky | ko | ky | 0.4 | 0.85 | 0.15
Age over Va1 ky | by | ko | ky | ki | ko | ko | 0.4 | 092 | 0.08
60 Vor | ka | ko | ko | ky | ko | ky | ks | 0.4 | 0.64 | 0.35
Vos | ks | ks | ks | ko | ko | ko | ky | 0.4 | 0.76 | 0.24
Vos | ks | ki | ky | ks | ks | ko | k, | 0.4 | 0.70 | 0.30
Vos | ke | ko | ks | ky | ky | ky | ks | 0.4 | 0.60 | 0.40
Voe | ko | ko | ks | ko | ks | ky | k, | 0.4 | 0.88 | 0.12

For Group G;: POSITIVE (G1) = {y2,¥3,¥5}, BOUNDARY (G;) =
{y1,y2} and NEGATIVE (G,) = {ye}-

For Group G,: POSITIVE (G;) = {yg Y9, Y10}, BOUNDARY (G,) =
{y7,¥12} and NEGATIVE (G) = {y11}-

For Group G;: POSITIVE (G3) = {yi5,Y18 }» BOUNDARY (G3) =

{¥17,¥10} @and NEGATIVE (G3) = {¥13, Y14, Y16}-
For Group G,: POSITIVE (G4) = {¥22, Y24, Y25}, BOUNDARY (G,) =

{23} and NEGATIVE (G4) = {¥20, Y21, Y26}
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Remark 1. The selection of a threshold is an important issue in a
three-way decision-making problem. There are a few methods to calculate
the threshold values. One of them is the Bayesian decision process which
we discussed briefly in this paper. Most of the time, field experts also select
the threshold values using their experience.

Remark 2: Here, we describe the calculation P (3%) for the people y,
as in Table 2.

Here, the granularity r = 5, using (13), we get
Ya;eaD(y2) N Z(9j(r2.a)))
P (clyz) =

Zaj Z(9;j(yz.a))

, Y€1, for all attribute |

D(y2) Nzg +D(¥2) A 2, +D(V2)A Za;+D(¥2) Az, +D(¥2) Azg +D(¥2) A Zg +D(V2)A 2zg,

Zgyt+ Zayt Zag+ Za,tZagt Zagt Za,

0.1 Az (k1 )+0.1Az(ky )+ 0.1 Az(ks )+ 0.1 Az(ky )+0.1 Az(kg )+0.1 Az(ky )+ 0.1 Az(k3)

z(k1)+ z(ky)+ z(k3)+ z(kp)+2(ko)+ z(k )+ z(k3)
_ 0.1A0.25+0.1A 0.5 + 0.1A0.75 + 0.1A 0.5+0.1A 0 +0.1A 0.25 + 0.1A0.75

0.25+0.5+0.75+0.5+0+0.25+0.75

=2°-0.20
3

Here, equation (10), Z (k;) = % is used for calculating z(k;).

Conclusion

In this paper, a three-way decision model based on linguistic
information of people is introduced to identify their voting behaviour.
Electoral behavior entails an understanding of the factors and reasons that
influence voting patterns. The proposed model addresses the research
task by seamlessly integrating the rough set theory and the fuzzy set
theory into linguistic information, offering a comprehensive approach. It
excels in handling complex datasets, providing valuable insights through
a computationally intensive yet effective methodology. A comparative
analysis based on age groups indicates that this method is more feasible
and effective compared to other approaches. When faced with numerous
predetermined cases and a large number of boundary regions, the hybrid
model proves advantageous by allowing the adjustment of the threshold
parameter, reducing the complexity associated with decision making and
facilitating a more efficient classification of cases into the specified regions.
The significance of the proposed hybrid model has been justified through
its application in a real-life scenario.

If political parties are faced with numerous predetermined cases and
a large number of boundary regions, the hybrid model provides a chance
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to get a favourable result in favour of political parties by allowing the
adjustment of the threshold parameters y and 6. It shows that the
determination of voting behaviour allows political parties to create an
environment for the voters to perform two distinct roles, evaluation of
performance and promote the development. It also provides a nice
relationship between the determination of voters’ behaviour variables like
the personality of a political leader, contingent situation, epistemic value,
etc., with the voting intention of people.

The adjustment of the threshold values for preferable results indicates
that the determination of the voting behaviour model may be considered
an important political party resource that can influence the intention of
voting behaviour by allowing the political parties to implement programs
and policies to meet the requirements and expectations of voters. Current
studies show that the effect of a linguistic valued information system hybrid
fuzzy rough model has individual preferences with variable specific values.
Hence, our model can be considered as an antecedent to voting intention.

Limitation

Like other research, this model is not without its limitations. The
limitation of the proposed model is that the integration of the rough set
theory and the fuzzy set theory may result in a computationally intensive
model, particularly when dealing with large datasets. Analysis methods
and alternative data collection such as longitudinal panel data, structural
equation modelling, objective performance, and importance-performance
matrix are for future studies to test this study’s model. For example, the
use of longitudinal data did not allow for examining the determination of
voting patterns over time. Future researchers should explore cross
sectional data to see the pattern of change in voting intentions over time
in different political environments. Furthermore, even though this study
does not segment the voter market and examine the effect of a specific
segment on the model, it would be interesting for future studies to look at
the nuances in specific segments and the effects in different contexts. If
the data is collected from first-time voters, it may not give proper results.
This study focuses only on Indian individuals. Although within a similar
context, when India shares some similar characteristics, a few notable
differences may appear in applying the hybrid model. Besides this
limitation, this hybrid model provides insightful theoretical and practical
implications in determining voting patterns.

Further, we may extend our studies beyond Indian politics, which may
consider how voters react in the determination of their voting intentions.
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For further studies, it would be more interesting to examine the effect of
the proposed model on a specific segment of the voter market. Future work
should refine the model, considering additional linguistic variables and
exploring its application in diverse domains beyond voting behavior
analysis. Future research could further focus on refining the hybrid model
by exploring advanced machine learning algorithms, enhancing rule-
based system interpretability, and developing mechanisms for dynamic
rule adaptation.
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Resumen:

Introduccién/objetivo: La importancia de estudiar el comportamiento
electoral se ve subrayada por su capacidad para medir la continuidad o
divergencia de la politica electoral con respecto a las tendencias historicas,
dilucidando el impacto real de las urnas transformadoras y contribuyendo
al examen de la democracia como un valor entre masas y €lites. Ademas,
ayuda a comprender el intrincado proceso de socializacion politica.

Métodos: Una fortaleza inherente del conjunto aproximado radica en su
dependencia Unicamente de datos sin procesar, desprovistos de insumos
externos. El marco de conjunto aproximado de teoria de decisiones, una
evoluciéon del conjunto aproximado, ha obtenido una aplicacién
generalizada en diversos dominios, sirviendo como una herramienta
competente para adquirir conocimientos, particularmente en situaciones
marcadas por la vaguedad y la incertidumbre. A pesar de la proliferacion
de modelos matematicos disefiados para discernir el comportamiento
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electoral de las personas, una recomendacion aproximada basada en
decisiones sigue notablemente ausente en la bibliografia existente. Este
articulo presenta un innovador enfoque de decision de tres vias basado en
informacién linglistica para identificar el comportamiento electoral. El
enfoque propuesto se basa en un modelo probabilistico hibrido aproximado
y difuso que incorpora informacion linglistica y proporciona informacion
sobre los patrones de votacion.

Resultados: Los modelos hibridos de decision de tres vias se prueban en
personas y se obtuvo un resultado altamente satisfactorio para identificar
sus comportamientos electorales. La justificacibn de resultados fue
validada mediante el proceso matematico.

Conclusion: Se proporciona una ilustracion practica para resaltar la
importancia de este modelo hibrido y confirmar su utilidad para identificar y
pronosticar el comportamiento electoral.

Palabras claves: término linguistico, conjunto aproximado, conjunto
difuso, decision triple, comportamiento electoral.

MMOPUAHLIN NOAXOA NPUHATHS PELIEHUI C HEYETKUM U rpyObIM
MHOXeCTBaMu, MPUMEHEHHbIN K MUHIBUCTUYECKUM AaHHbIM AN
aHanuaa MoJenu rofiocoBaHus

CaHoun Mapxympaap, Camapdxum Kap, koppecnoHOeHT

HaunoHanbHbIA TeXHONOrMYecknii MHCTUTYT [ypranypa, AenapTaMmeHT
MaTtemaTtuku, Oypranyp, 3anagHas beHranus, Pecny6nvka NHans

PYBPUKA TPHTW: 27.47.19 ViccnepgoBaHue onepauun,
28.17.31 MogenvpoBaHue nNpoLeccoB yrnpaBneHus
BWO CTATbW: opurmHanbHas Hay4Has ctaTbsl

Pesrome:

BeedeHue/uenb: WccnedoesaHue noesedeHus usbupamenel umeem
B8aXKHOe  3Ha4YeHue, [1OCKOMIbKY OHO  [0380/75em  u3Mepumsb
nocmosiHHocmbe u3bupamersibHOU MOMUMUKU, a Mmakxe OMKI/IOHeHUe
GaHHOU MOMIUMUKU OmM  UCMOPUYECKUX meHOeHyul, ObbsCHSAsA
pearnbHoe enusiHue rnpeobpasyoweaocs usbupamenbHoO20 sAWuKa, U
gHocum eknad 8 usyvyeHue OeMoKpamuyeckol UeHHOCmu kKak cpedu
macc, mak u cpedu anum. Kpome mozo, amo crnocobcmeyem
MOHUMaHUIO CII0XKHO20 fpouecca nonumuyeckol coyuanuzayuu.

Memodei: lNpeumyuiecmeo epybbix MHOXeECMmS 3aK/iro4yaemcsi 8 mMom,
4mo OHU rosia2aromcsi UCKIIYUMesbHO Ha HeobpabomaHHble O0aHHbIe
6e3 kakux-nubo eHewHux enusHul. Cmpykmypa epybbix MHOXecms
O0r19 meopemuyYecKkoao MPUHAMUS peuweHul Kak ssosiroyust epyboeo
MHOXecmea obecriequna WUPOKOe [PUMEHEHUE 8 pPa3/luYHbIX
obnacmsix 8 kayecmee ycriewHo20 UHCMpyMeHma npuobpemeHusi
3HaHul, o0cobeHHO 8 cumyayusix, Kozada  fpucymcmeyom

627

Majumnder, S. et al, Utilizing a hybrid decision-making approach with fuzzy and rough sets on linguistic data for analyzing voting patterns, pp.605-629



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 2

HeysepeHHOCMb U HeornpedenieHHocmb. Hecmompsi Ha 6onbuioe
Konuyecmeo Mamemamudeckux moodernel, pa3pabomaHHbIx Ons
obbsicHeHuUsi  noeedeHusi  usbupamenel, 6  cyuwecmsyowel
Jlumepamype s18HO omcymcmeyem pekomeHdayusi 06 ucrnonb308aHUU
2pybbix MHOXecme, OCHOBaAHHbIX Ha MpuHAMuUU peweHuld. B amod
cmambe npedcmassieH UHHOB8AUUOHHBbIU mpexghakmopHbIl nodxod K
MPUHAMUI peweHuUl, 0CHO8aHHbIU Ha JIUH28UCMUYECKUX OaHHbIX, C
uernbro ebisienieHuUs1 nosedeHusi usbupamened. lNpednasaemsiti nodxod
OCHOBaH Ha 2ubpudHoU eseposimHocmHoU 2pybol modesnu u modenu
HeYyemko20 MHOXecmea, KOmopble 6K/Yarm uHaeucmu4yeckKue
OaHHble u Garom ripedcmasrieHue o MoOesisiX 20/710CO8aHUS.

Pesynbmamebi:  Tpex¢hakmopHbie 2ubpudHble Modenu npuHamMus
peweHul 6binu  npomecmuposaHbl Ha mModsax u Oanu eecbma
ydoenemeopumersibHble  pe3ynbmamsbl  [Apu  onpedeneHuu  ux
u3bupamersnbHoeo rogedeHus. [lonyyeHHbie pe3ynbmamsbi  OblIu
nodmeepx0eHbl MamemMamu4ecKUM MemodooM.

Bbigoldbl: [Npumep u3 npakmuku rnod4depkusaem axHOCmb 3moul
2ubpudHoul modenu u nodmeepxdaem ee rof1e3HOCMb 8 8bIS8IEHUU U
rpoaHo3uposaHuu nosedeHusi usbupamened.

Kntouesble crnoea: nuHzeucmuyeckul mepmuH, 2pyboe MHOXecmeo,
Heyemkoe MHOXecmeo, mpexgakmopHoe peuwleHue, rnogedeHuUe
usbupamernisi.

XubpuaHu NpucTyn oanyYmBary ca gasu 1 rpybum ckynosuma
3aCHOBaH Ha NMUHIBUCTUYKMM NodauumMa pagm aHanuanpana obpasava
rnacama

CaHdoun Mahympap, Camapyum Kap, ayTop 3a Npenucky

HaunoHanHu nHcTuTyT 3a TexHonorunjy Qypranyp, lenaptmMaH 3a matemaTtuky,
Oypranyp, 3anagHu bexran, Penybnvka MHaovja

OBJIACT: matemaTuka, payyHapcke Hayke
KATEITOPWUJA (TWUM) YITAHKA: opyruHanHu Hay4Hu pag

Caxxemak:

Yeod/yurs: Npoydyasar-e noHawar-a enacava je 3HaqyajHo jep omozyhaea
Mepere KOHmMuHyumema u36opHe nonumuke Kao u odcmynama
odpeheHe nonumuke 00 ucmopujckux mpeHdosa. OHO objawH-asa
cmeapHu ymuuaj mpaHcghopmamueHe bupaydke Kymuje U OornpuHocu
ucniumuearby OeMoKpamuje kao epedHocmu u Mehy macama u Mmehy
enumama. [loped moea, OorpuHOCU pasymesarby CIIOXeHO2 rpoueca
nofiumuYKe coyujanusauuje.

Memode: CHaza apybux cKyrnosa fiexu y HUX080M Oclarbarsy UCK/by4U80
Ha cuposge rnodamke, 6e3 ukakeux criorbawlux ymuuyaja. Okeup apybux
CKyrosa 3a Mmeopujcko o0nyduear-e, Kao eeoryuuja epyboe ckyna,
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06e36e0U0 je WUPOKY MPUMEHY y pa3udumum obsiacmuma Kao ycriewHa
anamka 3a cmuuyarbe 3Harba, Hapo4umo y cumyauujama y Kojuma je
fpucymHa HeoOpeheHocm u HecuaypHocm. YHpKoc eeriukom 6pojy
Mamemamuukux modena rpojekmogaHux 0Oa ymephyjy mnoHawake
enacada, y numepamypu Hema riperiopyke 0a ce kopucme 2pybu cKyrnosu
3acHogaHu Ha oO0mnyqusary. Oeaj pad yso0u UHOBaMUBHU
mpoghakmopcku rpucmyn 00ryqugary 3acHo8aH Ha JIUH28UCMUYKUM
nodauuma padu udeHmugukosarba roHawawa anacada. lpednoxeHu
rpucmynn 3acHuea ce Ha xubpudHom rpobabunucmu4kom modesty epybux
U ghasHUX CKyrosa Koju yKibydyje nuHaeucmu4ke rnodamke u obesbehyje
yesud y obpacue enacarba.

Pesynmamu:  Tpoghakmopcku  xubpudHu  modenu  00nyqusar-a
mecmupaHu cy Ha enacaqyuma. Y uéeHmugukayuju HUxoeoe rnoHawama
npu anacary dobujeHu cy eeoma 3adososbasajyhu pesynmamu. Koju cy
ganudupaHu rnymem mMamemamudykoe rpoyeca.

Sakrbyyak: lNpumep u3 npakce ucmuye 3Ha4aj 0802 xubpudHoe moderna u
nomsphyje Hez208y KopucHocm 3a uleHmucbukauyujy u npedsuhare
roHawarba enacayqa.

KrbyyHe pe4qu: nuH28UCMUYKU MEPMUH, 2pybu cKym, ¢hasu cKym,
mpoghakmopcka 00nyKa, rnoHaware anacaya.
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Abstract:

Introduction/purpose: Blockchain is a technology that first came into
existence to optimize the cryptocurrency area by forming a decentralized
network for online transactions and managing investors' data. With the
advent of technology, new ideas have started taking shape in experts'
minds regarding the potential of this technology if it were to be used in areas
other than just cryptocurrency — mainly Bitcoin. Some of its potential
features include security, distributed data, maintaining data integrity,
anonymity, and the lack of need for third-party involvement. This research
has analyzed the use of Blockchain technology in Pakistan, including its
awareness amongst technical experts and the public. The focus areas are
using Blockchain technology in hospitals as well as for voting, political
documents, financial ledgers, and contracts. The research aimed to
investigate which field is most appropriate to use Blockchain technology
according to the general public belief.

Methods: A detailed survey has been carried out collecting answers from
the public, and gathering expert opinions on the topic. The TOPSIS
approach was then applied to determine which fields are the most favored.

Results: The results favored the use of Blockchain technology in the areas
of political documentation. Based on the conducted study, there are
recommendations and important insights provided from experts to facilitate
the improvement of the system in Pakistan.

Conclusion: In conclusion, this study sets out to understand public and
expert perspectives on using Blockchain technology in other sectors of the
country. As a result of this research work, it is concluded that
government/political documentation presents an exciting market for
implementing this technology.

Keywords: cryptocurrency, bitcoin, blockchain, business innovation,
computational trust, MCDM.

630


mailto:agohar@fbsu.edu.sa

Introduction

Blockchain technology is at its infant stage and focuses on building a
decentralized database connected in a string of scattered blocks, each
connected to its consecutive block by a hash number and carrying
information in bits and pieces. These blocks are scattered all over the
Internet. The winning quality of blockchain technology is that, in order to
alter information in one block, every consecutive block will have to be
altered, which means umpteen blocks getting changed, which is virtually
impossible for anyone to do so. This makes the information stored in
blockchains unalterable and impossible to tamper with.

Blockchain technology was mainly used in cryptocurrency where this
innovative technology handled cyber-currency like Bitcoin. As more and
more people started focusing on working on blockchain technology, it
became apparent that Blockchain is a revolution waiting to happen. With
its unparalleled features, blockchain technology can expand out of the
cryptocurrency area and improve other sectors of the cyber world, such as
contracts, online voting, digital healthcare systems, etc.

This kind of change needs to be brought about in every sector of the
world, and organizations smart enough to recognize this gem for what it is
rapidly started working on taking on this new technology to help improve
their systems. Blockchain technology aims to eliminate all third-party
control from data by creating a decentralized environment that handles
and holds all the transaction information and other data.

Work has been done on blockchain technology outside Pakistan on a
large scale. Blockchain has been studied, and its uses have been
analyzed for the healthcare center as well as for digital voting and
contractual deals in the case of smart contracts. The work is still mostly in
its theoretical phase and is far from becoming a norm, but it has started.
Many different businesses and companies are looking at it as a means to
innovate and modernize their business practices in whatever field they are.
The benefit of this technology dramatically outweighs the difficulties in
perfecting it and integrating it into everyday life. In the long run, everyone
perceives only its help, which is why it catches this much attention.

In Pakistan, there is a lack of general awareness about blockchain
technology, however. The only area looking at using this technology in
Pakistan seems to be the financial sector, and even there it is in its infancy.
Blockchain technology with its numerous applications needs to be
recognized and appreciated by different sectors and organizations of the
country as they will become imperative in improving many services and
systems that right now are not handled as appropriately as they could be
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by the introduction of blockchain technology. Technical research and
advent are not the only practices essential to practically implementing
blockchain technology. The technology's current real-life implications and
feasibility are also required to be studied. A couple of techniques have
been used worldwide to conduct a feasibility study, recognize blockchain
technology's impact factors, etc. A lot of different angles have been applied
to look at it. TOPSIS is one of the first and foremost techniques experts
used to assess the pros of blockchain technology over the other more
conventional methods. Such MCDM approaches started eliminating other
measures and techniques in favor of blockchain technology as research
progressed on the topic. Considering numerous highlighted factors, they
proved beneficial in most areas under discussion.

This sort of research added to the importance of blockchain
technology and emphasized its importance worldwide. It gave the world
confidence to work further on the technology by proving that it is the right
direction to move in and needs to be built on more. Had it been the other
way around, and Blockchain was proved useless and costly instead of
beneficial, the research would have stopped as it would have been
considered redundant and in vain to go with the technology if there was no
feasible use in the real world.

Looking at the direction the world is taking on blockchain technology,
there is a need to work on it in Pakistan and provide practical motivation
that the technology needs for its implementation in Pakistan. In addition,
the more valuable it proves to be, the more motivated experts will be to
use it in multiple sectors and departments. There are challenges that need
to be addressed at the national level related to blockchain technology. The
first and foremost of these challenges is the lack of awareness among the
general public about this technology. Blockchain technology, however, has
features that can change how different sectors of the country work.

This research has studied some of these sectors — other than the
financial sector — wherein data and information have been collected to
understand the feasibility and demand of the public as to which sector they
think needs blockchain technology the most at this point. Furthermore, the
paper discusses the importance of introducing blockchain technology in
this sector and recommends how to start implementing blockchain
technology in different sectors in Pakistan. The rest of the article is
organized as follows. Section 2 introduces the background of Blockchain
and Bitcoin. Moreover, this study also examines the challenges and
technical limitations of Blockchain technology, previous literature on
TOPSIS and its applications, and the unique ways it identifies its
application in this work. Section 3 describes the applied research
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methodology and collects relevant research papers. Section 4 presents
the results of the gathered articles and extracted data. Moreover, it also
presents the analysis derived from the previously obtained results. Section
5 concludes the paper, followed by references.

Literature review

There has been research conducted on the usage of Blockchain
technology. Still, as this technology is in its infancy, research is very scarce
and only focuses on a few topics to give a bigger picture of what is
happening with the technology. Speaking of Pakistan in particular, there is
virtually no research on the importance, usage, and potential of Blockchain
technology, which needs to be remedied immediately. There are a lot of
guestions that need to be answered about Blockchain technology. As yet,
the primary use of Blockchain technology in Pakistan is in the financial
sector which is introducing Blockchain technology to improve
organizational methods, as it will be discussed further on.

Blockchain technology can also help improve many other nonfinancial
systems in Pakistan. This research has studied some systems, such as
hospitals (health care), voting, political documents, financial ledgers, and
smart contracts. A few of these areas have been studied under the lens of
Blockchain technology in some areas of the world, but seldom in Pakistan.
The paper intends to assess what the people of Pakistan feel is the most
feasible area to apply Blockchain technology in and which can benefit the
most from its characteristic features.

In Pakistan, as mentioned above, Blockchain is only applied in the
financial sector, and that started only very recently. According to a DAWN
News article (DAWN, 2017), The State Bank of Pakistan (SBP) was talking
about adopting Blockchain technology in all their transactions as that is
what the world is moving towards. This article talks about moving to match
the advent of technology in the world. SBP's Executive Director-Banking
Supervision Group says that the world is moving towards adopting new
technologies and that the country should also use this technology as its
trades can significantly benefit from them and that they are open to other
banks joining them in the interest of using new technology. It also talked
about cybercrimes and mobile banking explaining how advanced
technology and new techniques are essential to combat these issues and
run things more smoothly.

Other than that, in Pakistan, Blockchain has been used in nonfinancial
sectors in several places. It is a start, but at the very least, it has started.
A paper written by Linn and Koo discusses how healthcare and information
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technology are moving towards each other to increase productivity and
convenience for patients, their next of kin, and healthcare staff. This paper
discusses "a Blockchain-based access-control manager to health records"
(Kuo et al, 2017), which has the potential to deal with "interoperability
challenges" present in the healthcare system which will allow all
stakeholders to access medical records and manage them securely and
incorruptibly. Another study focused on Comparing Market Performance
of Metaverse Crypto Assets. This sort of use of Blockchain technology is
highly beneficial. It could also bring about a positive change in Pakistan's
healthcare system if Pakistani hospitals started using it regularly.

Digital Voting with the Use of Blockchain Technology by Barnes,
Brake, and Perry is a report written to analyze the problems with the
current voting system and to propose a solution to that problem in the form
of a digital voting system using Blockchain technology. Hsiao et al (2017)
stated that, with the advent of technology, there must be an online voting
system free of corruption, like the rigging of the results. Security of these
online votes was the biggest concern and one of the unsolvable problems,
but not anymore. According to this paper, the one foolproof way of
minimizing security risks and issues is by using Blockchain technology in
the online voting system. Another study mentioned that sustainable
digitalization is a growing trend in which digital technology is used to
promote environmental, social, and economic sustainability.

Blockchain has also been studied as a potential technology for smart
contracts, which will eliminate third-party interference in contracts and
make contracts more secure. Smart contracts are said to be computer
agents as they form contracts based on the time of user's actions and
Blockchain technology has emerged to be one of the best ways to keep
track of these contracts as discussed in a paper "Blockchain and smart
contracts" (Panisi, 2017). It is a difficult concept to brag — the integration
of Blockchain in the world of contracts — but change is always the hardest
to grasp and is always needed to be discussed, to adapt and improve for
the sake of progress. According to this paper, the jury is still out on how
much Blockchain can be trusted as it is a theoretical concept but there is
no experience to ensure complete trust in the technology by using it as a
basis for smart contracts. There is still a great debate going on about the
usage of Blockchain technology as the right medium for smart contracts or
not. Ledgers are directly connected to accounting and this is another area
where Blockchain has the most chance of being used and will be greatly
advantageous if done so. As discussed in the paper of Wang & Kogan
(2018), modern-day accounts are based on a double-entry system which
was introduced in the Renaissance period. It is, however, very difficult to
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manually do this as it requires a lot of labor. By using Blockchain, it is
easier to prove the integrity of electronic files. The hash string attached to
each block is the fingerprint that needs to be presented and matched in
case of any need of proof against the file. Blockchain technology can
provide different ways to document the data otherwise being managed
manually and leads to a more secure way of keeping the integrity of these
ledgers intact.

"Computing Ledgers and the Political Ontology of the Blockchain" is
a paper by Velasco (2017) which discusses the political forms that
Blockchain technology can switch on and how it will benefit the integrity of
political documents. This paper discusses the ontology of Blockchain in
favor of political documents and the importance of keeping them secure
and incorruptible. The paper recognizes that there will be an absence of
necessary authority figures in the digitalization of ledgers and political
documents, but that is what Blockchain is all about, removing authority
from a central point and distributing responsibility over the whole network
in a dynamic form of environment. Another study conducted by Ul Hag et
al (2023) discussed the concept of Blockchain and its application. A lot
needs to be considered when discussing Blockchain technology and its
usage in different sectors. A study conducted by Arsyad et al (2022)
proposed a farm transaction model by demonstrating a flow of farm
transaction simulation implicated by Modular Block Chain. These precious
few pieces of research are just the start of what would later become an
essential and integral part of the technical world. Taking this research and
all this material into account, a survey was conducted keeping the
Pakistani populace in mind and collecting data from them to analyze how
well they will be able to adjust to this very new technology and where they
feel like it is needed the most, given its many advantageous features. In
this article, a solid foundation has been built to analyze the significance of
introducing Blockchain technology in Pakistan.

The Technique for Order Preference by Similarity to Ideal Solution
(TOPSIS), developed by Hwang et al (1993), is a method to assess the
capabilities of alternatives through the similitude with the ideal solution. As
indicated by this procedure, the best option would be one nearest to the
positive-ideal solution and most distant from the negative-ideal solution.
The positive-ideal solution amplifies the advantage criteria and limits the
cost criteria. The negative perfect arrangement augments the cost criteria
and specifies the advantage criteria. In outline, the positive-ideal solution
is made out of every single best value achievable of the criteria, and the
negative-ideal solution comprises all the most exceedingly bad values
attainable of the criteria.

635

Gohar, A, Leveraging Blockchain technology to accelerate financial and nonfinancial inclusion and empowerment in developing countries, pp.630-650



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 2

The MCDM strategies manage the way toward settling on a choice
within the sight of numerous criteria or objectives (Sahoo & Goswami,
2023). Puska et al. (2023) carried out a study based on the MCDM
approach to find the index of economic freedom in Balkans countries. A
study carried out th Fuzzy Analytic Hierarchal Process for a sustainable
public transport system. Another study used the m-polar fuzzy set theory
for the selection of non-traditional machining processes. TOPSIS is
generally utilized to take care of issues having various criteria. Multi-
criteria decision-making strategies have been widely used in multiple
application zones. Liu et al (2010) connected AHP and TOPSIS MCDM
strategies for security appraisal communication networks of power control
systems. C. T. Chen (2002) connected the MCDM method to deal with
issues of project selection. Angelou & Economides (2008) additionally
connected MCDM strategies to allot ranks to a portfolio of ICT foundation
ventures. F. Trojan & D. C. Morais (Trojan & Morais, 2012) presented the
idea of cooperative choice to organize options for the upkeep of water
appropriation systems.

Similarly, recent research implemented the use of the novel fuzzy
decision making model to identify right policies for renewable energy
transition. Another study was carried out by Dagistanli on the financial
performance evaluation of energy companies. A similar application of
MCDM can also be found in the “Examining the Impact of Product
Innovation and Pricing Capability on the International Performance of
Exporting Companies” (Rezazadeh et al, 2023). TeSi¢ & Marinkovi¢ (2023)
applied an aplication of fermatean fuzzy weight operators and the MCDM
model DIBR-DIBR [I-NWBM-BM for the efficiency-based selection of a
complex combat system. The multiple options above showcase the use of
TOPSIS in multi-criteria decision making as a very accurate and precise
way of prioritizing and ranking numerous alternatives given specific criteria
for each alternative. TOPSIS uniquely suits this research into the use of
Blockchain technology in sectors, other than financial, of Pakistan's
economy.

Methodology

The problem at hand was tackled using the Multi-Criteria Decision-
Making technique called TOPSIS. This method revolves around using
multiple criteria to rate and analyze the data using weights assigned to
those criteria to evaluate the solution, which would be the best alternative
for implementing Block Chain Technology in Pakistan in this case. TOPSIS
was chosen among various alternative methods mainly because TOPSIS
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makes a focused analysis on the criteria allotted, which is necessary while
assigning weights to the criteria upon which eventually is concluded to a
final solution. TOPSIS has been a prevalent method used to solve similar
problems and has been around since 1981. Some researchers have
combined AHP and TOPSIS for their methodology and used the
combination to study power control systems. In contrast, others have used
it alone to find the best alternatives for project implementation solutions,
as discussed in more detail in the literature review above. This research
paper uses the TOPSIS technique independently to best correspond to the
public view with strict criteria and dimensions, making it the most suitable
to be applied. The methodology has been divided into four main sectors:
Survey Development and Analysis, Weight Calculation and Assignment,
TOPSIS Implementation, and finally, Analysis and Conclusion. The
process started with a thorough insight into the literature review of the
technology that is under study, and five alternatives for the implementation
of the technology were discovered, namely:

Hospitals,

Voting,

Political Documents,
Financial Ledgers, and
Contracts.

arwnNhpE

After discovering these options, experts in computer science and big
data were contacted and asked to provide insight into what they thought
were the criteria to be allotted to rank the data to be collected. The results
from these experts classified the criteria into four main categories and were
assigned weights according to the importance each expert assigned. They
were:

1. Security,

2. Distributed,

3. Open Source, and
4. Implementation Cost.

After the methodology parameters were calculated, a survey was
created for the general audience of Pakistan. It asked them to rank the
importance of each criterion set as to which they thought would be most
feasible and necessary to be implemented in Pakistan. The survey output
data collected would qualify as the data required to evaluate the most
viable solution through the TOPSIS method. After the collection of data,
TOPSIS is applied in the manner of the following steps:
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Step 1

The first step is to standardize the Decision Matrix. It is done by taking
the square root of the sum of the elements of each row and dividing each
element of the row with it. The formula

xij
Yij R

helps to attain the values where y is the output element, and x is the
original element. The data is then normalized by dividing each matrix
element by its consequent standardized value.

Step 2

After the Standardized Decision Matrix, the normalized decision
matrix needs to be constructed. This is done by multiplying the assigned
weights with each element in the row of the subsequent criteria. The
following formula

Yij = Xij X Wj

helps to attain these values where y represents the output element, x is
the original element, and w is the weight. The weighted standardized
decision matrix is thus created.

Step 3
ThiéO step works towards finding the ldeal and the Negative Ideal
solutions for the data. The ldeal solution is given by
A" ={y{,...,yn} where
yi={max(yy) if j € J}; {min(yy) if j €]
The Negative Ideal solution is given by
A={y1, ..., yn} wherey;={max(yy) if j € J}; {min(yy) if j €]

Step 4

Now that the Ideal and Negative Ideal solutions have been calculated,
the next step involves calculating the separation measures for each option
in this problem. Essentially, the separation from the ideal alternative is
given by

1
S [Z(y;‘ vy 7’| :

and consequently, the negative ideal alternative is given by

_ I:Z , 2]1/2
YA O =¥y where i goes from zero to m.
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Step 5

The last step is to find the relative closeness of all the options to the
Ideal Solution. This is done by using the formula
* S

G

The resultant value that is closest to 1 is the option that is selected.
Consequently, the desired results are generated by the application of
TOPSIS. After this, the data analysis is done, and the reasons for the
results attained are considered. From the said analysis, a conclusion is
drawn, and a suggestion regarding the output of the analysis is illustrated.
The structure of the methodology is summarized in Figure 1.
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Figure 1 — Flow chart for the methodology
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Discussion and results

The foremost output received in the methodology was the experts'
opinions. They were asked to draw up five criteria, which would then be
assigned weights by taking the average rating they would assign each
criterion. The result would give the desired weight assignment and the
criteria to take forward into the research. The criteria and weights from the
experts are summarized in Table 1.

Table 1 — The results from the experts & averaged weights

Name Security Distributed Open Source Implementation Cost
Ghulam Abbas 6 7.4 5 34

Hussain Ali 7.8 9.2 7.4 8

Daniyal Ahmed 8.6 8 6.4 5.8

Saif Bilal 8.6 8 5.8 4.8

Laila Khalid 8.8 8.2 6.4 7.2

Weights 7.96 8.16 6.2 5.84

It can be seen from the data collected from the experts that the highest
weightage has been assigned to the Distributed category, which shows
that the experts feel that the distribution of data in the implementation of
Blockchain technology is of paramount importance. It is further seen that
with a weight of 8.16, the experts believe that overall data should be
distributed among the masses rather than being centrally controlled,
hinting at the urge for transparency in the system that Blockchain
technology would provide. Security got the second rank out of the four with
a weight of 7.96, showing that while considering the implementation of the
said technology, security is a very, if not the most, important while
considering the option. Being Open Source got the third nod from the
experts with a weight of 6.2, showcasing that the system's availability
carries meaning and should be available as open source if implemented.
The implementation cost of the system came in last with a weight of 5.84,
signifying that the cost of the system is the least of the worries where its
implementation is concerned. As mentioned earlier, a more detailed view
of the expert can be seen in Figure 2.

Since the criteria have been defined and the weights assigned, the
data from the general public was gathered through a survey, and a total of
150 responses were collected. Considering the public opinion as a
deciding factor to determine which sector should have Blockchain
technology implemented, these responses were the decision makers in
this study. The data was then used for analysis, and TOPSIS was applied
to it, thus achieving the results in Table 2 below.
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Figure 2 — Graphical representation of experts’ weights
Table 2 — Relative Closeness to the Ideal Solution
Hospital  Votin Political Financial Contracts
P 9 Docs Ledgers
Si* 0.651 0.803 0.365 0.588 0.504
Si' 0.630 0.279 0.759 0.561 0.568
Si*+Si' 1.281 1.082 1.124 1.149 1.072
Si/(Si*+Si')  0.492 0.258 0.675 0.488 0.530
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The resultant data in Table 2 shows that the highest relative
closeness to the ideal solution is taken by Political Documents, with 0.68,
which is the best option according to this method. The second-best
alternative is Contracts with a mild closeness of 0.53. This shows that
Political Documents is the best option by a considerate amount. The
results in the chronological order are:

Political Documents,
Contracts,

Hospitals,

Financial Ledgers, and
Voting.

agrwDOE

The results can further be summed up in Figure 3.

Relative Closeness to the Ideal Solution
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Hospital Voting Political Financial Contract
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Figure 3 — Graphical representation of relative closeness to the ideal solution
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The study's significant findings, as it can be seen in Figure 4, state
that the public perspective, weighed by experts' opinions, dictates that one
of the most favorable areas for the expansion of Blockchain technology is
political documentation held by the government political parties. These
documents include but are not limited to laws, codes, rules and
regulations, census publications, etc., which are only a small portion of the
government's collection. The findings suggest that the integral features of
Blockchain technology apply the most to the implementation of a database
containing these documents. The reason for the results, as mentioned
earlier, is apparent. As it can be seen in the results, the features such as
being 'open-source' and 'distributed’ were the highest in the Political
Documentation group. This shows that experts and the general populace
agree that these documents should be available to everyone and be
completely transparent, as well as be hosted within a distributed network,
which would make it near impossible for these documents to be tampered
with or modified for the needs or benefit of a particular group.

Weighted Standardized Decision Matrix

00 05 10 15 20 25 30 35 40 45

Implementation® Open B Distribute ¥ Security

Figure 4 — Graphical representation of the weighted standardized decision matrix
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These findings are significant as they indicate a shift in the public
thinking towards the political scene within the country, with a greater
demand for transparency of official documentation within the higher
echelon of the government, and thus also indicate a better attitude towards
the investment in technologies that cater to these specific needs such as
Blockchain technology. Due to the fresh nature of the market, this allows
a vastly diverse and superior investment opportunity for companies, which
would also positively affect the country's economy. Transparency in the
democratic process of the government shows a favorable movement
towards a more stable democratic establishment within the government,
which would lead to a more stable economy and a more stable currency,
which also provides ground for more investment from outside sources.

An alternative explanation for the results may also be the current
political scene within the government. Incidents such as the Panama
Leaks of documents have led to more public outcry about the transparency
of documents in possession of different government bodies and the
accountability of the said government for better accessibility to these
documents.

The study, though, acknowledges its limitations, as firstly, though
guite large in relative size to the country's population, the sample size of
both the general populace and the pool of experts is relatively small and
may not cater to the opinions and ideology of the entire country. However,
it does show noticeable trends and reveals meaningful information about
the general mood within the country. The study also does not consider
many other features of Blockchain technology. However, as mentioned
earlier, it acknowledges the lack of public knowledge of the technology as
it is still in its infancy.

Conclusions

The objective of this research is to examine the application of
Blockchain technology in various sectors beyond finance within Pakistan.
Being a developing nation, Pakistan presents an expansive and
unexplored market for the emerging potential of this technology. Given its
relatively recent and complex nature, Blockchain technology faces a lack
of awareness and understanding among the general population in
Pakistan. Consequently, the implementation of this technology across
different sectors in the country is becoming progressively challenging.

The impact of this technology is extensive and crucial; however, there
has not been any research exploring its application beyond the
cryptocurrency realm in the dynamic shifts of the country's economy. This
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study seeks to anticipate the trajectory of Blockchain technology in the
nation, opening up a novel market for its utilization. This is accomplished
by gauging public perceptions of the technology's attributes and
incorporating expert opinions on the subject.

In conclusion, this study sets out to understand the public and expert
perspectives on using Blockchain technology in other sectors of the
country. It was achieved by applying the Multi-Criteria Decision-Making
process known as The Technique for Order of Preference by Similarity to
Ideal Solution, otherwise known as TOPSIS, by using responses from the
general public and weighing them by expert opinions. As a result of this
research work, it is concluded that government/political documentation
presents an exciting market for implementing this technology.

These results are attributed to the ongoing political scene in the
country, where heavy political competition between the major parties has
recently resulted in many accusations against one another. Also, in the
near past, there was a court case against the nation's prime minister
regarding the proper disclosure of documents regarding assets held
abroad, which resulted in his being removed from his office. These current
happenings seem to have influenced a lot the public opinion on the use of
Blockchain technology in Pakistan as a means of greater transparency
towards their political representatives. It also predicted a shift towards a
more transparent, democratic, and stable government, leading to an
increasingly challenging economy for third-party investment. While this
research work has its limitations, there are other features of the technology
and other sectors in which it can be utilized effectively.

Furthermore, smart contracts are a booming industry and are in high
demand as a secure means of agreement. Third-party investment in such
technologies would lead to further research and development that would
help the economy as a whole. Smart contracts would provide a very secure
and legally enforceable method of making contracts between parties,
which would increase the incentive for numerous and more extensive
contracts and take away from the general public fear of entrepreneurship,
leading to a healthier attitude towards further investment from the local
population into the economy.

The study can be further extended by applying other decision-making
techniques to evaluate different aspects of the Blockchain technology. It is
recommended that Blockchain technology be investigated further in
relation to government and political documentation applications. Applying
a more secure yet open-source platform for distributing government
policies and agreements would allow easier access to it for a wider
population.
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Aprovechar la tecnologia Blockchain para acelerar la inclusion y el
empoderamiento financiero y no financiero en los paises en desarrollo

Ali Gohar

Universidad Fahad Bin Sultan, Facultad de Negocios y Administracion,
Tabuk, Reino de Arabia Saudita

CAMPO: mate,méticas, ciencias de computacion
TIPO DE ARTICULO: articulo cientifico original

Resumen:

Introduccién/objetivo: Blockchain es una tecnologia que surgio por primera
vez para optimizar el area de las criptomonedas mediante la formacion de
una red descentralizada para transacciones en linea y la gestion de datos
de los inversionistas. Con la llegada de la tecnologia, han comenzado a
tomar forma en las mentes de los expertos nuevas ideas sobre el potencial
de esta tecnologia si se utilizara en areas distintas a las criptomonedas,
principalmente Bitcoin. Algunas de sus caracteristicas potenciales incluyen
seguridad, datos distribuidos, mantenimiento de la integridad de los datos,
anonimato y la falta de necesidad de participacion de terceros. Esta
investigacion ha analizado el uso de la tecnologia Blockchain en Pakistan,
incluido su conocimiento entre los expertos técnicos y el publico. Las areas
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de enfoque son el uso de la tecnologia Blockchain en hospitales, asi como
para votaciones, documentos politicos, libros financieros y contratos. La
investigacion tuvo como objetivo investigar qué campo es mas apropiado
para utilizar la tecnologia Blockchain segun la creencia del publico general.

Métodos: Se ha llevado a cabo una encuesta detallada recogiendo
respuestas del publico y recabando opiniones de expertos sobre el tema.
Luego se aplico el enfoque TOPSIS para determinar qué campos son los
mas favorecidos.

Resultados: Los resultados favorecieron el uso de la tecnologia Blockchain
en las areas de documentacién politica. Segun el estudio realizado, los
expertos proporcionan recomendaciones y conocimientos importantes
para facilitar la mejora del sistema en Pakistan.

Conclusion: En conclusion, este estudio se propone comprender las
perspectivas del publico y de los expertos sobre el uso de la tecnologia
Blockchain en otros sectores del pais. Como resultado de este trabajo de
investigacion, se concluye que la documentacién gubernamental/politica
presenta un mercado interesante para implementar esta tecnologia.

Palabras claves: criptomoneda, bitcoin, blockchain, innovacion
empresarial, confianza computacional, MCDM.

Mcnonb3oBaHue TexHonornm 6rok4enH Ans yckopeHus (oMHaHCoOBOM U
HedVMHaAHCOBOWN MHKMIO3MW U pacLUMPeHns NpaB 1 BO3SMOXHOCTEN B
pa3BMBalOLLMXCA CTpaHax

Anu lNoap

YHuusepcuteT Paxaga 6uH CyntaHa, pakynbTeT 6usHeca u MeHeXXMEHTa,
r. Tabyk, KoponesctBo CaynoBckast ApaBusi

PYBPUKA T'PHTW: 20.23.00 HdopMaLMOHHLIN NOUCK
BWO CTATbW: opurmHansHasa Hay4Has ctaTbs

Pesrome:

BeeoeHue/uenb: briokyelH - 3moO mexHosioausi, co30aHHas Orns
onmumu3ayuu  cgepbl  Kpunmosasom nymeMm  ¢hopMUpOo8aHus
deueHmparnusoeaHHol cemu Orid oHnAalH-mpaH3akyul u yrnpaeneHusi
OaHHbIMU UHBecmopos. C nosiesieHUeM 3mol MexHOI0auu IKCrnepmal
MOHSAMIU HacKOMbKO 8EJIUK ee nomeHyuarsn U cmasnu pasgusame HO8bIE
udeu omHocumesibHO ee UCMob308aHUsI 8 Opyaux obsacmsx, a He
monbko 8 obnacmu Kpunmosasilomel (8 OCHOB8HOM BGUMKOUH).
lNpeumywiecmea  mexHonoz2uu  briOKYelH  3akiw4Yarwmcs 8
b6esonacHocmu, pacrnpedesieHuu GaHHbIX, COXPaHeHUU yerocmH{Hocmu
O0aHHbIX, aHOHUMHOCMU, @ Mmakxe 8 omcymcmeuu Heobxodumocmu
npusnekams rnocpedHUKos8. B 0aHHOM uccriefoeaHuU aHanusupyemcsi
ucrnonb3osaHue mexHonoauu 6nok4yeliH 8 [lakucmaHe, a makxe
yposeHb 0C8e00OMIIEHHOCMU MEXHUYECKUX 3KCepmos U WUpoKoU
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obujecmeeHHocmu © B03MOXHOCMSAX MmexHosioauu 6rokyeliHa.
AKuyeHm Oerlaemcs Ha UCMOMb308aHUU MexHoso2uu b6rioKyeliHa 8
b6os1bHUYaXx, 20/10C08aHUU, NOIUMUYECKUX O0KyMeHmax, ¢huHaHCo8bIX
peaucmpax u KoHmpakmax. Llenb uccrnedosaHusi 3aknoyaemcsl 8
8bisisrieHUU Haubornee nodxodsuwel obnacmu Orsi UCMOb308aHUs
mexHosoauu 6r1ok4yeliH, No MHeHUro obuecmeseHHocmu.

Memodebi: bbin nposedeH nodpobHbIL onpoc cpedu HacesieHus, a
makxe 6bliu cobpaHbl MHEHUS 3Kcriepmos o daHHoU meme. 3amem
6611 npumeHeH nodxo0 TOPSIS 0na onpedeneHusi Haubosee
npednoymumeribHbix obnacmed.

Pesynsmambi: [lo pe3ynbmamam onpoca obwecmeeHHocmu
npumeHeHUe mexHonoeuu 6r0k4eliH npednoymumernisHO 8 cghepe
nonumuyeckoli dokyMeHmauuu. B mo epeMsi kak pekomeHOayuu u
8aXHble HabMOOEHUs] 3KCMEPMOB8, OCHOBaHHbLIE Ha MPO8EOeHHOM
uccnedosaHuu, 6ydym crnocobcmeogamb CO8EPWEHCMBO8AHUIO
cucmemel 8 Makucmane.

Bbigodbi: Llenbto OaHHO20 uccriedoeaHusi sienisiemcsi  oripederieHue
MHEHUS] KakK 3KCriepmos, maKk U wWupokol obwecmeeHHocmu
OMHOCUMEIbHO  UCIOJIb308aHUsI mexHomoauu b6riokyeliH 8 pasHbIX
cekmopax 3KOHOMUKU cmpaHbl. Ha ocHogaHuu uccriedosaHusi coenaH
8b1800, 4MO 20cydapcmeeHHbIe/nonumuYeckue O0KyMeHMbI S6MSHMCS
a2nasHou obnacmeto 05151 pUMeEHEHUs bIIOKYeliH mexHoIo02uu.

Kntouesble crioga: kpunmosasioma, 6umkouH, 6rok4YeliH, bu3sHec
UHHoBauuu, uHgopmayuoHHoe dosepue, MCDM.

Kopuwhere GriokyejH TexHomnorvje 3a yop3aBarwbe hHaHCKHjcke 1
HedUHaHCHjCKe UHKY3nje 1 KeH 3Hayaj 3a 3eMrbe Y pasBojy

Anu loxap

YHuusepautet ,Paxag 6uH Cyntan”, ®akynteT 3a GU3HNC M MEHALIMEHT,
Tabyk, KparseBuna Cayaujcka Apabuja

OBJIACT: maTtemaTtuka, payyHapcke Hayke
KATETOPUJA (TUM) YIAHKA: opyruHanHm Hay4Hu pag

Caxemak:

Yeod/yurn: briokyejH je mexHonozauja cmeopeHa Oa onmumusyje obsiacm
Kpunmosasnyma rymem opmuparba OeueHmpanu3osaHe Mpexe 3a
OHIajH mpaHcakyuje u yrnpaerbane rnodayuma uHeecmumopa. Yoyuswu
HeH MomeHyujas, cmpyydrayu cy nodenu 0a yobnuyasajy Hose udeje y
8e3u ¢ meHUM Kopuwherem, He camo KOO Kpurimoearnyma (yanasHom
bumkouHa) eeh u y ocmanum obnacmuma. Heka 00 HeHuUX
rnomeHyujanHuUx ceojcmaea cy: cuaypHocm, OucmpubyupaHu nodauyu,
odpxasare uHmezpumema rodamaka, aHOHUMHOCTM, Kao U 00cycmeo
rnompebe 3a ykrbydusarbem nocpedHuka. Ogo ucmpaxkuearbe aHanusupa
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Kopuwhere 6r1o0k4yejH mexHonoeauje y lNakucmaHy, Kao u ca3Harba Koja o
HOJ uMajy cmpydrauyu u wupa jasHocm. Texuwme je Ha Kopuwhery
6riokyejH mexHornoeuje y bonHuyama, rpu anacary, uspadu MoaumMuUYKUX
doKkymeHama, ¢huHaHCUJCKUX KrbU2a U yeoeopa. Ljurs je da ce ucmpaxu
Koja obriacm je Hajno2odHuja 3a Kopuwhere bIoK4YejH mexHonoauje, no
MUWIbery Wupe jasHocmu.

Memode: CrnipogedeHa je ucuprHa aHkema mMehy onuwimom norynayujom,
a MpUKyr/beHa Cy U MUWIbera CmpyYyraka o0 080j memu. 3amum je
npumerseH npucmyn TOPSIS kako 6u ce ymepdurno Koje cy obnacmu
HajrioxerbHuje.

Pesynmamu: Pe3ynmamu rioka3yjy 0a je npumeHa b6510K4ejH mexHorioauje
HajroxerbHuja y obnacmu rnonumuyYke OoKymeHmauuje. Ha ocHogy
criposedeHoe ucmpaxkuearba, MPernopyKe U 8axkHa 3araxara Cmpy4drbaka
onakwahe rnoborbwarse cucmema y lNakucmany.

Sakrbyyak: Osa cmyduja uma 3a Uurb 0a ymepou Kakeo je MUWIbeH-Ee U
cmpydrbaka U Wupe jasHocmu y ee3u C Kopuwherem 6r10K4eH
mexHosnoeuje u y ocmanum obnacmuma y 3emsbu. 3akibydyje ce Oa
OpxkasHa/ronnumuyka GoKyMeHmauuja npedcmaessba anasHy obriacm 3a
MpuMeHy o8e mexHorioauje.

KrbyyHe peyu: kpunmosanyma, 6UMKOUH, O6r10KYejH, ocrosHe
uHosauuje, uHghopmamu4ko nogepere, MCDM.

Paper received on: 02.01.2024.
Manuscript corrections submitted on: 06.06.2024.
Paper accepted for publishing on: 07.06.2024.

© 2024 The Author. Published by Vojnotehni¢ki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.Mo.ynp.cp6). This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/rs/).

650


http://www.vtg.mod.gov.rs/
http://втг.мо.упр.срб/
http://creativecommons.org/licenses/by/3.0/rs/

Multivariate framework for introspecting
the motivational factors for satisfaction in
HR profession

Mainak R. Chaki?, Banhi GuhaP, Sanjib Biswas®,
Gautam Bandyopadhyay?, Malay Bhattacharjee®
@ National Institute of Technology, Department of Management Studies,
Durgapur, West Bengal, Republic of India,
e-mail: mainak.chaki@birla-sugar.com,
ORCID iD: @https://orcid.org/0009-0001-9288-4776
b Xavier Business School, Kolkata, West Bengal, Republic of India,
e-mail: banhi.guha@sxuk.edu.in,
ORCID iD: @https://orcid.org/0000-0001-8231-5329
¢ Amity University, Amity Business School,
Kolkata, West Bengal, Republic of India,
e-mail: sanjibb@acm.org, corresponding author,
ORCID iD: “https://orcid.org/0000-0002-9243-2403
d National Institute of Technology, Department of Management Studies,
Durgapur, West Bengal, Republic of India,
e-mail: gbandyopadhyay.dms@nitdgp.ac.in,
ORCID iD: “https://orcid.org/0009-0001-0500-0283
¢ Vellore Institute of Technology,
Chennai, Tamil Nadu, Republic of India,
e-mail: malaymonil00@gmail.com,
ORCID iD: ““'https://orcid.org/0000-0001-5732-061X

doi https://doi.org/10.5937/vojtehg72-48661

FIELD: mathematics, statistics
ARTICLE TYPE: original scientific paper

Abstract:

Introduction/purpose: Human Resource Management (HRM) has evolved
as a strategic function for an organization, contributing significantly towards
organizational development, business growth and societal development.
The current work fills the gap in the literature by unveiling the higher order
motivational needs driving the satisfaction of human resource (HR)
professionals in their job roles. Further, it intends to delve into the causal
relationship of the underlying factors.

Methods: A three stage detailed exploratory and mediation analysis is
carried out. In the first stage, a focused group interview of 25 senior HR
professionals was conducted. These professionals are all holding the role
of Chief Human Resource Officers(CHROs) in their respective
organizations. In the second stage, a large scale exploratory analysis is
carried out based on the responses of 423 respondents. Stage three
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confirms the interrelationship among the underlying factors obtained
through the EFA.

Results: The results of the primary survey of 423 professionals reveal the
three underlying factors such as identity, power and societal leadership (SL)
that motivate HR professionals and drive their satisfaction in the job role.
Further, it is observed that power mediates the interrelationship between
identity and SL.

Conclusion: The results of the survey strongly suggest that there exists a
high degree of correlation between identity, power, and societal
relationships when it comes to HR professionals.

Key words: role satisfaction, human resource management, societal
leadership, exploratory factor analysis, mediation.

Introduction

Human Resource Management (HRM) as a profession has
undergone a transformational change over the years. From the traditional
role of personnel management and industrial relations, HRM domain has
been evolved as a strategic function for the organization contributing
significantly towards organizational development, business growth and
societal development (Carmeli et al, 2015). In general, employee
motivation (EM) and employee satisfaction (ES) have been explored
extensively by researchers. The current work fills the gap in the literature
by unveiling the higher order motivational needs driving the satisfaction of
human resource (HR) professionals in their job role. Uplifting the
performance of an organization is one of the chief metrics of any
organization’s Human Resource Management (HRM) department
(Shmailan, 2015; Vermeeren et al, 2014). HRM plays an important role as
it engages in the search, collection, collation and utilization of Potential
Manpower (PM) suitable for the given purpose. It helps the industry to
survive, grow, and sustain. This can only be achieved when the quality of
services offered is very good and meets the customer needs (Kehoe,
1996). The HR department is responsible for framing up HR practices thus
creating required competitive advantage for the firm with the active and
effective participation of its human capital that is unique and inimitable
(Balgovind, 2007; Jena & Pradhan, 2014). In this context, existing
literature mentions that HR practices play a crucial role towards the
attainment of success by organizations (Condrey, 1995; Huselid, 1995;
Koys, 2001). Managing human capital has gained higher significance as
the growth of a country heavily depends on the tenets of motivation,
capability, go-getting attitude, and effective deployment of its working force
(Akinbode, 2011; Abdulkadir & Oladipo, 2011). It is proved beyond doubt
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that the success of an organization has a direct relation with the effective
productive mentality of the workforce (Pradhan et al, 2019). Any
organization that is striving hard to reach its goal or set itself as an example
in the related industry would only be capable of doing so if its HR practices
are healthy and congenial to its workforce (Linna et al, 2010; Basit, 2019).
Effective employee management provides strategic and cost leadership.
Strategic leadership bridges the gap between management and
employees to enhance employee performance (EP) (Zia-ud-Din et al,
2017). All of these functions are to be effectively carried out by HR
professionals, which requires positive motivation from their end as they, in
the end, also belong to the category of the workforce (Aristana et al, 2022).

It is generally believed that a self-motivated individual (in this case an
employee) would be more productive for any organisation as he/ she would
be prepared to walk that extra mile in realizing his/her goal and that of the
organisation (Ghebregiorgis, 2018). Having said this, the world of academia
has silently forgotten to take a departmentalized look at the organization,
especially regarding the HR department. It cannot be accepted that all
employees engaged in an organization have the same satisfaction level out
of the HR practices prevalent in the organisation. Even if this logic is
accepted for the sake of acceptance, the HR personnel would still not derive
the same level of pleasure from the HR practices implemented by them as
felt during this study. Unfortunately, literature in this micro field is missing,
indicating the generalization of earlier studies. In a world where employee
retention has become a big issue because firms offer hefty remuneration
and smart promotion options (Blomme et al, 2010) to motivated and
productive employees, we feel the time has come to take a fresh look into
the subject of employee satisfaction in a departmentalized way.

Professional discussion with practicing HR people clearly identified that
other than the established and documented extrinsic tenets of the lower-
order motivational needs like handsome remuneration, employee-friendly
HR practices, promotional ease (Blomme et al, 2010), job stability and
sustainable after-retirement benefits (Hong et al, 2013), there are some
more allied intrinsic factors termed as higher-order motivational needs
connected with HR professionals which give them job satisfaction more than
what the extrinsic factors can give (Alnuaimi, 2022) . Literature search drew
flak in this particular field as nothing could be identified when it came to the
motivational aspect of HR professionals. Hence, the need for this study was
felt as this can bring about some degree of changes in the already pre-set
mind of the research fraternity with some new inputs.

It is observed that there has been a number of attempts to discern the
factors influencing the job satisfaction of employees in general vis-a-vis the
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leadership styles and eventually their impacts on the performance. But there
is a lack of scholarly activities in the field of employee motivation and job
satisfaction in the last two decades focusing on HR profession. The existant
literature shows that past studies have sufficiently considered employees in
a generalized way but have not prioritized according to the functional role
played by employees in HR profession. Some of the works have taken
different fields like hospitality industry, service industry etc., to derive the
motivational factors of these fields’ employees. But nothing could be
identified related to the motivational elements of HR professionals.
Motivated by the aforesaid research gaps, the present work is centred on
the following research objectives (RO):

RO 1. To identify the factors that drive HR professionals to be satisfied in
their professional role.

RO 2. To delve into the interrelationship of the underlying factors driving the
job satisfaction in the HR role.

The identified gap calls for the introspection of the related field with
impunity. Higher-order motivational needs are also to be identified as a
person can forego thinking about second-order motivational needs like
compensation, monetary benefits, or promotion if his/her higher-order
motivational needs, like recognition, power, authority, etc., are fulfilled. The
principal purpose of this work is to identify the higher-order motivational
needs of HR practitioners, which is yet to be specifically coined. In this
regard, the study has taken a very close look at the elements of employee
motivation available through existant literature in a generalized spectrum.
On the other hand, the study has tried to investigate and identify the role of
higher-order motivational needs of HR practitioners. It has tried to get an
inkling of the reasons for the satisfaction of HR practitioners.

The current paper contributes the growing strand of the literature in
mainly two ways. First, the present paper is an apparently rare one that
intends to unfold the factors satisfying HR professionals in their role and
subsequently, explore the interrelationship among the discovered factors.
Secondly, from a technical point of view, concerning to the broad domain of
the employee satisfaction and specifically, to HR professionals, the present
study uses a detailed three stage research design consisting of exploratory
and confirmatory analysis.The novelty of the paper stems from two aspects
such as its application in deriving the underlying factors leading to
satisfaction in HR profession and the three stage framework consists of
expert opinion, exploratory mode and mediation analysis.

The rest of the paper is built in the following sections. In section 2, some
of the past studies in the allied field are summarized. It may be noted that
studies related to the factors influencing job satisfaction of HR professionals
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are not amply available. Section 3 briefly outlines the research methodology.
In section 4, the key findings are highlighted. Section 5 sketches the
research implications of the current study. Section 6 concludes the paper
while mentioning some of possible future scopes for further work.

Background

The growing strand of the literature is rife with a sizeable number of
contributions related to motivation. For example, Baum et al (1997) defined
motivation to be that guiding force that helps in energizing, sustaining and
directing one’s efforts in achieving one's goals. It is generally believed that
a self-motivated individual (in this case an employee) would be more
productive for any organisation as he/ she would be prepared to walk that
extra mile in realizing his/her goal as well as that of the organisation
(Ghebregiorgis, 2018). In an organisation set-up, public or private, EM is
regarded to be the key element for its sustainability (Baldoni, 2005). The
term EM refers to a set of processes undertaken by an organisation to
encourage its workforce to set higher goals to achieve (Creswell et al, 2012),
implying that employee performance (EP) is positively correlated to EM.
Baldoni (2005) states that EM significantly contributes to raising EP in
achieving the organisational goals (OG), proving that motivation is the sole
driving force culminating in higher EP in any organisation (Amabile, 1997;
Sharma & Raj, 2022).

Skudiene & Auruskeviciene (2012), reported that lack of EM affects the
productivity of a firm to a great degree, reiterating Vroom’s (1985) theory
that the OG depends on the motivation level (ML) as well as on the long-
term association (LTA) of the employees in that respective organisation.
Employee attrition (EA), on the other hand, is considered to be a significant
loss to an organisation as it loses the skill, expertise, experience, and
aptitude of the MP (Wang et al, 2020), resulting in additional cost bearings,
thereby affecting the organisation financially (Hackman and Oldham, 1976).
Therefore, to discourage this and considerably bring down the EA rate,
companies across the globe incentivize their employees with periodic
performance-related bonuses’, rewards, increments, fringe benefits, etc. to
attain the OG’s in due timeframe (Nyameh et al, 2013). Earlier works in this
field indicate that the process of enhancing EM lies in the satisfaction
guotient gained from the assigned task only. Employment growth depends
on the degree of EM and their LTA with the organisation (Vroom, 1985),
resulting in the reduction of cost of recruitment and employee maintenance,
extending the advantage of expanding the vocation if the system can retain
motivated employees for LTA (Nyameh et al, 2013). Therefore, EM refers to
a procedure where organisations inspire their employees with the shape of
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bonuses, rewards, increments, etc., to achieve organisational goals
(Creswell et al, 2012).

The relationship between motivation, work satisfaction, and job
performance is examined in Jalagat Jr (2016)'s study. It was shown that
financial factors had a big impact on motivation. Herzberg's approach,
however, cast doubt on the idea that money is the only factor in motivation.
The research findings indicate that these variables function in a circular
manner as opposed to a linear one. Furthermore, a correlation was found
between improved performance and increased work satisfaction. Hence, it
highlights how teamwork is necessary to accomplish goals at both the group
and organizational levels.

Job satisfaction was shown to be negatively impacted by work
motivation in a study by Hajiali et al (2022) that focused on employees.
Specifically, poor employee motivation was found in the areas of existence,
connectivity, and advancement, highlighting the need for improvements to
increase job satisfaction. Employee performance was positively, although
not significantly, impacted by competence. This suggested that innovation,
technological integration, and career development needed to get more
emphasis. It is interesting to note that, although being there, employee work
satisfaction did not appear to be very effective in improving performance
because of a perceived mismatch with directed abilities.

Ho et al (2022) found that a variety of factors, including career fit, career
sacrifice, kinds of overseas workplaces (domestically vs internationally
based organizations), and cross-cultural work adaptation, affect career
happiness among professional accounting returnees. Interestingly, it was
shown that the association between career fit, career sacrifice, and career
happiness was somewhat mediated by cross-cultural work adaptation.
These results provide important background for creating employee
experiences that support job happiness for professionals entering the
accounting sector again abroad.

Dodanwala et al (2023) looked at issues with staff retention in the
construction sector in Sri Lanka. It made an effort to demonstrate how role
conflict and ambiguity directly affect work satisfaction. Three factors have
been found to be predictive of workplace stress: role conflict, work-family
conflict, and job satisfaction. The study demonstrated how work satisfaction
mediates the relationship between "role ambiguity, role conflict, and job
stress". Furthermore, it was shown that work stress and job satisfaction
were direct predictors of desire to leave. This demonstrates the complex
links that exist between job role pressures, job satisfaction, job stress, and
desire to leave the construction industry.
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The effect of COVID-19 on Chinese teachers' work satisfaction was
investigated in the Fute et al (2022) study. It was discovered that teachers'
work values had a significant impact on job happiness, and that work
engagement successfully mediated this link. There were noteworthy
associations found between work values and job happiness as well as work
engagement. The results shed light on the dynamics of teacher well-being
in the difficult COVID-19 pandemic scenario and emphasize the critical roles
that work values and work engagement play as determinants of job
satisfaction.

Work discipline had no effect on employee performance, while
empowerment was shown to greatly improve it in the Alfarizi et al (2022)
study. Work discipline had a major beneficial impact on job satisfaction, and
empowerment also had a good impact. Employee performance showed a
favorable and substantial correlation with job satisfaction. Moreover, a
partial mediator in the link between employee performance and
empowerment was shown to be work happiness. Interestingly, it completely
mitigated the impact of job discipline on worker productivity. These findings
highlight the critical roles that work happiness and empowerment play in
improving overall performance among workers. In a different work in this
context, teacher empowerment and work satisfaction were found to have a
substantial and favorable link in Ahrari et al (2021)'s thorough meta-
analysis. Interestingly, self-efficacy and decision making showed strong
positive effects on work satisfaction, and professional development followed
suit. On the other hand, among instructors, autonomy, influence, and
position showed a negative correlation with work satisfaction. These results
highlight the critical role that teacher empowerment plays, highlighting the
significance of decision making, self-efficacy, and professional development
in promoting increased work satisfaction (Dmytriyev et al, 2021).

The expanding corporate awareness of social, ethical, and ecological
goals beyond financial profits is highlighted by Chams & Garcia-Blandén
(2019). In line with the Sustainable Development Goals (SDGSs), "green”
firms have found that SHRM, or sustainable human resource management,
is a catalyst. Key claims are revealed by Chams & Garcia-Blandén (2019),
the first of which is the Collective Sustainability Theory, which combines
Parsons Social System theories with Social Learning. (2) Workers that have
stronger environmental values are developing green competences,
exhibiting green behaviors, and supporting SDGs 8 and 10. (3) Role rotation
and green training are crucial for developing capabilities in line with SDG
12. (4) Characteristics and leadership style that create a green company
culture for SDG 8. These claims provide a conceptual basis and paths for
empirical investigation, directing future studies in sustainable management.
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Human resource development (HRD) is essential to the advancement
of ethics, sustainability, and corporate social responsibility (CSR), according
to Garavan & McGuire (2010). The authors contend that while there is
skepticism about HRD's connection with short-term business ambitions,
Societal HRD (SHRD) should both challenge organizational efficiency and
preserve a conscious business function. A thorough framework for SHRD
initiatives to refocus agendas, hold companies responsible, and exercise
leadership in CSR, sustainability, and ethics is presented in the report. While
providing insights on SHRD's capacity to promote long-lasting beneficial
impacts on societal and corporate well-being, it also acknowledges the
contextual complexities impacting HRD's contribution.

Dirani et al (2020) examine leadership responsibilities both during and
after COVID-19, stressing the skills necessary for crisis management.
According to their research, a number of critical leadership qualities are
necessary for an organization to thrive. These qualities include giving the
company a purpose, delegating leadership, communicating effectively,
facilitating technology access, putting emotional stability first, preserving
financial stability, and encouraging resilience. In light of the ongoing
epidemic, the report suggests that HRD plays a strategic role in assisting
leaders by offering trustworthy data, building networks, encouraging
innovation, allowing continuous learning, setting up frequent meetings, and
setting up venues for employee celebrations. In order to solve the crisis of
confidence in business, Stahl et al (2019) highlight the increasing necessity
for firms to adopt corporate sustainability (CS) and social responsibility
(CSR). In support of HRM's critical role in advancing CS/CSR initiatives,
Stahl et al (2019) offer a multi-stakeholder sustainable HRM strategy. The
radical framework expands the emphasis beyond the confines of the
enterprise in order to question current HRM ideas while acknowledging prior
accomplishments. HRM is encouraged to include CS/CSR concepts,
promote stakeholder alignment, and navigate obstacles by collaborating,
engaging, as well as harmonizing in the midst of the present crisis of
confidence.

Herrera & de las Heras-Rosas (2020) investigate trends in Corporate
Social Responsibility (CSR) and Human Resource Management (HRM)
research by doing a bibliometric study of 314 articles from Web of Science
journals. The survey shows that within the past ten years, there has been
an increase in interest in these ideas. However, there are still many different
ways to perceive what CSR and HRM are, as well as how they relate to one
another. A few noteworthy rising topics include research methodologies
analysis, "competitive advantage, satisfaction, performance, commitment,
green management, and sustainability.” The changing function of human
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resource management (HRM) in the context of digital transformation is
examined by Fenech et al (2019). A qualitative study of interviews
conducted with HR professionals in the United Arab Emirates demonstrates
that although digitalization has an influence on HR practices on a day-to-
day basis, particularly on HR information systems, HR's strategic
contribution to digitalization initiatives is viewed as lacking. In order to
optimize the potential advantages of digitalization, the study highlights the
necessity for HR to take a more central role in developing and coordinating
digitalization plans.

From the review of the allied work it is seen that there is lack of focused
work to figure out the factors that make HR professionals satisfied in their
job role and fulfil their higher order motivational needs. It is noted that quite
a number of studies are being conducted to understand the general
motivational factors that influence the job performance and also, to establish
various roles of the HR professionals in the current age. However, there is
a need to connect the dots such as higher order motivational needs behind
job satisfaction and the underlying factors driving the satisfaction of HR
professionals.

Research methodology

The research has been carried out through three stages. In what
follows are the brief descriptions of the stages.

Stage 1. Identification of the variables that drive the satisfaction of HR
professionals in their roles. At this stage, a focused group interview of 25 senior
HR professionals was conducted. These professionals are all holding the role
of Chief Human Resource Officers (CHROSs) in their respective organizations.
Table 1 provides a brief outline of the profile of the professionals.

Table 1 — Respondents’ profile (jn the CHRO role)

Profile Number Profile Number
Industry Years of experience
Automobile 6 20-25 6
FMCG and FMCD 4 25-30 9
Service 3 Total 15
Technology/ IT 2

Total 15

Through a round of discussions with each of these professionals over
25-30 minutes on an average, it was found that they had not wanted to be
HR professionals by choice. However, they became HR professional based
on career progression and/or because of non-availability of other options.
While answering to the question about what drives them to satisfaction, the
following variables were found (Table 2).
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Table 2 — List of the features that satisfy the HR professionals in their role

Variable Statement
V1 HR as a profession has given me what | am today
V2 Identity achieved that | hardly dreamt of
V3 Credibility as an HR bringing people’s respect within the organization
V4 Satisfaction of enjoying the power of employment
V5 Humble feeling as people refer candidates for employment

V6 Contributing to the cause of the people
V7 Confidence of colleagues soliciting help for their problems

Stage 2. Identification of the underlying factors

To further explore the features that act as the primary catalysts behind
job satisfaction in the HR role, we proceeded to carry out a large scale
exploratory analysis. For that purpose, a gquestionnaire was designed
adopting the JES (Job Engagement Scale) developed by Rich et al (2010)
and the same was circulated to potential participants. Email services were
employed to gather data by creating online forms. An email was sent to
participants multiple times asking them to fill out the questionnaire. 513
responses were collected from currently active human resource
professionals of India across industries representing all the tiers of the
hierarchy. A total of 423 responses were finally considered for the study, the
rest dropped out because of incomplete data. Table 3 provides the profile of
the respondents who took part in the survey.

Table 3 — Profile of the respondents took part in the survey

Profile Number Profile Number Profile Number
Gender Education Years of
(Graduate Level) experience
Male 286 Science 97 Less than 5 27
years
Female 137 Engineering & 37 5-10years 82
Technology
Total 423 Commerce 117 10 - 20 years 184
Age Management 52 Above 20 130
(years) years
Below 38 Arts and 78 Total 423
30 humanities
31-40 179 Others 42 Origin place
41-50 148 Total 423 Urban 366
Above 58 Non-urban 57
50
Total 423 Total 423
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The reliability of the data set was ascertained with the help of
Cronbach’s alpha test as proposed by Shrestha (2021); it is considered as
a measure of scale reliability and internal consistency (Tavakol et al,
2008).

nr
o==--
v+r(n-1)

Here, nis the number of items, Vdenotes the average variance and ris
the average inter-item covariance among the items.

Next, the sample adequacy test was conducted using the KMO
(Kaiser- Meyer-Olkin) measure. Expression (2) gives the definition of the

j I

B Zi;ﬁjRiJ? +Zi¢juilg

Here, R;is the element of the correlation matrix and Uj;is the element of

the partial covariance matrix.

The present study seeks to uncover the factors that influence HR
professionals most to derive job satisfaction. The exploratory factor
analysis (EFA) was performed on the data set to delve into the complex
interrelationships existing among items and to find out the latent factors
(Shrestha, 2021).

Stage 3. Confirm the interrelationship among the underlying factors
obtained through the EFA and establish the theoretical and practical
implications for explaining the job satisfaction of HR professionals.

(1)

)

Results

First, the reliability of the responses is examined. Cronbach’s alpha
was recorded at 0.764, hence it has been considered within the acceptable
limit (DeVellis & Thorpe, 2021; Bland & Altman, 1997; Nunnally &
Bernstein, 1994). The composite reliability (CR) of the instrument was
measured at 0.781 which is acceptable as Fornell and Laker suggested
that a CR value of 0.6 indicates that the convergent validity (CV) of the
construct is adequate.

As a next step, the sample adequacy test was conducted using the
KMO (Kaiser-Meyer-Olkin) test which resulted in 0.705 as shown in Table
4. Expression (2) gives the definition of the KMO measure.
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Table 4 — Kaiser-Meyer-Olkin and Bartlett’s Test of Sphericity

Kaiser-Meyer-Olkin (KMO) Measure of Sample Adequacy 0.705

Bartlett's Test of Sphericity — Approx. Chi-Square 1065.673
df. 21
Sig. .000

A KMO value of > .6 is considered acceptable for a sample of > 300
(Tabachnick & Fidell, 2013; Kaiser, 1970, 1974; Guttman, 1954). Using
EFA the model explained has been to the extent of 78.195 percent (ref.

Table 5).
Table 5 — Explanation of the total variance

Factor Total % of Variance Cumulative % Total % of Variance Cumulative %

1 2.954 42.204 42.204 1.883 26.896 26.896
2 1.402 20.023 62.227 1.69 24.141 51.037
3 1.118 15.968 78.195 0.858 12.252 63.289
4 0.541 7.733 85.928

5 0.448 6.401 92.329

6 0.304 4.347 96.676

7 0.233 3.324 100

The derived variance explained that the value of 78.195 conforms to
the fit range for further investigation on the aspect. The variance-explained
values > 60% are deemed fit and fall within the accepted range for further
investigation in social science (Field, 2018; Stevens, 2009; Child, 2006;
Kaiser, 1974). From here, the study proceeded to investigate and
understand the nature of the constituent variables comprising the three
factors thus formed (Table. 6).

Table 6 — ldentification of the factors

Factors
Variables 1 2 3

Vi 0.942

V2 0.827

V3 0.652

V7 1.017

V6 0.649

V5 0.677
V4 0.668
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It is evident from Table 6 that three factors (F1, F2, and F3) resulted
in containing seven variables: V1 (HR as a profession has given me what
| am today); V2 (Identity achieved that | hardly dreamt of); V3 (Credibility
as an HR bringing peoples respect within the organisation); V4
(Satisfaction of enjoying the power of employment); V5 (Humble feeling as
people refer candidates for employment); V6 (Contributing to the cause of
the people); and V7 (Confidence of colleagues soliciting help for their
problems). F1 has been termed as ‘ldentity’, F2 has been termed as
‘Power’ (here power signifies authority of taking beneficial decisions for the
benefit of the organisation), and F3 has been termed as ‘Societal
Leadership’.

From the exploratory analysis and the discussions with the focused
group, it is apparent that HR professionals enjoy the trust and respect
conferred on them by the people who eventually create an identity of the
profession. They enjoy the power to create the employment opportunity,
recruit and nurture the talents for the development of the individuals and
the business as well. However, societal leadership is a dominant motivator
for HR professionals. Hence, we surmise the following hypotheses:

Ha: The identity is positively influencing the societal leadership.

Hy: The identity is positively influencing the power.

Hc: Power plays a significant role as mediator to influence the
relationship between identity and societal leadership.

Accordingly, we build the conceptual model for a further causal
analysis as given in Figure 1.

Figure 1 — Conceptual model and the path diagram
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From the EFA results, the study proceeded to conduct the mediation
analysis as it explores the series of bonding between a host of variables
(Ballen & Salehi, 2021). In this case, the study investigates the relationship
between the three constituent factors: F1, F2, and F3 containing eight
variables. Table 7 suggests that F2 (power) acts as a mediating variable
between F1 (identity) which acts as the independent variable, and F3
(societal leadership) which acts as the dependent variable. It is evident
that F1 and F2 directly influence F3. Therefore, it can be suggested that
F1 and F2 are significantly the major reason for HR professionals’ job
satisfaction as through F1 and F2 their higher order motivational needs get
fulfilled. Thus, all the objectives taken up have been duly met in the course
of the study.

Therefore, it is observed that all the hypotheses are supported. It is

contended that Identity has a significant positive influence on SL and
Power while the later plays a significant mediating role.

Table 7 — Estimation parameters of the model

Indices Parameters Permissible limits Model
Goodness-of-fit Chi-Square As low as possible 17.07
Indices Degree of Freedom (DOF) As high as possible 10

Normed Chi-Square (chi- Between 2to 5 1.707

Square/ DOF)

P- Value Less than 0.01 or 0.05 0.073
Absolute- fit GFI Oto1l 0.989
Indices

Adjusted GFI >0.80 0.969

RMSEA <0.08 0.041

90% Confidence Interval - 0.073
Incremental fit NFI >0.9 or 0.95 0.984
Indices

TLI or NNFI >0.9 or 0.95 0.986

CFlI >0.9 or 0.95 0.993

IFI

>0.9 or 0.96 0.993

Hoelter Indices PNFI 0.5 455

PGFI 0.1 577
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Research implications

Human Resources Profession has been continuously evolving,
starting from industrial relation - legal framework towards people culture,
human behavioural development. New generation organisations are more
proactive in engaging quality human capital and in ensuring that a work
place is happily productive and performance driven.

During this continuous transition and evolution from Industrial
Relation to Human Resources development, the key driver was the
“‘Humane Factor” inside the evolving organisation. Organisation Culture,
Organisation Development, Learning and Development came out with a
fast pace with a plethora of new knowledge in organisation behaviour. The
role of Industrial Relationship also developed stronger into people
development, where people and performance started getting measured for
developing future organisation leadership and talent development. People
started to recognise the most important resources for the organisation.

While introspecting continuous development in Human Resources as
a profession, human resource professionals or practitioners (HRPT)
should also require higher-order motivational needs (HOMN) which can
satisfy and drive them to felicitate and enable People Work Force for
performance and business profitability. During our national study with HR
professionals and their satisfaction drivers, we identified and focussed on
three key factors which were the professional motivation creators for the
Human Resource Practitioners.

The research focus was to validate the hypotheses and the linkage of
the factors like

i)  Power (Authority) — Creating and giving employment, ownership of
organisation’s discipline and culture, authority to evaluate
employees’ performance and financial benefit;

i)  Identity: Respect and credibility from people by coaching,
developing, mentoring, guiding employees for their success and
developing their future; and

iii)  Societal Leadership: Helping employees beyond, helping society
by CSR, a human role model as a helping hand with fairness and
trust.

The empirical study has significantly depicted that, for HR
professionals, both Power (authority) and Identity (Respect and Credibility)
are the major professional satisfaction drivers (higher order motivational
needs). Both Power and Identity (Respect) drive HR professionals. The
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power and identity factors converge to the societal leadership motivating
HR professionals in their job roles.

From the managerial perspective, this work presents a significant
contribution. It is revealed that HR professionals feel satisfied to contribute
to the society. The entrusted authority enables the professionals to build
credibility towards the societal contribution. These findings will provide a
valuable impetus to organizations for talent management and for guiding
aspirants to shape their careers in the HR profession.

The existing framework has some limitations. First of all, it unfolds
underlying factors and thereby discovers the mediation effect. It does not
prioritize the underlying factors. For that purpose, the framework used in
this paper may be supported with the group decision-making models used
in some of the recent work (Bairagi, 2022).

Conclusion and a future scope

Umpteen numbers of studies over decades have focused on decoding
the tenets of employee motivation (EM) and employee satisfaction (ES).
However, nothing significant has been done in this regard to the higher-
order motivational needs of HR practitioners. This work has tried to unfold
the mystery of the higher-order motivational needs driving the job
satisfaction of HR professionals. It has tried to understand what makes HR
professionals satisfied other than the prescribed lower-order motivational
needs, such as handsome remuneration, employee-friendly HR practices,
promotional ease, job stability, and sustainable after-retirement benefits
that are common to the workforce. The principal objective of this study was
to understand the specific issues of identity, power, and societal
relationships, and their underlying role in forming the basis for higher-order
motivation among HR professionals, if any. A quantitative primary survey
was conducted in India among HR professionals, where n = 423. The
results of the survey strongly suggest that there exists a high degree of
correlation between identity, power, and societal relationships when it
comes to HR professionals. Having identified the said higher order factors
with the help of EFA, the study further employed a mediation approach
constructing the path diagram to understand the relationship between the
factors. The mediation strongly suggests that there exists a strong
relationship between the factors where Power plays the role of the
mediating variable, between Identity (independent variable) and Societal
Leadership (dependent variable).

The current work has the following scope for further research
opportunities. For example, a future study may be designed to discern the
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antecedents of the selection of HRM as a career for professionals. The
research question may be put as whether HRM as a career was
thoughtfully opted for or it was selected as per availability under situation.
Further, a future research may look into the inherent interests that
dominate the choice of HRM as a career option and subsequently
influence the satisfaction level. In another study, future researchers may
investigate whether demographic variables have influences on the career
selection and the satisfaction level. From the technical point of view, future
work may think of developing uncertain models to carry out the causal
analysis for exploring the underlying factors influencing the selection of a
HRM career and success in it. Also, the present work uses the subjective
opinions of the respondents which may suffer from inconsistencies. To
better control the subjective bias, a future work may utilize the uncertain
models using fuzzy or rough numbers. Nonetheless, the current work
apparently provides a new perspective to shape up HRM as a career
option and success thereof.
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Resumen:

Introduccién/objetivo: La Gestibn de Recursos Humanos (HRM) ha
evolucionado como una funcidn estratégica para una organizacion,
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contribuyendo  significativamente al desarrollo organizacional, el
crecimiento empresarial y el desarrollo social. El trabajo actual llena el
vacio en la literatura al revelar las necesidades motivacionales de orden
superior que impulsan la satisfaccién de los profesionales de recursos
humanos (RRHH) en sus funciones laborales. Ademas, pretende
profundizar en la relacion causal de los factores subyacentes.

Métodos: Se lleva a cabo un andlisis exploratorio y de mediacion detallado
en tres etapas. En la primera etapa, se realizé una entrevista grupal
focalizada a 25 profesionales senior de recursos humanos. Todos estos
profesionales desempefian el papel de directores de recursos humanos
(CHRO) en sus respectivas organizaciones. En la segunda etapa, se lleva
a cabo un analisis exploratorio a gran escala basado en las respuestas de
423 encuestados. La tercera etapa confirma la interrelacion entre los
factores subyacentes obtenidos a través de la EFA.

Resultados: Los resultados de la encuesta primaria de 423 profesionales
revelan los tres factores subyacentes, como la identidad, el poder y el
liderazgo social (SL), gue motivan a los profesionales de RRHH e impulsan
su satisfaccion en el puesto de trabajo. Ademas, se observa que el poder
media la interrelacion entre identidad y SL.

Conclusion: Los resultados de la encuesta sugieren fuertemente que existe
un alto grado de correlacion entre identidad, poder y relaciones sociales
cuando se trata de profesionales de recursos humanos.

Palabras claves: satisfaccidn del rol, gestién de recursos humanos,
liderazgo social, analisis factorial exploratorio, mediacion.

MHoroMepHas CTpykTypa Ans U3y4eHUst MOTUBaLMOHHbIX (hakTOpOoB,
CNoco6CTBYOLUMX YAOBNETBOPEHHOCTH CNELIMANNCTOB NO
yNpaBneHuo YenoBe4YECKNMM pecypcamum

Manak P. Yakun?, baHu N'yxa®, CaHdxu6 Buiusace,
FTomam Banpgrobanxuand, Manu Bxatavapmxu®

@ HaumoHanbHbIN TEXHOMOMMYECKMI MHCTUTYT, AenapTaMeHT ynpaBneH4ecKnX
nccnegosaHuin, fypranyp, 3anagHasa berranusa, Pecnybnuka NHansa

6 Llikona 6usHeca Kcasbepa, KanbkyTtTa, 3anagHas GeHranus,
Pecnybnuka MHaumsa

® YHuepcuteT AmMuTty, Lkona 6usHeca Amutu, KanbkyTTa,
3anapHas beHranus, Pecnybnvka MiHousi, koppecnoHaeHT

" TexHonornvecku MHCTUTYT Bennopa, YeHHau,
Tamun Hagy, Pecny6nuka NHansa

PYBPUKA T'PHTW: 83.03.51 MNMpuknagHas matemaTuyeckasi ctaTucTmka
B[O CTATbW: opuruHanbHasa HayyHas ctatbs
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Pesome:

BeedeHue/uenb: YnpaeneHue 4enogedeckumu pecypcamu (HRM)
paseunocb Kak cmpameaudyeckass hyHKUUs op2aHu3ayuu, Komopas
gHocum 3HayumerbHbIl 6KMad 8 ee pa3gumue, a makxe 8 pocm
busHeca u coyuanbHoe padsumue. [aHHasi cmambsi 3arnosHsem
npoben 8 cywecmsytoweli numepamype, packpbigasi
MomueayuoHHble nompebHocmu 6osee 8bICOKO20 ropsiOka, Komopble
crnocobcmeytom y808/1eme8opeHHOCMU MeHedXepos8 o nepcoHany
ceoeli pabomol. B cmambe makxe uccnedyemcsi MpPUYUHHO-
cnedcmeeHHass  €853b  hakmopos,  Komopas  criocobcmeyem
ydoer1emeopeHHOCMU.

Memodei: lNposedeH mpexamarnHbili Mo0pobHbIl uccriedoeamesibCKull
U NpoMexymouHbll aHanusbl. Ha nepeom smane 6bia onpoweHa
epynna u3 25 cmapwux MeHedXepoe Mo repcoHasy, Kaxobil u3
Komopbix bbii1 MeHeOXepoM 0 NepPCcoHasy 8 C8oUxX opa2aHu3ayusx. Ha
emopom smare b6bin npoeedeH macwmabHbili uccrnedogamesnbeKul
aHanu3 Ha ocHose omeemog 423 pecrioHOeHmos. Tpemuli sman
nodmeepousi 83auMOCB53b OCHOBHbIX (HaKmMopOos, [10/IyHEHHYK C
rnomMouwbro uccriedosamesibCKo2o (hakmopHo20 aHanu3a (EFA).

Pesynbmamesi: Pe3ynbmamsbi onpoca 423 crieyuanucmos rokasaru,
Umo 8 O0CHO8e uxX Momueauuu u ydoernemeopeHHocmu pabomoli
nexam mpu ¢hakmopa (udeHmu4YyHocmb, eracmb U coyuarnbHoe
nudepcmeo). Takxe b6bIO 8bisI8NIEHO, YMO eracmb rnpedcmasrisem
coboli MeduaHHbIl 3r1eMeHm 8 OMHOWEeHUSIX Mexdy UOeHMUYHOCMbIO
u coyuarbHbIM 1UOepPCMaeoM.

Bbigodhbi: Pesynsmamel uccriedosaHusi ybedumernbHO
ceudemenibcmeylom O 8bICOKOU CmerneHu Koppensyuu Mexoy
UGeHMUYHOCMbIO, 8/lacmbio U couuarnbHbIM udepcmeom 8 pabome
HR-cneyuanucmos.

Knwouesble  crnosa.  ydoenemeopeHHocmb  mpydoeoll  Poribio,
yrnpaseJsieHUe 4Yerio8eYyeckuMU pecypcamu, coyuasibHoe udepcmeo,
uccrieGosamernbCcKull ¢hakmopHbIl aHanus, Mmeduayus.

MynTuBapujaHTHM OKBUP 3a UCNUTUBAHE MOTUBALMOHKX chakTopa Koju
JOMpUHOCe 3a40BOSbCTBY CreuujanucTta y ynpaerbamy rbyACKUM
pecypcuma

Manak P. Yakun?, baHu N'yxa®, Canyuu6 Buwwsac®,
Fomam Banpjy6anxwjaj?, Manu BxaTtavapym®

2 HauunoHarnHu MHCTUTYT 3a TexHonorujy, Oacek 3a cTyavje MeHalLMeHTa,
Oypranyp, 3anagHuu bexran, Penybnuka MHawvja

5 MocnoeHa wkona Kcaewep, Konkarta, 3anagHu Gexran, Peny6nuvka MHauja

& YHuBepanteT AMuti, MNMocnosHa wkona AmMuTu,
Konkata, 3anagHu benran, Penybnuka NHawja, ayTop 3a npenucky

" TexHonowku nHCTUTYT Benope, YeHnaj, Tamun Hagy, Penybnuka NHanja
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OBJIACT: maTtemaTtuka, ctaTucTuka
KATEITOPWUJA (TWUIM) YITAHKA: opuruHanHu Hay4Hu pag

Caxemak:

Yeod/uyurb: Ynpaerbame sbyOckum pecypcuma (XPM) passusno ce kao
cmpameuwka byHKyuja opaaHu3ayuje Koja 3HaqajHo OOMpPUHOCU H-EHOM
pass8gjy, Kao U ocrosHoOM pacmy u OpywmeeHoMm pa3eojy. Oeaj pad
nonyrwaea npasHuHy y rocmojehoj numepamypu mako Wwmo omkpusa
momuseauyuoHe rnompebe suweez peda koje dorpuHoce 3adosorbcmay XP
MeHayepa y Hhuxosum padHUM yriozama. Takohe, ucmpaxyje ce y3po4HO-
rnocneduyHU 00HOC ¢hakmopa Ha Kojuma mo 3ad080s/bCMEO0 royuea.

Memode: WsepweHa je OemarbHa ekcriopamueHa U MedujayuoHa
aHanusay mpu ¢pase. Y npeoj chasu uHmepsjyucaHa je epyra o0 25 suuiux
XP meHapepa koju cy bunu Ha no3auyujama pykogodunaua cryxbu 3a
IbYOCKe pecypce y ceojum opaaHu3ayujama. Y dpyeoj ¢pasu criposedeHa je
eKcriyiopamueHa aHarnusa eefiukoz obuma Ha OcHogy odzoeopa 423
ucnumanuka. Tpeha ¢hbasa je nomepousna melycobHe 00HOCE OCHOBHUX
ghakmopa 0obujeHe eKcropamueHOM (hakmopcKom aHanusom (EQA).

Pesynmamu: Pe3ynmamu aHkemupara 423 cmpydyraka omkpueajy 0a
cy mpu ¢hakmopa (udeHmumem, moh u dpywimeeHo 80HCmeo) y ocHosu
HUuxoee Momusayuje u 3adosorbcmea Ha rocrny. Takohe, yodeHo je da
moh npedcmaerba MedujayuoHu eneMeHm |y Oo0Hocy — u3mely
udeHmumema u OpyuimeeHoe gofjcmaa.

Sakrbyyak: Pesynimamu ucriumusarsa rokasyjy jake uHouuuje da nocmoju
8UCOK cmerieH Kopenayuje usmehy uéeHmumema, mohu u dpywmeeHo2
gofjcmea kada je peq 0 cmpydrayumMa u3 obrnacmu rbydcKuX pecypca.

KrbyuHe pedu: 3a0080/bCME0 padHOM yr1020M, yripasrbar-€ SbyOCKUM
pecypcuma, OpywmseHOo 80fjcmeo, ekcriopamusHa akmopcka
aHarnusa, medujayuja.
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Abstract:

Introduction/purpose: In this paper, the aerodynamic characteristics of a
special bullet were investigated at supersonic conditions. A model of a
handgun saboted bullet was selected for the study.

Methods: The method used in the research was computational fluid
dynamic (CFD) simulation. The turbulence model k-¢ was used for
numerical calculation. The air model was selected as an ideal gas. For air
viscosity, the Sutherland model was applied.

Results: The numerical simulation results show the behavior of the
supersonic flow over the saboted bullet. By varying the petals opening angle
and bullet velocity, their influences on the drags of the sabot and the
penetrator were obtained to be used for later sabot separation study.
Conclusion: The study shows that the CFD simulation approach can be
implemented to analyze the aerodynamic drags on the sabot and the
penetrator after the saboted bullet leaving the gun barrel. The simulation
results obtained in this work are important in designing saboted light armor-
piercing bullets fired from handguns.

Key words: saboted bullets, handgun, aerodynamic characteristics, Ansys
Fluent, CFD, numerical simulation.

Introduction

Increasing the performances of weapon systems is always necessary
for any army in the world. Modern ballistic vests are effective against
standard bullets (Odanovi¢ & Bobi¢, 2003; Stopforth & Adali, 2019;
Yaneva, 2020; Zochowski et al, 2021). This fact prompts weapon
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designers to find new ways to enhance the penetrating ability of bullets.
One method is to use saboted bullets. This kind of bullets consists of a
light-weight polymer sabot, an aluminum supporting base and a penetrator
made of heavy-weight material (depleted uranium, tungsten carbide, etc.).
After exiting the gun muzzle, the penetrator separates from the sabot and
continues flying to the target alone. Due to high muzzle velocity and a small
cross-sectional area, the penetrator delivers a very high penetrating
performance (Abdelsalam & Fayed, 2022). Such a bullet structure has
been successfully implemented in some weapon systems such as
American 7.62x51mm M948 and 12.7x99mm M903 (Starek & Stepniak,
2021), 6.5x25mm CBJ (CBJ Tech, 2024) and Singaporean 12.7mm SLAP
(Ministry of Defence, Singapore, 2016). Compared to standard bullets,
saboted bullets own significant advantages: better penetrating
performance; higher hit probability; longer range; higher impact velocity;
lower levels of barrel wear and corrosion; and non-toxicity since they do
not contain lead. They are effective against all targets of small arms, such
as light ground vehicles, helicopters, etc. as well as highly protected
troops. Their typical structure is presented in Figure 1.

Cartridge

Aluminum support
~

Bullet

Polymer sabot — — -

Penetrator

Figure 1 — Structure of the 6.5x25mm CBJ cartridge and the bullet

The working principle of the saboted bullet is as follows: after exiting
the gun muzzle, under high centrifugal and aerodynamic forces, the sabot
undergoes deformation when the sabot petals open at some angle
increasing the sabot area exposed to air flow. Consequently, the drag on
the sabot is much greater than the drag on the penetrator. Due to this drag
difference, the penetrator gradually separates from the sabot. The sabot
separation process is illustrated in Figure 2. After separating from the
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penetrator, the sabot remains intact and continues on its intended course.
Eventually, the sabot descends to the ground.

¥

Barrel Petals Penetrator

Figure 2 — Sabot separation process

In the saboted bullet designing process, one of the crucial problems
is to investigate the interaction between the air and the bullet under
different conditions. Although there is a significant number of studies on
the separation process of the armour-piercing fin-stabilized discarding
sabot (Lin & Lai, 1997; Huang et al, 2014; Lesage & Girard, 1996;
Patanwala et al, 2023), the separation process of saboted bullets has not
been appropriately studied. The present work aims at studying the
aerodynamic characteristics of the supersonic flow around a saboted
bullet, including the drags acting on the sabot and the penetrator at various
muzzle velocities and petals opening angles. The muzzle velocity ranges
from 500m/s to 600m/s with an increment of 20m/s. The petals opening
angle changes in the interval from 50° to 80° with an increment of 10°. The
remaining structural parameters of the bullet are unchanged according to
ballistic restrictions and designing requirements.

Numerical approach

Geometry model

In this research, a saboted bullet intended to be fired from 7.62mm
caliber handguns has been considered for investigation. The bullet
geometry details are presented in Figure 3. All the dimensions are
presented in mm. The bullet consists of three components: a penetrator, a
sabot with 6 petals, and an aluminium support as in the case of the
6.5x25mm CBJ structure.

The investigated air domain is shown in Figure 4. The domain length,
width and height are 40L, 10L and 10L, respectively. Here, L is the overall
length of the saboted bullet (L = 17.5mm in our case). The air domain was
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created big enough to properly describe the turbulent flow behind the
sabot.

175

[5:711]
5999
4377}

Aluminum support Sabot Penetrator

Figure 3 — Bullet dimensions (in mm)

Figure 4 — Air domain dimensions

Mesh generation

In order to reduce burden on the mesh generation procudure, the
aluminum support and the sabot were modeled as a unified object. This
simplification does not affect the simulation accuracy since the aluminum
support and the sabot are securely connected with each other and stay
together for the whole separation process. Based on the bullet structure
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and accuracy, the computational domain grid around the bullet was
automatically generated. Figure 5 shows the mesh generation results on
the bullet surface. There are a total of 3 365 498 mesh elements.

Figure 5 — Mesh around the bullet

Mathematical model

In this research, the Reynolds averaged Navier-Stokes (RANS)
equations were selected to calculate the drag and analyze the flow fields
around the bullet model. In the RANS methods, an averaged filter was
applied to the Navier-Stokes equations. The Reynolds stresses are
simulated by turbulent models. Despite only supporting averaged flow
fields, the RANS approach is greatly effective at saving calculation time
while maintaining a high level of accuracy. There are five Navier-Stokes
equations: the first one expresses the law of conservation of mass, the
next three describe the law of conservation of momentum, and the last one
represents the law of conservation of energy (Matsson, 2023). They are
as follows:

1
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where u, v and w respectively are the velocity in the x, y and z directions;
p is the pressure, t is the time, p is the air density, r is the deviatoric stress
tensor, Er is the total energy, q is the heat flux, Re is the Reynolds number,
and Pr is the Prandtl number.

In order to analyze the high-speed compressible flow around a
saboted bullet, the k-¢ turbulence model was applied. Introduced in 1974
(Launder & Spalding, 1974), this model quickly became one of the most
popular models used in computational fluid dynamics to analyze
aerodynamic characteristics for turbulent flow conditions. It is suitable for
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high Reynolds numbers or free stream flow. Various authors have been
successfully implementing the k-¢ turbulence model to predict
aerodynamic characteristics and analyze the flow around bodies with
complicated geometry involving separation and strong pressure fluctuation
(Do et al, 2022; Dolzhikov & Nikolaev, 2015; Ko et al, 2020; Trakic, 2020).
The k-¢ turbulence model enables turbulent eddy viscosity to be taken into
account using the kinetic energy k and the dissipation rate €. These
additional parameters are determined through the following equations:

olpk) . 9pk) oK)  O(pK) _ O s Kl
ot OX oy oz X Oy (6)
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where the function P is defined as:
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where k is the kinetic energy, ¢ is the dissipation rate, Ej represents the
component of the rate of deformation, and u; represents the eddy viscosity.
C1e, C2¢, o« and o: are constant numbers: Cs.= 1.44, C,.= 1.92, 0x =1.00
and o.= 1.30.
The turbulent viscosity (. is calculated using the equation below:
k2 )
= pC,—,
&

where the parameter C, is a constant number, C, = 0.0845.
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Boundary condition and convergence criteria

The abovementioned Navier-Stokes equations from (1) to (9) were
solved using Ansys Fluent numerical simulation software. The RANS
equations with the k-¢ turbulent model were applied in this research. The
density-based solver was used. The finite volume method with the second
order of numerical accuracy for pressure, density, momentum, and
turbulent kinetic energy was employed for the investigation. The air model
was an ideal gas. The Coupled algorithm was implemented for the
calculation. The calculation domain was defined with the following
boundary conditions: inlet, outlet, and wall. Velocity, static pressure, and
static temperature were established for the inlet flow. For the outlet flow,
static pressure was defined. Other setup parameters are presented in
Table 1.

Table 1 — Ansys Fluent simulation settings

Parameter Value
Inlet velocity Bullet's muzzle velocity
Gauge pressure 0 Pascal
Side Symmetry
Wall No slip wall
Viscosity model Sutherland
Temperature 300 K
Convergence criteria 10©

Validation

Although the numerical method and the simulation procedure have
been carefully selected and carried out in this study, the obtained results
should be compared with experimental data to verify the accuracy of the
results. Since no relevant experimental data has been published in open
literature so far, some limitations do exist regarding the result validation.
However, the main objective of this research is to investigate the effect of
the muzzle velocity of a bullet and the angle of petals opening on the drag
trend of the sabot and the penetrator; hence, experimental tests can be
conducted later as part of the continuation of this work to validate and
verify the overall calculation model for the separation phenomenon.
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Results and discussion

Flow field around the bullet

The pressure distribution around the bullet on the symmetric plane is
presented in Figure 6. Obviously, the pressure is the highest in the forepart
of the bullet while the pressure is significantly lower in the aftpart in
comparison with that in the forepart. Figure 7 shows the velocity field
around the bullet at a bullet velocity of 600 m/s and an angle of petals
opening of 80°. The flow separation takes place on the rear surface of the
sabot petals. The turbulence intensity of the flow is presented in Figure 8.
The most intense turbulence occurs in the space behind the opening
petals.

Figure 6 — Pressure distribution around the bullet (petals opening angle: 80°,
bullet velocity: 600 m/s)

Figure 7 — Velocity distribution around the bullet (petals opening angle: 80°,
bullet velocity: 600 m/s)
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Figure 8 — Turbulence intensity around the bullet (petals opening angle: 80°,
bullet velocity: 600 m/s)

Influence of bullet velocity on drag

Since bullet velocity is a defining parameter for exterior ballistic
fundamental problem solving, it is important to determine the drag of the
sabot and the penetrator for different velocities.

Moreover, the muzzle velocity of the bullet is one of the defining
parameters for the fundamental interior ballistic problem. In the penetrator-
sabot separation process, the bullet velocity gradually changes and, as a
consequence, the air drag acting on the sabot and the penetrator will
change. In this study, the drag of the sabot and the drag of the penetrator
were obtained for the velocity values ranging from 500 m/s to 600 m/s with
different petals opening angles.

The influence of velocity on the drag of the sabot and the drag of the
penetrator are shown in Figure 9, Figure 10, and Figure 11. Clearly, for all
values of petals opening angles, an evident tendency can be seen: the
greater bullet velocity, the greater the drags of the sabot and the
penetrator; the greater bullet velocity, the greater difference of the drags
on the sabot and the penetrator.

This means that the sabot and the penetrator leave each other quicker

with a higher bullet velocity. Additionally, the drag-velocity dependency is
almost linear for all the values of petals opening angles.
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Figure 9 — Influence of bullet velocity on sabot drag
for various petals opening angles
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Figure 11 — Influence of bullet velocity on the difference of the drags
of the sabot and the penetrator for various petals opening angles

Influence of petals opening angles on drag

In the sabot separation process, the petals opening angle graduallly
changes affecting the air flow state around the bullet and the aerodynamic
interference between the sabot and the penetrator. Consequently, the drag
of the sabot and the drag of the penetrator change with time. Therefore, it
is of great interest to investigate how the drag of the sabot and the drag of
the penetrator change with the changes of petals opening angles. In this
study, the petals opening angle varies from 50° to 80° with an increment
of 10°. Figure 12 - Figure 14 show the effect of petals opening angles on
the drag of the sabot, the drag of the penetrator and their difference for
various bullet velocities. Obvious tendencies can be observed. For any
value of bullet velocity, the drag of the sabot, the difference between the
drag of the sabot and the drag of the penetrator increase quickly with the
increase of the angle of petals opening. Consequently, the greater the
petals opening angle, the more quickly the sabot and the penetrator leave
each other. Hence, one can vary the material or/and the structural
parameters of the sabot, e.g. the sabot length, to influence the penetrator-
sabot separation process.
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Conclusion

In this research, in order to save experimental time and resources,
the numerical method was used to investagate the flow around a sub-
caliber saboted bullet and analyze the effect of bullet velocity and the sabot
petals opening angle on the drags of the sabot and the penetrator. The
following are the main conclusions derived from the study:

The numerical method is a powerful and effective tool to study the air
flow phenomenon around a complex body such as a saboted bullet,
especially to predict the drags of the sabot and the penetrator under
different conditions.

The pressure distribution around the bullet is complex: the pressure
is the highest in the forepart and significantly lower in the aftpart.

The most intense turbulence takes place in the space behind the
opening petals. The drag of the sabot, the drag of penetrator and their
difference are almost linearly dependant on bullet velocity for any certain
petals opening angle.

With increasing the petals opening angle, the drag of the sabot and
the difference of the drag of the sabot and drag of the penetrator increase
very quickly.
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The overall tendency is that the greater bullet velocity or the petals
opening angle are, the more quickly the penetrator leaves the sabot.

Eventually, the results obtained in this research work can be applied
for further study and development of sub-calibre saboted bullets with
similar geometries.

Future work

The following directions are recommended for further continuation of
this study:

The first direction is to determine the drags of the sabot and the
penetrator depending on their relative movement while the penetrator
gradually leaves the sabot.

The second direction is to implement approximation techniques to
present the drags of the sabot and the penetrator in form of continuous
functions of velocity, opening angle and relative movement for further
usage in sabot separation studies.

The third direction is to use continous functions of drags of the sabot
and the penetrator in solving the fundamental exterior ballistic problem of
a saboted bullet to determine not only the penetrator velocity at the
moment it leaves the sabot but also the distance from the gun muzzle to
the separation point and then to conduct experimental tests to verify the
comprehensive calculation model.
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Resumen:

Introduccién/objetivo: En este articulo, se investigaron las caracteristicas
aerodinamicas de una bala especial en condiciones supersénicas. Para el
estudio se seleccion6 un modelo de bala saboteada por pistola.

Métodos: El método utilizado en la investigacién fue la simulaciéon de
dinamica de fluidos computacional (CFD). Para el calculo numérico se
utilizé el modelo de turbulencia k-¢. Se seleccioné el modelo aire como gas
ideal. Para la viscosidad del aire se aplicé el modelo de Sutherland.

Resultados: Los resultados de la simulaciéon numérica muestran el
comportamiento del flujo supersonico sobre la bala saboteada. Al variar el
angulo de apertura de los pétalos y la velocidad de la bala, se obtuvo su
influencia en las resistencias del casquillo y del penetrador para su
posterior estudio de separacién del casquillo.

Conclusion: El estudio muestra que el enfoque de simulaciéon CFD se
puede implementar para analizar las resistencias aerodinamicas en el
casquillo y el penetrador después de que la bala saboteada sale del cafion
del arma. Los resultados de la simulacion obtenidos en este trabajo son
importantes en el disefio de balas perforantes ligeras saboteadas
disparadas con pistolas.

Palabras claves: balas saboteadas, pistola, caracteristicas
aerodindmicas, Ansys Fluent, CFD, simulacién numérica.
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Pesrome:

BeedeHue/uenb: B daHHOU cmambe uccriedoeaHbl a3po0uHaMu4yecKue
Xapakmepucmuku eurnep3sykogoz2o nampoHa. [ns uccredosaHusi
6bina eblbpaHa modesb MUCMOIemHo20 fnampoHa ¢ OmOensWUMCs
rnoddoHom.

Memodbi: B uccredogaHuu UCrOb308asicsi Memood KOMIIbIOMEPHO20
molenuposaHusi ~ eudpolduHamuku  (CFD).  [dnsa  4ucrieHHoz2o
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aspoduHamuka Moxem Obimb  UCMofIb308aHa Onisi  MOJyYeHUSs
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Abstract:

Introduction: The resistance of road surfaces to the formation of a
longitudinal wear mark from passing vehicles at the present stage is one
of the most pressing problems in the field of asphalt concrete coatings.
Therefore, the search for a solution to this problem constantly continues,
including studying the behavior of various components of asphalt
concrete mixtures when they are loaded.

Methods: The studies were carried out under static load in three
temperature modes: 25°C, 40°C and 50°C, as well as using the standard
DSR (dynamic shear rheometer) method at temperatures above 70°C.
Two types of bitumen were used as binders: semi-blown petroleum road
bitumen BND 100/130 and polymer bitumen binder PmB 90. Various
fine fillers were introduced into their composition: marble dust, rubber
crumbs and modified powder obtained by simultaneous grinding of
marble with polyethylene.

Results: It was found that a fine filler has a stronger effect on creep than
a change in the grade of asphalt concrete binder. The lowest creep and
the greatest shear resistance in the entire temperature range of
measurements were shown by an asphalt binder based on a powder
obtained by joint grinding of marble and polyethylene.
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Conclusions: The effect of a fine filler on the creep of a bitumen binder
may exceed the effect associated with a change in the type of bitumen
binder. It is obvious that it is the fine filler that has a greater effect on the
stability of asphalt concrete to the formation of ruts than conventional
semi-blown bitumen binders.

Keywords: rheology properties, asphalt-concrete, bitumen binders,
asphalt binder, fillers, mineral powder, rutting, shear resistance, creep
of an asphalt binder.

Introduction

The rutting resistance of the pavement surface is one of the most
pressing problems in the field of asphalt concrete road construction. The
annual increase in speed, traffic intensity and weight of vehicles (Olsson
et al, 2019; Hou et al, 2015) indicates the increasing relevance of this
problem in the future. Therefore, the search for a solution to this problem
continues. To date, numerous studies have identified various factors
influencing the formation of rutting in asphalt concrete pavements (Lira et
al, 2019; Ai et al, 2017; Bodin, 2017; Ma et al, 2018). These include the
influence of bitumen viscosity: hard grades of bitumen have a lower
penetration degree and improve the resistance, whereas liquid grades
worsen it (Alekseenko et al, 2019). However, other less important factors
are suggested to affect rutting resistance. They may be roughly divided
into two classes:

- structural factors, which include: grain size distribution and mixture
homogeneity of mineral fillers, the maximum size and shape of crushed
rock, and the porosity of a mineral aggregate (Akisetty et al, 2009; Qian et
al, 2020);

- rheological properties of the binder: asphalt binder grade, the
behavior of binder properties in the reaction with a finedispersed filler
(mineral powder), the asphalt binder/mineral powder ratio, and the
concentration of a binder in asphalt concrete (Ibrahim, 2019; Arun Kumar
& Satyanarayana, 2015; Okhotnikova et al, 2019; Abdulmajeed &
Muniandy, 2017).

As noted earlier, the viscosity of bitumen depending on the asphalt
binder type has a considerable influence on the rutting resistance of
asphalt concrete. The question arises: what other factors besides the
bitumen grade might be relevant to the viscosity of bitumen? In our opinion,
one of the most important factors is the type and amount of fine-dispersed
filler. In most asphalt concrete compositions, this role is played by mineral
marble dust. In asphalt concrete, approximately 90% of the total area
occupied by mineral particles is the area of the mineral powder surface.
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Selective adsorption of bitumen components onto the surface of particles
or even inside them in modified powders of fine-dispersive fillers may
considerably change the viscosity of the bitumen mixture if compared with
the reference material. Therefore, the research into a bitumen composite
with a fine-dispersed filler will make an important contribution to the field
of asphalt binders. Therefore, it seems necessary to study the mixture of
bitumen and fine-dispersive filler.

Purpose and problem statement

This study examines changes on the rheological properties of asphalt
binders when mixed with a variety of fine-dispersed fillers. The properties
of this composite differ considerably from the reference binder, so the term
“an asphalt binder” is used throughout this paper as suggested in scientific
literature. It is the asphalt binder that bonds coarse particles of asphalt
concrete, and its properties are important for the rutting resistance of an
asphalt concrete pavement, but only in that part that depends on the
asphalt binder. Other structural factors influencing rutting resistance are
beyond the scope of this study.

To assess the shear resistance and tensile strength of asphalt
concrete, it is necessary to know the rheological properties of the asphalt
binder in the contact zone of two mineral filler particles. At the same time,
the speed of force application in real conditions of interaction of a car wheel
with an asphalt concrete surface can vary greatly. Under rapidly changing
loads on an asphalt concrete pavement, the main rheological property is
the complex dynamic shear modulus (G*) which is stated by the equation:

G*=G’+i*G "= G*cos(d)+i* G*sin(d) 1)

where G’ is the storage shear modulus, G” is the loss shear modulus, & is
the phase angle, (in radians), defining the delay between sinusoidal
deformation and sinusoidal stress during tests with controlled deformation.
The value G/sin(d) is called resistance to shear deformation and it
determines the contribution of bitumen to the shear resistance of asphalt
concrete. For rapidly changing forces, there is a standard method
AASHTO T315-10 "Determining the Rheological Properties of Asphalt
Binder Using a Dynamic Shear Rheometer (DSR)" which allows to
measure the shear stress of not only bitumen, but also asphalt binders.

Under slowly changing loads, for example, stopping a car, the creep
stiffness of asphalt concrete will make a large contribution to the
deformation.
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The term “creep” refers to the deformation changing over time at a
constant pressure. At the same time, the creep of asphalt concrete, if the
fracture and rubbing of crushed mineral filler are ignored, is related to the
deformation of the asphalt binder AX(t); its dependence upon the applied
force P(t) and the impact time is stated in the equation:

AX() = P(t)/k + fa(t) )

where P(t) — the stress caused by external forces, k — the hardness of the
asphalt binder, t — the time, and fa(t) — the function of the asphalt binder
type and temperature. The constant k and the function fa(t) may be
estimated either experimentally or by a computer-assisted experiment
when fracturing asphalt concrete samples (Alekseenko et al, 2019). The
creep measurements were carried out on a Kinexus DSR device using a
special technique described below.

This study seeks to examine the creep and shear resistance of the
asphalt binder. These experiments are far less difficult (cost-demanding)
than measuring the creep (rutting) of asphalt concrete. In addition, the
results obtained may be used in the future for the computer-assisted
modeling of any physical and mechanical parameters of asphalt concrete.

Objects and materials for research

The study was carried out using two typical asphalt binders:
petroleum road semi-blown bitumen grade BND 100/130 (BND) and
polymer- modified bitumen grade PmB 90 (PmB). The three filler grades
were used: a standard mineral powder from marble flour (MM), crumb
rubber of automobile tires (RC), and a powder produced of marble dust
and modified by polymers, which was a joint grinding of marble and
polyethylene (MP).

These fillers were selected for some reasons:

- a standard powder from marble flour represents an etalon of an
asphalt binder,

- crumb rubber is associated with an urgent problem of recycling
waste tires; moreover, there is a vast body of literature on bitumen and
rubber binders (Akisetty et al, 2009; Qian et al, 2020);

- a powder modified by polymers may resolve a problem of polymer
recycling (Ibrahim, 2019; Arun Kumar & Satyanarayana, 2015;
Okhotnikova et al, 2019), wherein the rutting resistance of asphalt
concrete might be improved dramatically if the polymer and the powder
modification method are selected appropriately.
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Mineral powder from marble dust satisfied the Russian State
Standard (GOST) 32761-2014, and the crumb rubber of waste tires
(100%) was sieved (1 mm). The modified powder was a product of
intergrinding marble powder with 10% (to the mass of mineral powder from
marble) granulated high-density polyethylene. It took 4 hours to grind
materials in a laboratory ball mill.

All samples of the asphalt binders for the creep research were
prepared by heating and mix-ing bitumen binder and powder for 2 hours
at a temperature of 175°C. The amount of filler in the bitumen binders was
as follows: marble dust and bitumen binders were taken 1:1, 15% crumb
rubber was added to BND and 10% to PmB, and modified powder and
bitumen binders were in a ratio of 1:1. In this way, 8 samples of asphalt
binders were obtained to study creep (Table 1).

Table 1 — Characteristics of the asphalt binder samples for creep research

Ne The composition of the asphalt binder Short name of
Bitumen type Fillers (Mineral powder) the binder

1 BND 100/130 no filler BND

2 PmB 90 no filler PmMB

3 BND 100/130 mineral powder from marble flour (MM) BND/MM

4 PmB 90 mineral powder from marble flour (MM) PmB/MM

5 BND 100/130 15% crumb rubber of automobile tires (RC) BND/15RC

6 PmB 90 10% crumb rubber of automobile tires (RC) PmB/10RC

7 BND 100/130 powder produced of marble dust and modified BND/MP
by polymers (MP)

8 PmB 90 powder produced of marble dust and modified PmB/MP
by polymers (MP)

Table 2 — Characteristics of the asphalt binder samples for the study of shear stability

Ne The composition of the asphalt binder Short name of the
Bitumen type Fillers (Mineral powder) binder
1 BND 100/130 no filler BND
2 PmB 90 no filler PmMB
3 BND 100/130 |100% mineral powder from marble flour (MM)| BND/100MM
4 PmB 90 100% mineral powder from marble flour (MM)| PmB/100MM
5 BND 100/130 | 90% mineral powder from marble flour (MM) [BND/9OMM/10RC
+ 10% rubber crumb from car tires (RK)
6 BND 100/130 | 90% mineral powder from marble flour (MM) |BND/9OMM/10MP
+ 10% polymer modified powder from marble
flour (MP)
7 PmMB 90 90% mineral powder from marble flour (MM) PmB/90MM/10MP
+ 10% polymer modified powder from marble
flour (MP)
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The filler amount in bitumen binders during shear resistance tests was
as follows: the powder was mixed with the bitumen binders in a ratio of
1:1, while the powder consisted of 90% marble powder and 10% modifier
by weight. Such a small amount of modifier was caused by the fact that
dynamic measurements are more sensitive to changes in viscosity than
creep measurements. Thus, 7 samples of asphalt binders were obtained
for creep testing (Table 2).

Method for measuring shear resistance and creep
research

The asphalt binder creep measurement was carried out using the
standard procedure described below on a DSR instrument which is used
to measure the creep of asphalt binders. The measurements were carried
out at temperatures of 25 °C, 40 °C and 50°C for eight types of asphalt
binders, the characteristics of which are given in Table 1. This temperature
range is typical for real asphalt concrete pavements. In addition, at lower
temperatures, the creep of the asphalt binder is too small; at higher
temperatures, the difference in the creep of various asphalt binders is
increasingly leveled out. The measurement of the complex shear modulus
of the asphalt binder was carried out according to the standard methods
when determining the grade of bitumen according to PG (Performance
Grade). The temperature range of the measurement in this case cor-
responded to the expected softening temperature of the asphalt binder.

Measuring creep and shear resistance by Kinexus
DSR

The measurements were carried out for a spindle of 25 mm, a space
of 1 mm, and a shear force of 50 kPa. Once the temperature was
stabilized, a shear force was applied for 60 seconds (20 seconds at high
temperatures and low shear resistance of the asphalt binder), and the
curve presenting the rotational displacement of a spindle vs. time was
analyzed. It is apparent that the deformation is linear for all types of asphalt
binders at all temperatures under consideration, so the creep function may
be stated in the equation:

fa(t)= a-t 3)

where the constant a is related to the asphalt binder type and temperature.
In some tests, the creep demonstrated non-linear behavior over the first
seconds, so Table 3 below provides the data for the linear section of the
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creep. To compare, the creep of the bitumen binders without fillers was
measured at low temperatures. The measurement failed at a temperature
of 50 °C and a shear force of 50 kPa because bitumen binders without
fillers have low shear resistance.

Results

The speed of the spindle phase angle change characterizes the creep
of the asphalt binder at a constant shear force. The results of its
measurement are presented in Table 3.

Table 3 — The rate of the change of the spindle rotation angle (rad/s) at different

temperatures

Ne | Short name of the Temperature

binder 25,°C 40,°C 50,°C
1 BND 0.325 605 *
2 PmB 0.030 2.400 *
3 BND/MM 0.028 3.333 1200
4 PmB /MM 0.013 0.188 890
5 BND/15RC 0.011 0.183 667
6 PmMB/10RC 0.003 0.140 625
7 BND /MP 0.00014 0.0035 0.057
8 PmB/MP 0.00002 0.0015 0.011

*- no data, because bitumen binders without fillers have low shear
resistance

Thus, any fine-dispersed filler decreases dramatically the creep of the
bitumen binder. Furthermore, a PmB-based asphalt binder has lower
creep than a BND-based material; however, a modified mineral powder
provides the best creep reduction effect. Rubber crumb at temperatures of
25 °C and 40 °C has a stronger effect on the bitumen binder than marble
dust, while at 50 °C it is vice versa.

The results of testing the shear resistance of asphalt binders (the
parameters of the dynamic modulus of elasticity of asphalt binders),
carried out according to the standard method, which is performed when
determining the grade of binder according to PG (Performance Grade), are
shown in Figure 1.

From Figure 1 it is obvious that, as in the experiments measuring
creep, fine powders noticeably change the viscosity of the binder. The
strongest effect on the change in viscosity is provided by mineral powder
obtained by jointly grinding the mineral part and polyethylene.
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Figure 1 — Parameters of the dynamic modulus of elasticity of asphalt binders

Conclusion

The study showed that fine-dispersed fillers have a strong influence
on the creep and shear stability of bitumen binders. This influence is far
more significant than the behavior of bitumen if SBS grades are dissolved.
Moreover, the influence of fine-dispersed fillers is equally pronounced in
bitumen and polymer bitumen binders. The least creep and the highest
shear resistance over the entire temperature range were shown in the
asphalt binder produced by joint intergrinding marble and polyethylene.

The technology for improving the shear resistance of asphalt concrete
through the use of modified mineral powders has a significant advantage
compared to the technology for modifying bitumen by dissolving polymers.
When using modified mineral powders, there is no problem of storage,
change in properties and delamination of the binder. When modifying
bitumen with various polymer and inorganic modifiers, the problem of
binder degradation as a result of delamination, oxidation and other factors
is always relevant.
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It should also be noted that the estimation of the rheological
parameters of asphalt binders is the quickest and most reliable method to
assess the strength and shear resistance of asphalt concrete.
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Resumen:

Introduccién/objetivo: La resistencia de las superficies de las carreteras a
la formacion de marcas de desgaste longitudinal por el paso de vehiculos
es en la actualidad uno de los problemas mas apremiantes en el campo de
los revestimientos de hormigon asféltico. Por lo tanto, la busqueda de una
solucién a este problema continda constantemente, incluido el estudio del
comportamiento de los diversos componentes de las mezclas de hormigén
asfaltico cuando se cargan.

Métodos: Los estudios se llevaron a cabo bajo carga estéatica en tres modos
de temperatura: 25°C, 40°C y 50°C, asi como utilizando el método estandar
DSR (redbmetro de corte dindmico) a temperaturas superiores a 70°C.
Como aglutinantes se utilizaron dos tipos de betdn: betin de petréleo semi
- soplado para carreteras BND 100/130 y aglutinante de bettin polimérico
PmB 90. En su composicion se introdujeron diversos rellenos finos: polvo
de marmol, virutas de caucho y polvo modificado obtenido mediante
trituracion simultdnea de marmol con polietileno.
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Resultados: Se encontré que un relleno fino tiene un efecto mas fuerte
sobre la fluencia que un cambio en el grado del ligante de concreto
asfaltico. La menor fluencia y la mayor resistencia al corte en todo el rango
de temperaturas de medicion las mostré un aglutinante asfaltico a base de
un polvo obtenido mediante la trituracion conjunta de marmol y polietileno.

Conclusion: El efecto de un relleno fino sobre la fluencia de un ligante
bituminoso puede exceder el efecto asociado con un cambio en el tipo de
ligante bituminoso. Es obvio que es el relleno fino el que tiene un mayor
efecto sobre la estabilidad del hormigén asfaltico ante la formacién de
surcos que los aglutinantes bituminosos semi - soplados convencionales.

Palabras claves: propiedades reolégicas, asfalto-concreto, ligantes
bituminosos, ligante asfaltico, rellenos, polvo mineral, ahuellamientos,
resistencia al corte, fluencia de un ligante asfaltico.

Peonoruyeckme xapakTepUCTUKN BUTYMHbBIX BSXKYLLUX C Pa3fMYHbIMMI
HanonHMTEeNs MU

Bukmop AnekceeHko?, EneHa BepxoTypoBa?,

Pomar XntosS, [mumputi HeGpaTeHKo®, KoppecnoHAeHT

@ VIpKYTCKUIA HaLlMOHarnbHbIN UCCNefoBaTeNbCKU TEXHUYECKUI YHUBEPCUTET,
r. pkyTck, Poccuiickaa ®egepauus

5 MpKyTCKMIN rocyAapCTBEHHbIN YHUBEPCUTET,
r. MpkyTck, Poccuiickas ®epgepaumns

B Poccumnckuin yHMBepcuUTET TpaHenopTa, r. Mockea, Poccwuiickaa degepauus

PYBPUKA TPHTW: 67.15.00 TexHonormsa npom3BoAcTBa CTPOUTENbHBLIX
MaTepuarnoB 1 U3genun,

67.15.49 NMpon3BoacTBO MaTepuarnoB Ha OCHOBE
opraHMyeckux BaXyLmx. [NponssoacTso
acganbtobeToHa

BWO CTATbW: opuruHanbHas Hay4Has ctaTbsl

Pesrome:

BsedeHue: Ycmoltidusocmb O0pOXKHbLIX MOKPLIMULU K 06pa3osaHuUro Koneu
om rpoe3sxarowux mpaHCopmHbIX cpedcme Ha CO8PEMEHHOM amarie
sensiemcss o0HoU U3 Hauboree akmyarbHbiXx npobrem 6 obnacmu
acghanbmobemoHHbIX MOKpbIMUU. YeenudeHue ckopocmel O8UXeHUSs
asmompaHcriopma u yeesudyeHue HagpysKu Ha 0cb aemomoburis deriaem
amy 3adady u3 200a 8 200 ece bosiee 8axxHOU. [1oamMomy noucK peuwieHuUst
amod npobrieMb! MOCMOSIHHO POoOOHKAemcsi, 8 mMoM Yucre nymem
U3y4eHus1 rosedeHUs] pasfiuyHbIX KOMIMOHEHMO8 acqharibmobemoHHbIX
cmeceli nod Haepyskod.

Memodsi: [HaHHoe uccriedosaHue ompaxaem 3KCriepuMeHmarnbHbie
O0aHHbIe M0 U3MEPEHUI0 PeosioaudecKux ceolcme bUmyMHbIX BSKYyULUX
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fpu pasnu4HbIX ckopocmsix Aeghopmayuu. ViccriedosaHusi nposodusnUCh
fpu cmamudeckol Hagpy3ke 8 mpex memrepamypHbix pexumax: 25°C,
40°C u 50°C, a makxxe ¢ ucrnonb308aHuUeM cmaH0apmHo20 memoda DSR
(GuHamuueckuli peomemp cdsuea) npu memrnepamypax ebiwe 70°C. B
Kayecmee 08yXKOMIMOHEHMHbIX 8XKyUUX Bblnu UCronb308aHbl 08a euda
bumyma: oKucreHHbIl HegmsHoU dopoxHbiti 6umym BH/ 100/130 u
nonumepHo-6umymHoe esxyuwee NBB 90. B ux cocmas bbinu eeedeHnbl
pasnuyHbie  MEesIKOOUCNePCHbIE — HaroIHUMenu: MpaMopHasi  Mbifib,
pesuHogasi Kpowka U MoOOUGUUUPOBaHHbIU MOPOWOK, MOMy4YeHHbIl
ymem 83aUMHO20 U3METbYEHUST Mpamopa C nosu3MmuieHoM.

Pesynbmamei: lNokazaHo, Ymo MesnKul HaromHUmersb okadbieaem bornee
CusbHoe 8uUsIHUEe Ha Mon3y4Yecms acghasibmobemoHHO20 8sKyUle20, Yem
U3MeHeHue Mapku acghanbmobemoHHO20 eskyuwe20. HaumeHbwyro
ron3y4ecms U HaubobLWYy yecmouyueocmb K cOguay 80 ecem Ouara3oHe
memnepamyp  USMEPEHUU  MpodeMoHCMpUposano  acghasrbmosoe
esKyliee Ha OCHO8E  [OPOWKa,  [Ofly4YEHHO020  COBMECMHbLIM
usmeribyeHueM Mpamopa U rnoausamurneHa.

Bbigodki: Noka3aHo, Ymo eusiHue MesiIKkoOUCrepCcHO20 HarosIHUMmersi Ha
rondyyecms 6GUMYMHO20 8sXKyweeo Moxem rpesbiwamb 3ghghekm,
cesi3aHHbIli  C U3SMeHeHueM muna 6umymMHO20 8sKywez20. 3mom
pe3ynbmam yKasbleaem Ha mo, 4YMO UMEHHO MesIKoOUCMEPCHbIU
HaronHuUmersb Oka3blgaem borbwee e/usHUe Ha ycmol4usocmb
acghanbmobemoHa K obpa3oeaHuto Koneu, Yyem obblyHble 6umyMHbIe
ssKyujue.

Kntoyesbie crioga: peorioaudeckue ceolicmea, acgarnbmobemoH,
bumymHbie ssKywue, acghanbmossixyuiee, HarnosHumenu,
MuUHeparbHbIl MOPOWOK, KorleeobpasogaHue, conpomusreHue coguay,
rnonsy4yecms acghasibmossiKyuiezo.

Peonowke kapakTepucTmke BUTYMEHCKNX BE3uBa ca pasnmynTum
dunepuma

Bukmop AnekceHko?, EneHa BepxoTyposa?,
Pomar XXuntos®, [mumpuj HeGpaTteHko®, ayTop 3a npenucky

& HaumoHanHm NCTpaXnuBaykm TEXHUYKM YHUBEP3UTET Y VPKYTCKY,
WpkyTck, Pycka ®eagepauuja

6 NpxaBHn yHnBep3uTeT y VpkyTcky, MpkyTtck, Pycka ®epepauuija
& Pycku caobpahajHu yHuBep3uTeT, MockBa, Pycka ®enepauuja

OBJNACT: xemujcke TexHOMOrnje, xemujcka nHaycTpuja, rpaheBuHapcTBO
KATEITOPWUJA (TWUM) YITAHKA: opyruHanHu Hay4Hu pag
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Caxemak:

Y800: JedaH 00 eopyhux npobrniema y obriacmu ripesnaka 00 acghanimHoz
6emoHa jecme omrnopHOCm noepLiUHa rnymeea Ha hopmMupar-e y30yKHUX
mpaesosga xabara 00 moykoea eo3una. Pewere ce jow yeek mpaxu, a
obyxeama u nrpoy4yaearbe [loHalWaka pPasfnu4YuUMuUX KOMIMOHeHmMU
MewasuHa acghanmHoe 6emona npu onmepehersy.

Memode: Ucnumuearsa cy epweHa nod cmamuykum onmepehemem y
mpu memrnepamypHa pexuma (25°C, 40°C u 50°C), kao u nomohy
cmaHOapOHe memode [CP (peomemap 3a OUHaMUYKO CMUUaH-E€) Ha
memnepamypama usHad 70°C. [Jge epcme bumymeHa KopuwheHe cy Kao
sesusa: bumymeH 3a nymeee 00 sa3dyxom ripodysaHe Hacpme BH[]
100/300 u nonumep modughukosaHu bumymer mb 90. Y mewasuHy cy
ysedeHe pasnuyume cumHe bpakyuje — cbunepu: MepMepHU rpax,
MpsuLe 2yme U MOOUGhUKOBaHU rpax O0BUjEH UCMOBPEMEHUM MITEBEHEM
Mepmepa U nonuemusieHa.

Pesynmamu: YmepheHo je da cumHa ¢ppakuyuja uma eehu ymuuaj Ha
meyetrbe 00 rPoMeHe cmerneHa ee3usa acghanmHoe 6emona. Nokasarno
ce Oa HajHUXy epedHoCm meyetrba U Hajeehy ommnopHocm Ha cMuyarse y
C8UM UCMUMUBaHUM meMrepamypHUM pexumuma uma acghanmHo
e8e3us0 Ha basu npaxa 0obujeHoe 3aje0HUYKUM MIleseH-eM MepmMmepa U
ronuemurieHa.

Bakrbyyak: Ymuyaj cumHe ¢ppakyuje cunepa Ha medere bumymeHcKoe
eesusa Moxe Oa byde 3HayajHuju 00 ymuuaja npPoMeHe epcme
bumymeHckoe gesusa. O4uanedHo je da cumHa hpaKkyuja — chunep uma
eehu egpekam Ha cmabunHocm acghanmHoe 6emoHa rnpu opmupary
Korlompaza 00 KOH8eHUUOHarHuUx 6umymeHcKux ee3usa 0obujeHux
yOysasar-em sa3dyxa.

KrbyyHe pedu: peornowka ceojcmea, acghanmHu 6emoH, bumymeHcka
ee3usa, acghasimHoO 8e3U8o, huriepu, MUHepasHu npax, ghopmupar-e
Korompaeza, omrnopHoOCm Ha CMulakre, me4yere acghasmHoe gesusa.
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Abstract:

Introduction/purpose: The aim of this study is to demonstrate the viability of
electrostatic separation of mixtures from shredded printed circuit boards
(PCBs), in association with the X-ray fluorescence analysis, and
simultaneously to examine how the efficiency of this method is influenced
by the supply voltage, both in terms of amplitude and nature.

Methods: The electrostatic separation technique is used by means of a two-
phase moving wave conveyor with characterisation analysis using X-ray
fluorescence in order to justify the efficiency of the process studied.

Results: The results of this study can have practical implications for
improving the recycling process of electronic waste, especially from printed
circuit boards (PCBs). By optimizing the high voltage and understanding its
effects on the electrostatic separation process, it may be possible to
increase the efficiency and effectiveness of recycling valuable materials
from electronic waste while reducing environmental impact.

Conclusion: The XRF analysis of the samples reveals their distinct
compositions. The variations observed are even more marked if the
influence of the voltages applied on the electrostatic separation process is
considered.

Key words: recycling, environment, waste electrical and electronic
equipment, two-phase moving wave conveyor, x-ray fluorescence, high
voltage.

Introduction

Waste Electrical and Electronic Equipment (WEEE) is increasing
rapidly globally and has become one of the most important types of solid
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waste (Lu et al, 2018, p.83). In the context of recycling electronic boards,
it can be used to separate different components or materials based on their
electrical characteristics. The separation effectiveness relies on the ability
to control particle tribocharging (luga et al, 2005, p.937).

The triboelectric separation represents a solution for the sorting of
plastics mixtures, whenever the components have a similar size, shape,
magnetic permeability and electrical conductivity (Mimouni et al, 2017,
p.2).

Metals represent a significant part of this waste, both in volume and
in material value (UNEP, 2013). The recycling market for old electronic
devices is essentially based on recovered metals, recycling chains for
plastics, glass and ceramics being more limited. Printed circuit boards are
among the most economically relevant waste materials in this category.
Various processing units recycle Waste Printed Circuit Boards (WPCB) to
capture metals of value, such as Cu, Ag, or Au (Ghosh et al, 2015, p.5).

Traveling-wave conveyors or electric curtains are generally used for
the displacement of micronized insulating particles such as plastic
granules and dust, among others. They consist of parallel electrodes
separated by a small inter-electrodes gap of the order of 1 mm and
powered by a polyphase voltage; the resulting dielectrophoretic and
Coulomb forces then cause the movement of particles (Louati et al, 2020,
p.2).

The study aims to investigate how the efficiency of the electrostatic
separation process is influenced by high voltage. This includes variations
in both the amplitude (intensity) and nature (AC or DC) of the voltage
applied to the process. This variation in voltage can impact the electrostatic
forces acting on particles, potentially affecting the separation efficiency.
The study likely involves conducting experiments where shredded printed
circuit boards (PCBs)are subjected to electrostatic separation using
different high voltage settings. The separated materials are then analyzed
using X-ray fluorescence to assess the effectiveness of the process in
terms of sorting and recycling different components from electronic
boards.

The results of this study can have practical implications for improving
the recycling process of electronic waste, especially from PCBs. By
optimizing high voltage and understanding its effects on the electrostatic
separation process, it may be possible to increase the efficiency and
effectiveness of recycling valuable materials from electronic waste while
reducing environmental impact.
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Experimental

Concept of moving wave conveyors

The moving wave method is an electrical phenomenon that causes
particles to move by exploiting the interaction between a polarized particle
and a polyphaser electric field. This electric field is generated by a set of
parallel electrodes arranged in a common plane and subjected to 2, 3 or
4-phase alternating potentials as presented in Figure 1.

(b)

Figure 1
a) Experimental set-up for a sinusoidal power supply:

1) HV amplifiers, 2) Digital oscilloscope, 3) Function generator, 4) Vibrator with a
regulator, 5) HV transformer,6) Two-phase, double-sided conveyor inclined at 20°,
7) Recovery tank; 8) HV connectors
b) Descriptive diagram of the two-phase conveyor feeder
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When a particle is exposed to an electric field E, this induces an
electric dipole moment within it. In the presence of a uniform electric field,
the particle is subjected to two equal and opposite forces, which cancel
out the net force, called the electrophoretic force, exerted on the particle.
Unlike the polarity of the voltage, this force can be observed with AC or
DC voltages. It is the dominant force in the "moving wave conveyor" type
of devices.

The moving wave conveyor uses two-phase bilateral vibration
excitation. This means that the conveyor electrodes are supplied with a
two-phase periodic voltage, with a phase shift between them equal to .
The number of phases is denoted by "n=2". These periodic voltages
generate a progressive electric field called "moving waves" in the direction
perpendicular to the axes of the electrodes. This moving wave is
responsible for lifting the particles deposited on the conveyor and moving
them progressively.

The conveyor was mounted on an electromagnetic vibrator with the
type designation "LEV2-220V-50/60HZ S3000-0.25A-37W MAX-IP66".
This designation cannot be used to determine the specific type of vibratory
actuator without further information.

The "220V-50/60HZ" part indicates the AC motor supply voltage, with
the possibility of operating at a frequency of 50 or 60 Hz. S3000-0.25A-
37W MAX" may provide information on the model or specific electrical
characteristics of the motor, including rated current (0.25A), maximum
power (37W), and other potential specifications. Finally, "IP66" indicates
the level of protection against ingress of dust and water.

The mechanical operating frequency may be different from the mains
frequency, as some vibratory conveyor systems can be designed to
operate at specific frequencies depending on separation process
requirements or design preferences.

For our study we varied only the material flow rate that causes the
plastic granules to move and keeps the metal particles on the surface
(D=0.5 g/s).

This is a set of identical parallel electrodes separated by a gap. The
assembly is then coated with an insulating layer of varnish to prevent
breakdown between the electrodes. Electrodes belonging to the same
phase are connected together. The phases are supplied with periodic
voltages with a phase shift of 1, which generate a progressive field called
"moving waves" in the direction perpendicular to the axes of the
electrodes . The 2-phase electric field charges the deposited particles, lifts
them from the substrate by electrostatic forces and propels the particle
layer off the conveyor surface by a progressive wave which is none other
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than the moving wave. The dynamic forces of the non-uniform field wave
thus generated overcome the adhesion and gravitational forces acting on
the charged particles and transport them in a direction in the plane
perpendicular to the electrodes in a progressive manner from one
electrode to the other. The particle charging process is primarily a surface-
dominated process and is described as follows: Particles on the interface
of the thin insulating film above the embedded field electrodes are either
triboelectrically charged by contact friction for non-conductive objects
when placed on the surface, or inductively charged by the application of
voltages to the electrodes for conductive objects. This particle separation
device is an electronic printed circuit board measuring 200 x 165 mm?, on
which parallel copper electrodes 1 mm wide and 100 mm long have been
made. The electrodes were made on both sides of the printed circuit,
separated by the thickness of the printed circuit itself, equal to 1.5 mm.
(Louhadj, 2021, p.52).

In this study, we used a mixture of crushed electronic boards
recovered from cathode ray tube television sets, Figure 2. These boards
are printed circuits that hold and electrically connect a set of electronic
components together. In the whole world, more than 50 million tons of e-
waste is generated yearly. PCBs represent the most economically
attractive portion of e-waste and account for 3-5% by weight (Kaya, 2016,
p.2). Waste PCBs constitute a heterogeneous mixture of metals,
nonmetals and some toxic substances. A PCB assembly contains many
electronic components (ECs) and organic plastic board. Waste PCBs
have a metal content of nearly 30% (Cu: 10-20%, Pb: 1-5%, Sn: 1-6%,
Ni: 1-3%, Fe:1-3%, Ag: 0.05%, Au: 0.03% and Pd: 0.01%), especially the
purity of precious metals in PCBs is more than 10 times that of ore minerals
(Zhou & Qui, 2010, p.823).

& o .
" b

Shredding

CAAERSROR. 6 e

BTPTPITITGr T L e

Figure 2 — Photographs of the electronic boards of a cathode ray tube before and after
shredding
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The experimental procedure was divided into two parts to determine
the influence of the type of supply voltage and its amplitude on the
attractive force applied by the moving-wave conveyors.

Experimental set-up

Sinusoidal AC high voltage:

The experimental set-up used is illustrated by the schematic
description in Figure 1 .The voltage amplifier (Trek, model 2220) is one of
many types in the Trek 2200 series. This series of 40 W high-voltage
amplifiers offers high performance. The Model 2220 (Fig.2-7) provides
precise control of output voltages in the range 0 to + 2 kV DC or peak AC
with an output current range of 0 to + 20 mA peak AC and a wide DC
bandwidth at 7.5 kHz (3 dB).

The study of variations in one quantity as a function of another
requires a very rapid recording of a series of points to obtain a curve. The
GDS-3000 series digital memory oscilloscope makes it possible to plot the
curves corresponding to the evolution of the measurement signal directly
on the screen in an experimental study with the single-sided conveyor. A
mid-point transformer is used to provide a "symmetrical" voltage.

The angle of inclination of the vibrating conveyor is currently set at
20°. Parametric studies carried out by scientific researchers have shown
that the optimum angle of inclination for this actuator is between 10° and
20°.

A vibrating conveyor is elastically supported by standard springs. It is
designed for conveying and handling small quantities of bulk material over
short distances. These feeders are ideal for applications such as dosing,
mixing, weighing or continuous in-process feeding. Vibratory feeders are
controlled via a 220 V - 50 Hz control box with a potentiometer in the
standard configuration for precise flow rate adjustment. The chutes are
made of painted sheet metal as standard.

Continuous high voltage:

For this part, a DC voltage was applied to the two-phase conveyor
that varied from O - 30 kV with a current of 9 mA (Spellman, 30 kV, 9 mA).
Using a single positive DC high voltage supply, one phase was supplied
with the positive voltage and the other phase was earthed. The conveyor
was attached to an electromagnetic vibrator to facilitate the movement of
particles that did not stick to the conveyor surface.

Fluorescence spectrometry analysis can be used to characterize and
identify the different materials present in a mixture of waste electrical and

713

Mimouni, C, Recycling of shredded printed circuit boards (PCBs) by two-phase moving wave conveyors, pp.708-726



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 2

electronic equipment that has been separated using a moving wave
conveyor.

Detecting breakdown voltage is usually a critical aspect of high-
voltage systems to prevent failure or damage. Common methods of
detecting breakdown voltage include the use of voltage sensors,
monitoring devices, or predefined thresholds that trigger safety actions
when voltage reaches critical levels.

To eliminate breakdowns in our system, we optimised the system
parameters such as voltage, frequency and pulse duration to minimise the
risk of breakdowns.

Coordination between the arrival of the material from the vibrating
conveyor and the intensity of the discharge in this electrostatic separation
system can be achieved by manual control.

The discharge intensity can be manually adjusted according to the
material arrival. This can be done using manual controls or adjustable
parameters on the electrostatic discharge device.

TORNADO M4 compact X-ray micro-fluorescence spectrometer:

For the analyses, X-ray fluorescence microscopy was used to identify
and determine most of the chemical elements making up the samples
(equipment available at the research technology platform (Algeria). This
technique can be used for a wide variety of materials: minerals, ceramics,
cements, metals, oils, water, glass, etc. in the solid or liquid form.

Bruker's M4 TORNADO is an advanced characterization tool that
uses the small spot X-ray micro- fluorescence technique to analyze a
variety of samples. This technique provides detailed information on the
elemental composition and distribution of elements in samples, even at
depths below the surface. Each separate material was placed individually
in the excitation zone of the fluorescence spectrometer and the
corresponding fluorescence spectra recorded. These are graphs
representing the intensity of light emitted as a function of wavelength.

Results and discussion

Analysis of the results at high sinusoidal AC voltage:

It is possible to discern various constituents present in a waste
mixture by examining their distinct spectral characteristics by applying a
high sinusoidal AC voltage of 2kV. Fluorescence proves useful for
detecting the presence of precious metals such as iron and copper, as well
as other specific components of electronic devices, such as plastic and
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glass. We used the experimental set-up illustrated in Figure 1 to obtain two
samples:

Sample 1: Separated product and adhered to the surface of the moving
wave conveyor.

Sample 2: The second sample of the product is separated and analyzed
also in the M4 TORNADO spectrometer.
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Figure 3 — X-ray fluorescence spectrum of the sample (conductor material)
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Figure 4 — X-ray fluorescence spectrum of the sample (non-conductor material)
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The XRF spectra of the different samples show the elements present
in each sample (Figs. 3 and 4). The intensity of the lines in the XRF spectra
is associated only with the intensity of the energy, which means that the
radiation is more intense for the highest lines. These lines are attributed to
bromine (Br) and copper (Cu) in both samples. The elemental analysis and
therefore the mass percentage of the elements present in our samples
were calculated using XRF analysis software.

Table 1 — Chemical composition of samples 1 and 2 at high sinusoidal AC voltage (%)

Element | Voltage | Conductivity Rh Fe Cu Zn Re Br
[kV] (6] [%] %] | [%] | [%] [%]
Sample 1 2 Conductor 6.03 9.29 | 36.30 |11.93| 0.13 36.33
Sample 2 2 Non- <Lod 183 | 1291 | 149 | <Lod 83.77
conductor

Table 1 shows the results of the XRF analysis of the samples (1 and
2).The spectrum presented in Figure 3 shows that the sample studied is
mainly composed of different chemical elements, with the following
percentages: 36.30% copper (Cu), 11.93% zinc (Zn), 9.29 % iron (Fe) and
36.33% bromine (Br). It also fluoresces due to the presence of 0.34%
rhodium (Rh). The spectrum shown in Figure 4 demonstrates that the
sample is predominantly bromine (Br), accounting for 83.77% of its
composition, while the metals copper, zinc and iron account for 15%.

In the light of the results, it appears that bromine is the predominant
constituent in the chemical composition of sample 2, while sample 1 is rich
in metals such as copper, zinc and iron.

Analysis of the results at high DC voltage:

By using a high DC voltage ranging from 2 kV to 8 kV, it becomes
possible to distinguish different constituents present in a waste mixture by
observing distinct spectral properties. To achieve this, we set up the
experimental setup described in the second part, generating two samples
for each test.

Further on, we present two spectra for each experiment:
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Samples 3, 5, 7 and 9: of particles stuck to the conveyor surface after
separation for U=2 kV, 4 kV, 6 kV and 8 kV, respectively.

Samples 4, 6, 8 and 10: of particles detached from the conveyor after
vibration for U=2 kV, 4 kV, 6 kV and 8 kV, respectively.
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Figure 5 — X-ray fluorescence spectrum of sample 3 for U=2kV
(conductor material)
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Figure 6 — X-ray fluorescence spectrum of sample 4 for U=2kV
(non-conductor material)
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Figure 7 — X-ray fluorescence spectrum of sample 5 for U=4kV
(conductor material)
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Figure 8 — X-ray fluorescence spectrum of sample 6 for U=4 kV
(non-conductor material)
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Figure 9 — X-ray fluorescence spectrum of sample 7 for U=6 kV
(conductor material)
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Figure 10 — X-ray fluorescence spectrum of sample 8 for U=6 kV

(non-conductor material)
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Figure 11 — X-ray fluorescence spectrum of sample 9 for U=8 kV

(conductor material)
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Figure 12 — X-ray fluorescence spectrum of sample for 10 for U=8 kV

(non-conductor material)
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The results shown in Table 2 represent the X-ray fluorescence (XRF)
analyses of the samples taken after electrostatic separation of shredded
TV electronic boards, followed by the application of a high DC voltage
ranging from 2 to 8 kV.

The samples are divided into two categories according to their
conductivity: conductive and non-conductive.Percentages indicate the
relative amount of each element in the samples. Elements such as copper
(Cu), iron (Fe), bromine (Br), zinc (Zn), etc., may come from electronic
boards.The "<Lod" values indicate that the quantity of certain elements is
below the detection limit of the analysis method used. This is due to the
low concentration of these elements in the samples.

The XRF spectra of the various samples reveal the elements present
in each of them. The intensity of the peaks observed in the XRF spectra is
directly related to the energy emitted, meaning that the most intense lines
correspond to the highest energy levels. In this context, the lines observed
are attributed to copper in samples 3, 5, 7 and 9 (Figures: 5, 7, 9 and 11),
while bromine is identified in samples 4, 6, 8 and 10 (Figures: 6, 8, 10 and
12).

The elemental analysis, including determination of the mass
percentages of the elements present in our samples, was carried out using
XRF analysis software. The results of this XRF analysis of the samples
recovered from the DC electrostatic separation experiments are presented
in Table 2, covering samples 3 to 10.

Table 2 — Chemical composition of samples for 3 to 10 at a high DC voltage (%)

Element [Voltage| Conductivity | Rh Fe Cu Zn Re Br Si P Pb
[kV] 0] | [%] | [%] | [%] | [%] | [%] |[%]| [%] | [%]

Sample 3 2 Conductor | <Lod | 13.26 | 57.36 | 6.56 | 0.29 | 19.32 |3.21| <Lod | <Lod

Non-
Sample 4 2 conductor | <Lod | 4.02 | 14.61 | 3.25 | <Lod | 74.77 |3.35| <Lod | <Lod

Sample 5 4 Conductor | 0.33 | 10.98 | 60.55 | 7.28 | <Lod | 17.33 [3.25| <Lod | 0.28

Non-
Sample 6 4 conductor | <Lod | 4.05 | 10.91 | 3.01 | <Lod | 78.27 [2.98| 0.23 | 0.55

Sample 7 6 Conductor | <Lod | 8.1 |64.02 | 6.93 | 0.84 | 16.33 |3.33| 0.45 | <Lod

Non-
Sample 8 6 conductor | <Lod | 3.83 | 10.61 | 2.98 | <Lod | 80.02 [2.23| 0.38 | <Lod

Sample 9 8 Conductor | <Lod | 7.23 | 68.25 | 6.33 | <Lod | 14.85 |3.23| <Lod | 0.11

Non-
Sample 10| 8 conductor | <Lod | 2.95 | 9.91 | 2.03 | <Lod | 82.35 [2.33| <Lod | 0.43
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The analysis of the compositions as a function of the voltages applied
offers important insights into the efficiency of the electrostatic separation
process applied to samples obtained from the shredding of television
circuit boards. Looking at the results, significant variations in the
distribution of elements are apparent. Samples subjected to higher
voltages, such as those at 8 kV, show important percentages of certain
conductive elements, notably copper (Cu) 68.25%, while for non-
conductors there is a significant recovery of bromine which exceeds 82%.

This observation suggests that the application of a higher voltage
promotes more efficient separation of conductive components from
electronic boards, resulting in a higher concentration of these elements in
the samples. This correlation between the applied voltage and the
composition of the samples offers valuable indications for optimizing the
electrostatic separation process, highlighting the possibility of adjusting the
voltage to improve the specific recovery of precious metals or other
valuable elements. These results provide a useful basis for refining the
process parameters and maximizing the efficiency of electrostatic
separation in the recycling of electronic waste.

Conclusion

In conclusion, the XRF analysis of the samples reveals distinct
compositions, shedding light on the elemental makeup of shredded printed
circuit boards (PCBs) subjected to electrostatic separation.

The observed variations in the composition are further emphasized
when considering the influence of the applied voltages on the electrostatic
separation process. Notably, higher DC voltages, such as 8 kV, result in a
more efficient recovery of conductive elements, particularly copper
(68.25%), while non-conductive elements, such as bromine, are
significantly recovered, exceeding 82%. This correlation between voltage
and composition provides crucial insights for process optimization,
indicating the potential to tailor voltage parameters for enhanced recovery
of precious metals and valuable elements.

The influence of the amplitude and the nature of the supply voltage to
the travelling wave conveyor revealed promising results. Sinusoidal
voltages of 2 kV showed superior performance compared with DC voltages,
even at high values (from 2 kV to 8 kV). For example, an AC voltage of 2 kV
recovered around 65% of conductors and 83% of non-conductors,
exceeding the proportions obtained with a DC voltage of 8 kV. In conclusion,
AC voltage appears to offer significant advantages in this context. These
findings lay a solid foundation for refining electrostatic separation
processes, contributing to the efficient recycling of electronic waste.
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Resumen:

Introduccién/objetivo: El objetivo de este estudio es demostrar la viabilidad
de la separacion electrostatica de mezclas de placas de circuitos impresos
(PCB) trituradas, en asociacion con el analisis de fluorescencia de rayos X,
y examinar simultdneamente cémo influye en la eficienciade este método
por el suministro de voltaje, tanto en términos de amplitud como de
naturaleza.

Métodos: Se utiliza la técnica de separacion electrostatica mediante un
transportador bifasico de ondas moviles con analisis de caracterizacion
mediante fluorescencia de rayos X para justificar la eficacia del proceso
estudiado.

Resultados: Los resultados de este estudio pueden tener implicaciones
practicas para mejorar el proceso de reciclaje de desechos electrénicos,
especialmente de placas de circuitos impresos (PCB). Mediante la
optimizacién de la alta tensién y la comprensién de sus efectos en el
proceso de separacion electrostatica, puede ser posible aumentar la
eficiencia y la eficacia del reciclaje de materiales valiosos de los desechos
electrénicos, reduciendo al mismo tiempo el impacto ambiental.

Conclusion: El andlisis XRF de las muestras revela composiciones
distintas. Las variaciones observadas son aln més marcadas si se
considera la influencia de los voltajes aplicados en el proceso de
separacion electrostatica.

Palabras claves: reciclaje, medio ambiente, residuos de aparatos
eléctricos y electrénicos; transportador bifasico de ondas mdviles;
fluorescencia de rayos X, alta tension.

MepepaboTka namenbyeHHbIx nevaTHbix nnat (M) ¢ nomoLsio
ABYyXda3sHbIX BOSTHOBbLIX KOHBENEPOB

axuHe3 MnmyHu

Yuusepcutet [xunnanu Jlnabec - Cugn-benb-Abbec, JlabopaTtopus
APELEC, r. Cuaun-benb-Ab6ec, Amkupckas HapogHasa [emokpaTtuyeckas
Pecny6nuka;

YHusepcuteT Moxamena ben Axvena a'OpaHa 2, IHCTUTYT TEXHUYECKOro
o6cnyxuBaHusa 1 NpoMbILLIEHHON 6e3onacHoOCTH,

r. OpaH, Amxupckast HapogHasi [lemokpaTtunyeckas Pecnybnuka

PYBPUKA TPHTW: 47.59.49 MevaTHble nnatbl. MevaTHble yanbl
BWO CTATbW: opurmHansHasa Hay4Has ctaTbs
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Pe3some:

BeedeHue/uenb: Llenis amoeo uccrnedosaHusi — npodemMoHcmpuposams
B803MOXHOCMb  35leKmMpocmamu4eckoll  cenapayuu  U3Mesib4eHHbIX
nedamusix nnam (1) e coyemaHuu ¢ peHmaeHo1yopecyeHmMHbIM
aHanu3oM a makxe udy4ume, Kak Ha aghgheKmueHoCmb 3mMo2o memoda
enusitom KonebaHusi U xapakmep rnumarouwezo HarnpsiKeHUsl.

Memodbi: [Ans nodmeepxdeHusi aghghekmusHocmu uccriedyemozo
rpoyecca ucrionb3yemcs Memod afiekmpocmamuyeckol cenapayuu ¢
nomouwpro  08yxghasHO20 B80/IHOBO20 KOHeeliepa C MOOBUXHLIM
MOMOKOM U  aHaniu3  xapakmepucmuK C  UCM0fIb308aHUEM
peHmeeHo8CKoU hriyopecyeHyuU.

Pesynbmamesi:  Pe3ynsmambl  0aHHO20  uccnedosaHusi —Mo2ym
ucrionb3oeambCsi  Ha  fpakmuke O ynAydweHus — rpouecca
nepepabomku 31eKMpPOHHbIX 0mMx0d08, OCOBEHHO ne4YamHbIX faam
(F1r1).  Onmumu3ayusi 8bICOKO20 HarpsKeHUs: U OHUMaHue eao
8/IUSHUSI  Ha  pPoyecc  arekmpocmamuyeckol  cenapauyuu
criocobcmeyrom agbgpekmusHocmu u pesyrnbmamusHocmu
rnepepabomKu UEHHbIX Mamepuasio8 U3 37eKMPOHHbIX 0MmMxo008,
00HOBPEMEHHO CHUXasi HeaamueHoe 8030elicmeue Ha OKPYXatoulyto
cpeoy.

Bbigodbl: PeHmaeHogbnyopecueHmHbIl aHanus obpa3syoe ebisgeur
pasnu4us 8 ux cocmaee. Habnrodaemble paznuyus cmaHO8sIMCS euje
bonee  3aMemHbIMU, €C/IU  y4ecmb  G/IUSIHUE  HarpsiKeHUs,
ucrnosb3yemMoe2o 8 rpouecce srekmpocmamu4eckol cenapayuu.

Knwouesble crosa: peyuknuHe, Okpyxarowasi cpeda, 0mxoobl
3/IEKMPUYECKO20 U 3MEKMPOHHO20 0bopydosaHusi, d8yxgha3Hbili
80s1HOB80U KOHselep, peHmeeHoIyopecueHyus, 8bICOKOE
HarnpsixeHue.

Peuunknupare ycutweHnx wramnarHmx nnoya (MLUB) nomohy
AsodhasHe TanacHe NokpeTHe Tpake

axuHe3 MnmyHu

Yuusepautet Kuanu Jlnabec”, Jlabopatopuja APELEC,

Cuau Ben Abec, HapoagHa [Jlemokpatcka PenyGnvka Amxup;

YHusepautet ,Moxamag beH Axmvag”, IHCTUTYT 3a oapxaBahe u
nHaycTpujcky 6e3benHoct, OpaH, HapogHa [emokpaTtcka Penybnvka Amxup

OBNACT: mawm1HCTBO, MaTepujann, XeMmjcke TexHornoruje
KATEITOPWUJA (TWUM) YITAHKA: opyruHanHu Hay4Hu pag
Caxemak:

Yeod/yure: Osa cmyduja uma 3a yurb Oa deMoHcmpupa u3eodrbusocm
eflekmpocmamuykoe odeajarba efleMeHama cMmewa Hacmasnux 00
yeumreHux wmamnaHux nnova (MUE), 3ajedHo ca peHdeeHcKkoMm
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¢brryopecueHmMHOM aHau3oM, Kkao U 0Oa ucruma Kako Ha egbukacHocm
08e Memode ymudy amriiumyda u npupoda HaroHa HarnajaHa.

Memode: Y mexHuuyu enekmpocmamu4ykoz od8ajarba Kopucmu ce
deohasHa  manacHa  rokpemHa  mpaka ca  PeHO2EHCKOM
¢brIyopOCUEHMHOM aHanu30M ¢ Uurbem 0a ce obpasfoxu eghukacHocm
npoyyasaHoa rpoueca.

Pesynmamu: Pesynmamu ose cmyduje moey bumu 3HavajHu 3a
rnobosbwar-e rpoueca peyukupara e/1eKmpoHCcKoe omnada, Hapoyumo
OHO2 Hacmarioz 00 wmamnaHux nnoda (MNLB). Onmumu3ayuja eucokoe
HarloHa U  pa3ymeear€  H€20802  ymuuaja Ha  [pouec
eflekmpocmamuykoe odeajatba Mo2y Oa rnoeehajy egbukacHocm u
eghekmusHOCM peyuknupara epedHUX Mamepujania U3 e/1eKMpPOHCKo2
omnada, y3 UCMOBPEMEHO CMarUBar-e ymuuyaja Ha XXU8oMmHyY CPeOUHY.

Sakrbyuak: PeHdzeHcKka cbriyopecyeHmHa aHanu3a y3opaka omkpuea
HUXo8e Kapakmepucmu4He cacmase. YodyeHe eapujayuje cy jowl
rpumMemHuje ako ce y3me y 063up ymuuaj HarloHa KkopuwheHoe y npouecy
eflekmpocmamuy4koe o08ajarba.

KrbyyHe pedqu: peyuknuparbe, xusomHa cpeduHa, onpema 3a
efIeKMPUYHU U erlekmpoHCcKU omnad, 0soghazHa marsacHa rokpemHa
mpaka, peHO2eHcka ¢hriyopecuyeHuyuja, 8UCOKU HarloH.
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Abstract:

Introduction/purpose: The brain wave application is widespread in recent
years, especially in the applications that aid the impaired people suffered
from amputation or paralysis. The objective of this research is to assess
how well different supervised machine learning algorithms classify brain
signals, with an emphasis on improving the precision and effectiveness of
brain-computer interface applications.

Method: In this work, brain signal data was analyzed using a humber of
well-known supervised learning models, such as Support Vector Machines
(SVM) and Neural Networks (NN). The data set was taken from a previous
study. Twenty five participants imagined moving their right arm (elbow and
wrist) while the brain signals were recorded during that process. The
dataset was prepared for the analysis by the application of meticulous pre-
processing and feature extraction procedures. Then the resulting data were
subjected to classification.

Results: The study highlights how crucial feature selection and model
modification are for maximizing classification results. Supervised machine
learning methods have great potential for classifying brain signals,
particularly SVM and NN.

Conclusion: The use of SVM and NN has the potential to completely
transform the creation of cutting-edge brain-computer interfaces. The
integration of these models with real-time data should be investigated in
future studies.

Keywords: supervised machine learning, EEG, brain signals,
classifications, feature extraction.
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Introduction

The field of electroencephalography (EEG) signal processing lies at
the crossroads of neuroscience and machine learning, with far-reaching
implications for comprehending and interpreting complicated cerebral
activities. This work describes a game-changing breakthrough in the
categorization of EEG data accomplished by the methodical use of
supervised machine learning techniques. The research expands on a
dataset from a prior study, in which the categorization accuracy of EEG
signals was 65%. This study effectively increased classification accuracy
to 95% by utilizing sophisticated algorithms such as Support Vector
Machines (SVM), K-Nearest Neighbors (KNN), and Optimized Ensemble
techniques. This large improvement in accuracy not only contributes
significantly to the study of neural signal analysis, but it also opens up new
pathways for practical applications in medical diagnostics,
neurotherapeutic methods, and the creation of complex brain-computer
interfaces. The improved capacity to identify EEG data with such high
precision is critical in interpreting the complicated patterns of brain activity,
with implications for understanding and treating neurological illnesses,
improving cognitive capacities, and building adaptive neurotechnology.

The brain signals are oscillating electrical impulses occurring in the
brain tissue; these impulses have different frequencies depending on the
mental state or the activity. Slow waves are related to deep sleep while
fast waves are associated with active thoughts and speech. The brain is
connected to the rest of the organs through nerves; these nerves are just
like telephone wires that connect homes together all around the world.
When a human being wants to move an organ, let us say the hands, the
brain sends signals to the hands to inform the muscles to contract. In fact,
the nerves send a lot of electrical impulses called action potentials to
different muscles in the hands allowing the movement in extreme
precision.

A Brain-Computer interface (BCI) or Brain-Machine interface (BMI) is
a device that is designed to read or decode a signal from the brain to
directly control external devices such as Prosthetics, Wheelchair, or a
robot. The BCI system acquires signals from the brain and, with the help
of the signal processing techniques, translates them into control
commands that provide real-time feedback to the user.

The chain process of the common BCI (Figure 1) system has several
stages starting with:

e Amplification and digitizing of the analogue signal collected from
the electrodes using analogue-to-digital conversion,
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e Signal processing of the signal (removing noise and artifacts),
e Feature Extraction, and
o Classification.

The BCI has several types depending on the signal recording
methods: Invasive, Semi-Invasive, and Non-Invasive. The Invasive and
Semi-Invasive methods provide more accurate signals, higher bandwidth,
better spatial resolution, and less artifacts than the Non-Invasive one. The
Non-Invasive method is generally easier in signal recordings and does not
require surgical intervention as the previous two methods.

Machine Learning (ML) algorithms are programs that can learn the
hidden patterns from the data, predict the output and improve the
performance. There are different types of algorithms used in ML as shown
in Figure 2. This figure shows three types of algorithms: Supervised,
Unsupervised and Reinforcement learning.

subjec H avc H Preprocessing H Feature Extract } } st } | oevice J

Figure 1 — BCI system components

Machine Learning

Figure 2 — ML types
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In Supervised learning, as indicated by the name, the machine needs
external supervision to learn. The Supervised learning models are trained
using labeled datasets. Once training and processing are done, the model
is tested by providing sample test data to check whether it predicts the
correct output or not. Supervised learning is divided into: Classification and
Regression. Unsupervised learning is the type where the machine does
not need external supervision to learn from the data. The unsupervised
model can be obtained using the unlabeled dataset that is not classified,
nor categorized and the algorithm needs to act on that data without any
supervision. The types of unsupervised algorithms are Clustering and
Association. Reinforcement learning is a type where the agent interacts
with the environment by performing actions and learn with the help of
feedback. There are several studies regarding using ML algorithms for the
classification of brain data. Amin et al (2017) proposed a pattern
recognition approach. They used four types of classifiers: K-nearest
neighbors (KNN), Support Vector Machine (SVM), Multi-layer Perceptron
(MLP), and Naive Bayes (NB). For low frequencies 0-3.91 Hz, the
accuracy achieved using SVM for A5 approximate coefficient was 99.11%.
For detailed coefficients D5, two algorithms were used: SVM and KNN with
the accuracy of 98.57% and 98.39%, respectively. For higher frequencies,
3.91-7.81 Hz, the other algorithms were used for A5 and D5 coefficients.
MLP(A5-D5) with 97.11-89.63%, respectively, and NB(A5-D5) with 91.6-
81.07%, respectively. De Brito Guerra et al (2023) developed a machine
learning model based on the Random Forest algorithm to classify EEG
signals from subjects performing real and imagery motor activities. In
another work by Ramirez-Arias et al (2022), they used 9 machine learning
algorithms to classify a signal related with a real motor movement. They
indicate that medium Atrtificial Neural Network was the best algorithm with
the area under the curve of 0.9998 and losses with 0.0147. Huang et al
(2020) presented a classification methodology wusing sparse
representation and Fast Compression Residual Convolutional Neural
Networks (FCRes-CNNs). Their work achieved the accuracy of 98.82%.
Wen et al (2021) proposed a deep network model for autonomous learning
and the classification of EEG signals. The model can self-adapt to classify
EEG signals with different frequencies. Despite the artificial design feature,
the extraction method was not able to obtain stable classification results;
the model had a better classification accuracy with short length signals.
Paez-Amaro et al (2022) used four algorithms: Common Spatial Patterns
(CSP) combined with Linear Discriminant Analysis (LDA), Deep Neural
Network (DNN), Convolutional Neural Network (CNN), and finally
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Riemannian Minimum Distance to Mean (RMDM). The mean accuracy for
these algorithms were 8%, 66%, 60% and 80%, respectively.

In this study, six ML algorithms were used to increase the accuracy of
the former study from Ma et al (2020). The algorithms used were: Optimal
SVM, Fine SVM, Optimal KNN, Optimal Decision Tree, Optimal NN, and
optimized Ensembile.

Methodology

Dataset

The data for this work was made available by Ma et al (2020) and
each trial had been approved by the ethics board at the Institute of
Automation, Chinese Academy of Sciences. A total of 25 healthy, right-
handed subjects were polled. (19 males, 6 females). The participant had
no Mi-based BCIl knowledge. It is important to mention that all the
experiments were approved by the Ethical Committee of the Institute of
Automation, Chinese Academy of Sciences.

Method of recording signals

The data signals were selected from Ma et al (2020), as mentioned in
the previous section. In order to completely comprehend the scenario, it is
critical to describe the way by which the signals were recorded. The
subjects reclined in a comfortable chair, their hands naturally resting on
their legs, and looked at the screen from one meter away, Figure 3(a).
Every trial lasted 8 seconds and began with a white circle in the middle of
the screen for two seconds, as illustrated in Figure 4.

Then, a red circle flashed for one second as a signal to assist people
focus on the coming goal. Before the desired reaction was required, the
"Hand" or "Elbow" cue was presented for 4s. The participants were
instructed to visualize doing the needed activity with their entire bodies,
rather than simply their eyes, during this time. The participants were told
to relax their limbs and think about whatever they wished. EMGs were
recorded from the right hands and forearms of the subjects, Figure 3(b), to
ensure they were not acting on their own initiative. (The EMG signals were
eliminated during the EEG preprocessing.

Finally, the "Break" for 1s was enough to put an end to the 8s
experiment and relax. During the interval, patients were instructed to relax
and reduce ocular and muscular activity.
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Figure 3 — Data recording

Stimulus Break

1 L
-—25—'|F15a|'7 4s 4-|klsa|

Figure 4 — Time period of one trial

The motor-related processes alpha (8-13 Hz) and beta (14-30 Hz) are
associated with event-related synchronization and desynchronization
(ERS/ERD). When the actual action is performed or anticipated, ERD
manifests as a decrease in a certain frequency component associated with
an increase in brain activity. What makes any enhanced frequency
sensitive, or ERS, is an increase in a certain frequency component.
Because it is connected to the suppression of brain activity, it can
sometimes be detected even when no actual action is being done or
imagined.

Researchers have recently uncovered a strong correlation between a
specific sensory brain area and the ability to envisage moving certain parts
of the body (as shown in Figure 5). In the picture, the dark blue region in
the middle of the brain is in charge of directing the motion of the limbs. The
pale cyan area is in charge of guiding hand movement.

After everything is said and done, the region above the ears is in
charge of moving things like the cheekbones and the lips. ERD in the
dominant brain and ERS in the nondominant hemisphere can be caused
by motor imagery. Figure 6 depicts the spectrum strength of the brain
frequency ranges (indicated in red).
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Figure 5 — Regions of motor imagery
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Figure — 6 BCI System for motor imagery signal recording

Using a Neuroscan SynAmps2 amplifier and a 64-channel electrode
cover, the conventional 10/20 system was utilized to acquire EEG data at
a sampling rate of 1000 Hz. For the electroencephalogram (EEG)
recordings, the left mastoid was employed as a reference. Throughout the
trial, the electrode impedances were maintained below 10 k ohm. The
acquired data was cleaned up in MATLAB (R2015a) using the EEGLAB
toolbox (v14.1.1 b). We used a common average reference (CAR) in the
early phases of processing. A low-pass filter with a frequency of 40 hertz
and a high-pass filter with a frequency of 0.1 hertz were installed. To save
processing expenses, the input was down sampled to 200Hz. The EEG
was cleaned of anomalies associated to the eyes and muscles using
automatic artifact removal (AAR). The data set was preprocessed in [7]
and became ready for feature extraction. The wavelet transform is a non-
stationary time-scale analytic method that may be used with EEG data. It
is extremely useful to be able to evaluate non-stationary signals and break
them down into discrete frequency components over a wide range of
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timeframes. WT allows researchers to condense complicated biological
signals comprised of several time-varying data sets into a digestible
collection of diagnostic variables (Amin et al, 2017).

The continuous and discrete Wavelet transform formula are both
given in equations (1) and (2).

WTi(a,7) = 5= [, x(@w « 2 dt (1)
Continuous Wavelet Transform
where a represents scale displacement, T represents time displacement,
and g is a wavelet basis function, including Hear, db.Series, Coiflet, etc.

WT, (. k) = [ x(O (Ddt )
Discrete Wavelet Transform

The DWT (Discrete Wavelet Transform) is used to discretize scale
and displacement by limiting the end of the wavelet basis function (a,).
Figure 7 displays the DWT breakdown of the EEG signal x(n). Convolution
is a two-function multiplication method that uses the low-pass or high-pass
filter coefficients and is then processed using own sampling. To down
sample, the sample signal must be cut in half (reduced). Wavelet signals
are classified into two types: approximation signals and detail signals. An
approximation is a signal produced by the convolution of the original signal
with a low-pass filter, whereas a detail is produced by the convolution of
the original signal with a high-pass filter. Figure 7 shows that each output
generates a detailed signal D and an approximation signal A, with the more
recent one acting as the input for the phase that follows. The main
frequency component of the EEG data dictates how many layers the
wavelet decomposes.

Figure 7 — Wavelet decomposition
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The formula of WT and the filter h, is a low pass and can be formulated
in the formulation as follows:

H(ZH(z-1)+ H(-2)H(-z-1) =1 3

In the above formula, H (z) is used to represent the h, z-transform filter
and the complement transformation of this high-pass filter is expressed as:

G(z) = zH (—z—-1). (4)

According to the Section above, DWT is used to evaluate the
spectrum components of EEG data. The EEG signal analysis relies heavily
on WT, specifically the careful selection of a wavelet and the optimal
number of breakdown stages. The number of thresholds is calculated
based on the primary frequency component of the EEG data. In order to
classify signals, the levels are chosen such that the wavelet coefficients
maintain a strong connection between the various parts of the signals and
the requisite frequencies. The analysis was performed using five distinct
degrees of decomposition. Therefore, the EEG data is segmented into D1-
D5 details and a final method, A5.

Multiple wavelet varieties are typically tested to find the most effective
combination for a particular application. As a result of its Daubechies
wavelet feature, second order (db2) filtering is more adept at detecting
variations in the input signal. Therefore, wavelet coefficients were
generated using db2 for this study.

For the Daubechies wavelet of the second order (db2), the band
frequencies are as follows, with a sampling frequency of 256 Hz: D1 (64-
128 Hz); D2 (32-64 Hz); D3 (16-32 Hz); D4 (8-16 Hz); D5 (4-8 Hz); and A5
(2-4 Hz). (0 - 4 Hz). To determine discrete wavelet values, MATLAB is
used. Because even the most effective classifier will fail with a badly
selected input feature, this is a crucial factor in the design of artificial neural
networks based on pattern categorization. Determining the wavelet
discontinuous coefficient provides a representation of the signal's energy
across time and frequency. For this reason, the discontinuous wavelet
coefficient calculated from the EEG signal of each record serves as the
feature vector used to characterize the signal. The size of the recovered
feature vector is reduced by using statistics on top of the collection of
wavelet coefficients. The temporal frequency distribution of the signals
under study is represented by the statistical characteristic listed below:

o Means and standard deviation value,
Variance,
Skewness,
Kurtosis, and

O
O
O
o Root Mean Square.
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In this paper, the data needed for the right arm is collected from C3
channel as explained in Section 3. In order to retrieve the features for the
EEG data prior to classification, a code is developed in MATLAB for this
wavelet.

Means and Standard Deviation Value

The definition of the mean is very simple as it is the sum of all the
signals divided by the number of the signals.

n=—INT X, (5)

The expression |X_i-p| indicates the difference between the deviation
of the sample and their mean. The average deviation can be found by the
sum of all the derivative of the sample signals and dividing by the total
number of samples. The standard deviation is similar but the average is
done by power instead of amplitude as shown in equation (6).

0= |G - w? 6)

Variance

It is the variability measure. In order to determine the variance, the
average cubed departure from the mean is used as the denominator. The
extent of dispersion in a data collection can be better understood by
examining its variance. The variance from the mean increases as data
spreads out.

0? = =N X (D) — w)? (7)
Skewness

Skewness is a statistical measure of the degree to which a signal
deviates from its mean value. To compute it, divide the cubed standard
deviation by the cubed mean variation.

1 —
(N—1)0'3 g=(}(xn - I"l)3 (8)

‘}/:

Kurtosis

It is the Kurtosis of the signal that determines its Peakedness. More
peaks in the waveform correspond to a greater kurtosis number.

1 N-1, 4
_ N_lzizo (xi)

I )

(9)
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Root Mean Square

It is a quantitative representation of the signal's intensity. The signal's
magnitude is determined using the root-mean-square formula. The
strength is represented by the range. The root-mean-square deviation
provides a measure of the variability in the system's response to external
factors.

1 -
R.M.S = Ezli\]:()l xiz (10)

Machine learning algorithms

Machine learning algorithms are a critical component of the fast-
evolving science of artificial intelligence. These algorithms allow
computers to learn from data and make predictions or choices without the
need of human instructions. Here is a quick rundown of some of the most
common types of machine learning algorithms:

1. Supervised learning: In this sort of learning, algorithms are trained
using labeled training data—that is, data that has already been
assigned the right answer. Based on this data, the algorithm
predicts things and is adjusted if it gets it wrong. For continuous
outputs, common examples include logistic regression or support
vector machines for classification methods, and for categorical
outputs, linear regression.

2. Unsupervised learning: In this type of learning, data is sent to the
algorithm without clear instructions on how to handle it. Finding
some organization in the data through exploration is the aim.
Clustering methods like K-means or hierarchical clustering, as well
as dimensionality reduction algorithms like Principal Component
Analysis (PCA), are examples of common unsupervised learning
algorithms.

3. Semi-Supervised learning: This method falls in between
unsupervised and supervised learning. Here, both labeled and
unlabeled data are used to train the algorithm. When obtaining a
properly labeled dataset is costly or time-consuming, this approach
might be helpful.

4. Reinforcement learning: In this method, an algorithm gains
decision-making skills by acting in a way that advances its
objective in the environment. Rather than being informed directly
of its errors, it learns from the results of its actions. This method is
frequently applied in gaming, navigation, and robotics.
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5. Deep learning: A branch of machine learning that makes use of
multi-layered neural networks, or "deep networks," to assess
different aspects of data. Deep learning is very effective for voice
and picture recognition applications.

Every kind of machine learning algorithms has advantages and
disadvantages, and it may be used to many kinds of jobs. The type of data
and the particular needs of the work are major factors in selecting an
algorithm. In this paper, the supervised machine learning algorithms were
applied to the data for classification. The main idea of Supervised ML is
mapping between the input output of that data. In order to accomplish this
task, the algorithm receives training data. Training data consists of input
and output pairs. Inputs are multidimensional vectors that represent
relevant information about the signal states (which in our case are the brain
signal states) or activities to be decoded. Typically, raw data is used to
create features which are then manually optimized through feature
engineering to identify the most promising or relevant ones. Training
involves learning the mapping between features and desired outcomes.
The response variable, also known as the dependent variable, refers to
the output of interest linked with these traits, such as brain state or
behavior. During the training phase, the model learns to map the input
characteristics to target variables by optimizing model parameters, which
can be achieved through minimizing the cost function. The model
performance is indicated by the loss or error estimated by the cost function.
There are several algorithms that have the ability to minimize the cost
function, but the most common one is gradient descent. An acceptable
machine algorithm model consists of training and testing sets. The testing
set should never be evaluated by the algorithm during the training phase.
It should accurately depict the model's actual setting. The testing results
should be as good as the training sets. Figure 8 represents the machine
learning architecture.

The algorithms used were Support Vector Machine and Neural
Network.

Support Vector Machine

Although it may also be used for regression, Support Vector Machine
(SVM) is a strong and adaptable supervised machine learning technique
that is mostly utilized for classification problems. Given that it can handle
both linear and non-linear data, many difficult classification tasks benefit
greatly from its use. SVM tends to find the most adequate dividing
boundary (Linear or Hyperplane). SVM locates the hyperplane with the
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highest margin for a two-class classification issue, which indicates that it
is the farthest from the closest data points in each class. Support vectors,
which are these closest points, are essential for establishing the
hyperplane (Ahmed et al, 2022; Al-Hamadani, 2023).

Model Learning

)

Tra I n I n g Feature extractio Predicted output

Training Data Testing Data

Figure 8 — Architecture of machine learning

Neural Network

A neural network that is intended to be optimized or enhanced over
time is referred to as an "optimizable neural network". A neural network's
optimization often focuses on enhancing its performance in certain tasks,
such as predictive modeling, language processing, or image recognition
(Ortega-Fernandez et al, 2024) Below are some key concepts related to
optimizable neural networks:

1- Learning algorithm: An optimizable neural network's learning
algorithm is its most important component. This approach, which is
frequently a variation of gradient descent, modifies the network's
weights in response to input. The objective is to reduce the
deviation, sometimes referred to as the cost or loss, between the
network's predicted and actual results.

2- Backpropagation: Backpropagation is a common optimization
technique in neural networks, particularly in deep learning models.
It is a technique for quickly calculating the gradients of the loss
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function in relation to the network weights. The weights are then
updated using this knowledge to lessen the loss.
Hyperparameters: These are the configurations or settings that
control the neural network's general behavior but are left alone
while it learns. Learning rate, batch size, and the number of
network layers are a few examples. An essential step in neural
network optimization is fine-tuning of these hyperparameters.
Regularization and Overfitting: Overfitting is the process by which
a network gets excessively specialized to the training set and
underperforms when exposed to fresh, untested data. Through the
use of regularization techniques like dropout, weight decay, or
early halting, overfitting is prevented, improving the network's
generalizability and real-world performance.

Data Preprocessing: The performance of the network can be
greatly impacted by the way data is prepared and displayed.
Normalization, standardization, and augmentation are some of the
techniques that can improve the effectiveness and efficiency of
network training (Al-Aziz et al, 2021).

Transfer Learning: Using a pre-trained model on a sizable dataset
and then honing it for a particular job is a common method used to
enhance neural networks. This strategy can result in substantial
performance gains, particularly when there is a dearth of data
available for the particular job.

Evolutionary Algorithms: To optimize neural networks, certain
cutting-edge techniques include evolutionary algorithms. By
producing a population of networks, picking the top-performing
ones, and then using those networks to build a new generation of
networks, these techniques iteratively enhance the performance of
the network (Kuptsov & Stankevich, 2024).

Hardware Optimization: Lastly, employing GPUs (Graphics
Processing Units) or TPUs (Tensor Processing Units) for quicker
processing—a critical step in the effective training of big
networks—the performance of neural networks may also be
enhanced at the hardware level.

In the recent years, the development of artificial intelligence presented

an efficient opportunity in the enhancement of the lives of disabled
individuals. However, ethical considerations must be pointed out. To
begin, we must recognize the importance of ethics in Al research. When
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designing technology to aid disabled people, it is critical to examine the
possible implications for their privacy, autonomy, and well-being. Failure
to effectively address ethical issues can cause harm to the very people
these technologies are intended to serve. Thus, ethical monitoring and
thought are essential in Al research. Furthermore, privacy and data
security considerations are critical when dealing with sensitive personal
information about disabled people. Data anonymization, encryption, and
rigorous access restrictions must be applied to ensure the confidentiality
of personal data. Furthermore, gaining informed consent and guaranteeing
individuals' ownership over their data are critical ethical issues for
protecting autonomy and privacy rights. Addressing the ethical concerns
in Al research targeted at enhancing the everyday activities of disabled
people is critical to ensuring the appropriate and useful deployment of
technology. Researchers can uphold ethical values and maximize the
positive impact of Al technologies on the lives of disabled people by
recognizing potential risks such as bias, privacy concerns, and
dependency, as well as implementing mitigation strategies such as
fairness principles, data security measures, and stakeholder engagement.
Ethical monitoring and reflection must be integrated into Al research to
promote inclusion, autonomy, and dignity for all humans.

Results

The study's findings are provided in this section. The methods and
goals described in the preceding sections are followed in the organization
and detail of the results. To make sure that the data was fully understood,
a variety of analytical approaches were used. The purpose of this part is
to lay the foundation for the debate and interpretation of the study findings
by offering an objective and factual summary of the findings. As the
analysis and ramifications of these findings will be fully addressed in the
discussion section that follows, it is crucial to highlight that the data is
provided without prejudice or subjective interpretation.

The feature extraction explained in the previous sections aims to find
the best features of the data that can be used in classification later. Figure
9 shows the feature extracted using equations 5 — 10.

The features extracted help the classification algorithms to train in
order to find a pattern that can predict the outcome for each trial. The data
was labeled as 1 and 2 which represents if the subject imagined moving
his elbow or his wrist. Figures 10 and (11-12) show the SVM and NN
algorithms respectively for classifications.
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Figure 12 — Neural Network 2

The figures show the results for only one subject. Table 1 present all
subjects’ results after applying the same signal processing, feature
extraction and classifications.
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Table 1 — Classification accuracy

No Accuracy
SVM NN
1 90.00% 80.00%
2 85.00% 84.00%
3 85.00% 82.00%
4 80.00% 80.00%
5 84.00% 81.00%
6 82.00% 82.50%
7 75.00% 84.00%
8 80.00% 83.00%
9 79.00% 84.00%
10 76.00% 87.00%
11 85.00% 80.00%
12 80.00% 80.00%
13 77.00% 80.00%
14 85.00% 81.00%
15 73.00% 86.00%
16 78.00% 90.00%
17 88.00% 85.00%
18 84.00% 81.00%
19 86.00% 83.00%
20 91.00% 81.00%
21 96.00% 81.00%
22 98.00% 81.00%
23 85.00% 85.00%
24 96.00% 82.00%
25 82.00% 81.00%
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Figure 13 shows the difference between the SVM, and NN results
compared to the results shown in Ma et al (2020). The improvement made
in this study shows a good step up in classifying the signals.

Chart Title

i

1234567 8 910111213141516171819202122232425

SVM MNN ® Old Study

Figure 13 — Comparison of the results

Conclusion

The applications of brain waves has become widespread in recent
decades. The usage of these programs enhances the daily activities of
disabled individuals. Achieving high levels of accuracy is essential. The
non-invasive method of signal recording is the most commonly used in this
sort of application. In this procedure, EEG electrodes are used to record
signals from various areas of the brain while the brain is functioning in
response to a stimulus. This work improved a prior study's classification
accuracy of brain signals. Different algorithms are employed to analyze
signals, extract features, and classify them. The findings demonstrate how
the algorithms improved the classification accuracy of the prior study,
indicating that the work was on the right path. Achieving this accuracy
percentage leads to the development of new approaches for future
accuracy increase. There are several sorts of algorithms that may be used
for classification, but in our study, we only employed two since they
produced the best results. The findings obtained were based on the type
of characteristics extracted.
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Resumen:

Introduccién/objetivo: La aplicacion de las ondas cerebrales esta muy
generalizada en los ultimos afios, especialmente en las aplicaciones que
ayudan a las personas discapacitadas que han sufrido alguna amputacién
o paralisis. El objetivo de esta investigacion es evaluar qué tan bien
diferentes algoritmos de aprendizaje automatico supervisado clasifican las
sefiales cerebrales, con énfasis en mejorar la precision y efectividad de las
aplicaciones de interfaz cerebro-computadora.

Métodos: En este trabajo, los datos de las sefiales cerebrales se analizaron
utilizando varios modelos bien conocidos de aprendizaje supervisado,
como las maquinas de vectores de soporte (SVM) y las redes neuronales
(NN). EI conjunto de datos se tomé de un estudio anterior. Veinticinco
participantes imaginaron mover su brazo derecho (codo y mufieca)
mientras se registraban las sefiales cerebrales durante ese proceso. El
conjunto de datos se prepard para el andlisis mediante la aplicacion de
meticulosos procedimientos de preprocesamiento y extraccién de
caracteristicas. Luego los datos resultantes fueron sometidos a
clasificacion.

Resultados: El estudio destaca cuan cruciales son la seleccion de
caracteristicas y la modificacién del modelo para maximizar los resultados
de clasificacion. Los métodos de aprendizaje automatico supervisados
tienen un gran potencial para clasificar sefales cerebrales, particularmente
SVMy NN.

Conclusion: El uso de SVM y NN tiene el potencial de transformar
completamente la creacién de interfaces cerebro-computadora de
vanguardia. La integracion de estos modelos con datos en tiempo real
deberia investigarse en estudios futuros.

Palabras claves: aprendizaje automatico supervisado, EEG, sefiales
cerebrales, clasificaciones, extraccion de caracteristicas.

KoHTponupyemble anroputmMbl MalIMHHOMO 0Oy4YeHUs B
knaccudmkaumm curHanos mMosra

Uxab A6dynpaxmar Catam®®, koppecnoHgeHT, Po6epm Cabonun?
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@ O6yackuii yHMBEPCUTET, JOKTOpPaHTypa no TexHuke 6esonacHocTy,
r. Bynanewr, BeHrpus

6 CeBepHblit TEXHUYECKUI YHUBEPCUTET,
TexHnyecknn MHCTUTYT Anb-XaBugxa,
AenapTaMeHT AMIEKTPOHHOW TEXHUKM, I. XaBuapka, Pecnybnvka Vpak

PYBPUKA T'PHTW: 34.57.00 BuonnxeHepusa
B CTATbW: opuruHansHas Hay4Hasa ctaTbs

Pesome:

BeedeHnue/uenb: NpumeHeHue BrainWave e nocrnedHue 8pemsi CuiibHO
803p0cCsI0, 0cobeHHO 8 obriacmu MpuoXeHUl, Komopble rnoMoaarm
00AM € O2paHUYeHHbIMU  803MOXHOCMSMU,  MEPeHecuwum
amnymauuro unu napanud. Llens daHHo20 uccnedosaHusi — OUyeHUMb,
HacKoMbKO  MOYHO  pa3/luYyHble  KOHMPOUpPyeMble  an2opummebl
MawUuHHO20 0by4YeHUs Kraccuguuyupyom cueHarbl Mo32a ¢ akyeHmom
Ha nosblWeHUe moYyHocmu u 3ghghekmusHocmu rnpu e3aumodelicmsuu
Mo32a u Komrsomepa.

MemoObI: B daHHOU cmambe npoaHanu3uposaHbl 0aHHbIe O cuaHanax
MoO32a C ucrnofib3ogaHueM psda Xopowlo U3BeCmHbIx modenel
KOHMpOupyemozao oby4eHusi, makux kak MemoObi OrTOPHbIX 8EKMOPO8
(MOB) u HelipoHHbie cemu (HC). [HaHHble 3aumcmeosaHbl U3
npedbidywieao uccnedosaHus. [leabuamb nssimb PecrioHOeHmMos
npedcmaensnu, kak dguearom rpasol pykol (1I0Komb U 3arsicmse), a
00HOBPEMEHHO 3anucbl8anuchb cueHarnbl mosea. Habop daHHbIX 6bin
nodzomoerieH 0nsi aHanusa nymem mujamernsHol rpedeapumeribHoUl
0bpabomku U ebisierieHUs1 MPU3HaKos. 3ameM Mosy4YeHHble OaHHble
6b1n1u nodsepaHymsI Krnaccughukayuu.

Pesynbmamel: WccnedosaHue nodyepkusaem 3Ha4YUMOCMb 6blbopa
rpusHako8 u Molducpukauuu mooesnu Ord MoayYeHUs HausayyYwux
pe3ynbmamosg  knaccugukauuu.  Memodbl  KOHMPOUpyemoz20
MawuHHo20  oby4eHuss  umerom  bosbwolU  nomeHyuan 8
Knaccugbukayuu cuzHanoe mosea, ocobeHHo memodsbi MOB u HC.

Bbigodbl: TpumeHeHue memodoe MOB u HC moxem nomnHOCMbio
U3MeHUmb poyecc paspaboTku cOo8peMeHHbIX UHmepghelicos «mo3e-
Komrbromep». A BHegpeHue amux modenel ¢ 0aHHbIMU, NOMYyYEHHbIMU 8
peanibHOM 8peMeHU, OO/MKHO cmamb rpedMemom  darnbHelwux
uccriedosaHul.

Kntouesble crioga: KOHmMponupyemoe MaliuHHoe obydeHue, 33r,
CuzHarbl Mo32a, Krnaccugukayusi, 8bIsi8lIeHUE MPU3HaKos.

HagrnegaHy anropytMuy MaLLMHCKOT y4ersa 3a Knacudukaumnjy
MOXOaHWUX curHana

Uxab A6dynpaxmar Catam®®, aytop 3a npenucky, Po6epm Cabonumn?
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@ YuuBepantet O6yaa, Lkona gokropckmx 6e36egHOCHUX CTyavja,
ByaumnewTa, Mahapcka

6 CeBepHU TEXHUYKM YHUBEP3UTET, TEXHUYKM UHCTUTYT An-Xasuya,
Operbere enekTpoHcke TexHuke, XaBuya, Penybnuka Npak

OBNACT: GUOUHXEeHEPUHT
KATETOPWUJA (TWUIM) YITAHKA: opurinHanHu HayyYHu pag

Caxemak:

Yeod/yurb: MoxdaHu manacu umajy cee dYewhy rpuMeHy, Hapu4umo y
obrnacmu annukayuja 3a rnomoh ocobama ca amrymauyujoM umnu
napanu3om. Ljurb osoz ucmpaxueara jecme rpoueHa ycrewHocmu
Knacugpukosara MOXO0aHUX CueHana pasnudumux  HadanedaHux
aneopumama MaliUHCKO2 y4erba, ca mexuwmeM Ha robosbuiarby
npeyusHocmu u eghukacHocmu uHmepagbejca usmeRy mosza u paqyHapa.

Memode: Y pady cy aHanusupaHu nodayu MoxoOaHux cusHasia rnomohy
HEKOMUKO rno3Hamux HalenedaHux moodesia y4qersa, rnornym memoda
rnommnopHux eekmopa (SVM) u HeypanHux mpexa (NN). [Nodayu cy ysemu
u3 npemxodHe cmyduje. [Jeadecem nem ucnumaHuka je samuwsbasno 0a
rnokpehe decHy pyKy (rmakam u py4HU 327106) 0K Ccy UCmOBPeMeHo
CHUMaHU Mox0aHu cueHanu. CKyrn nodamaka je rnpuripeMsbeH 3a aHanusy
Kopuwherem 0emarbHUX rocmyraka rnpemxo0He obpade u ekcmpakuuje
Kapakmepucmuka.

Pesynmamu: Cmyduja Haenawasa CyWMUHCKU 3Hadaj cenekuyuje
Kapakmepucmuka u modughukayuje modesna 3a 0obujarbe wWmo 6osbux
pesynmama knacughukayuje. HadanedaHe memode MawUHCKO2 y4Yera
uMmajy eernuku romeHuyujan 3a Kracugukogare MOXOaHUX cueHarna,
Hapo4yumo memode SVM u NN.

Sakrbyyak: Kopuwheme memoda SVM u NN uma nomeHuyujan Oa
nomryHoO mpaHcghopMule Kpeupare HajcaspeMeHujux UHmepgejcosa
uamelly mo3sza u padvyHapa. VIHmezpayuja osux modena ca nodauyuma
dobujeHum y peanHoMm epemeHy mpeba Oa byde npedmem 6ydyhux
ucmpaxuearba.

KmbyyHe peyu: HadernedaHo MawUHCKo ydere, EEl, MoxdaHu cuaHanu,
Knacugukayuje, ekcmpakyuja kapakmepucmuka.
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Abstract:

Introduction/purpose: Despite the era of digitization, the assessment of
the combat readiness of modern army members has always been asso-
ciated with good physical fitness. When it comes to the specific physical
abilities of the Military Academy cadets, their previous tests indicate that
the values are within the expected limits. The aim of this work is to com-
pare the values of the results in the specific motor skills of cadets by
classes (groups) after the second year of schooling. It is hypothesized
that there are differences in the results of the cadets by groups.

Methods: The sample consisted of a total of 932 male cadets within
nine groups, after the second year of study, starting from the 2012/2013
school year. Four variables related to specific motor skills were included:
pull-ups on a bar for 2 minutes, crunches for 2 minutes, 3200 m run-
ning, and overcoming infantry obstacles. Using statistical programs, the
results of these four variables were processed through central and dis-
persion parameters. The univariate analysis of variance (ANOVA) was
used to determine the differences between the groups in the achieved
results. The multivariate analysis of variance (MANOVA) determined the
differences in the system of variables with spaces.

Results: The analysis of the results of the specific motor abilities by
groups after the second year of study determined that there are sta-
tistically significant differences in the variables “pull-ups on a bar” and
“crunches”, while there are no statistically significant differences in the
variables “3200 m running” and “overcoming infantry obstacles”.

Conclusions: The values of the results of the cadets in these four specific
motor abilities are obviously within the limits provided by the Instructions

750


https://orcid.org/0009-0007-4572-5151
https://orcid.org/0000-0002-0561-1332
https://doi.org/10.5937/vojtehg72-46560

and standards for evaluating cadets by age, so it was determined that
there are no greater deviations than expected.

Key words: ANOVA, MANOVA, combat readiness, motor skills, pull-ups,
crunches, infantry obstacles.

Introduction

The previous research studies on the specific physical abilities of the
cadets of the Military Academy indicate that the results are within the ex-
pected limits. There are numerous worldwide studies related to motor abil-
ities, morphological characteristics and functional abilities and they were
conducted on a sample of respondents consisting of cadets of military
academies or professional persons aged 18 to 24. The Military Academy in
Norway performed testing on 260 male and 29 female cadets with the aim
of examining changes in anthropometry and physical fitness during 3 years
of schooling (Aandstad et al, 2020). The results showed that the most of
the observed changes were very small. During the research of cadets (197
male cadets and 31 female cadets) of the Military Academy in Poland, in
addition to somatic development, they were also tested in physical abili-
ties (Jamro et al, 2021). A statistical difference was established, where
male cadets showed better results in practical military subjects, while fe-
male cadets had better results in theoretical military subjects. The results
of physical fitness indicate differences between the male and female sexes
and point to the need for specialized training aimed at bridging large differ-
ences in physical fitness, especially in the development of muscle strength.

At the Military Academy in Romania (Melnykov et al, 2018), research
was conducted on 112 cadets in physical preparation in the first two years
of schooling. Eurofit tests for physical education and military training were
used. The results indicate that the structure of changes in physical prepa-
ration in the experimental groups differs significantly in relation to the years
of study. The obtained results should be aimed at developing the physical
abilities of cadets.

Many studies indicate that good physical abilities of cadets or soldiers
enable better execution of operational tasks as well as reduced muscu-
loskeletal injuries (Vaara, 2017).

The analysis of the results of the motor skills of the cadets of the Mil-
itary Academy in Belgrade during schooling shows that the best results
were achieved after the second academic year (Mari¢, 2011). The exper-
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imental treatment included the entire curriculum in the subject of Physical
Education (PE) during the education at the Military Academy. The num-
ber of hours was 60+30 hours. The course content includes: wrestling,
swimming, overcoming infantry obstacles with gymnastics, general physi-
cal preparation, skiing and theory. Based on the principle of systematicity
and gradualness, each specialty goes from the known to the unknown and
from the easier to the more difficult. "The best average results for the as-
sessment of motor skills were achieved after the second year of study.”
(Mari¢ et al, 2013).

The aim of this work is to compare the values of the results in the spe-
cific motor abilities of cadets by classes (groups) after the second year of
study. It is hypothesized that there are differences in the results of (male)
cadets by groups. The concept of experimental treatment is included in
the entire curriculum in the subject of Physical Education (PE) related to
the education of cadets in the Military Academy.

Results

Table 1 shows the descriptive parameters of the motor variable “pull-ups
on a bar” for 2 minutes. Based on the minimum and maximum values of the
results of the motor variable “pull-ups on a bar” by groups, it is observed
that they range from a minimum of 5 (except in the 8" group, where the
minimum value is 6 repetitions) to a maximum of 21. The coefficient of
variation indicates a greater heterogeneity of the results by groups when
the values are maximal. It is obvious that the subjects were prepared dif-
ferently in mastering this motor task. Based on testing the symmetry of
the curve, the skewness values indicate a negative curvature, while the
kurtosis values show a certain heterogeneity of the results by groups.

Table 1 — Descriptive indicators of the variable “pull-ups on a bar” by groups

Group | No. cad. | Min | Max | Aver. SD | COV.V.% | Skew. Kurt.
I 121 5 21 11.26 | 3.68 32.7 -0.204 | -1.015

I 107 5 15 | 12.63 | 3.07 24.3 -1.178 | 0.168
I 142 5 15 | 12.66 | 2.98 23.5 -1.039 | -0.133
\Y, 99 5 20 | 13.03 | 3.25 24.9 -0.968 | 0.144
Vv 123 5 17 | 12.33 | 3.22 26.1 -0.783 | -0.760
VI 94 5 15 | 12.02 | 3.21 26.7 -0.717 | -0.803
Vi 85 5 20 | 11.61 | 3.78 32.6 -0.370 | -1.146
VI 63 6 18 | 13.13 | 3.20 244 -0.679 | -0.394
IX 98 5 16 | 12.57 | 3.28 26.1 -1.114 | -0.051
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The motoric variable “crunches for 2 minutes” by groups is shown in
Table 2. From the descriptive parameters of this motor ability, it can be
seen that the minimum values range mostly from 40 repetitions, except in
the 8th group and the 6" group, where the minimum numbers of repetitions
are 67 and 46, respectively.

Table 2 — Descriptive indicators in the variable “crunches for 2 min” by groups

Group | No. cad. | Min | Max | Aver. SD COV. V. % | Skew. Kurt.
I 121 40 90 | 72.27 | 11.08 15.33 -1.209 | 0.861
Il 107 40 91 72.08 | 10.38 14.40 -1.175 | 1.135
I} 142 41 100 | 75.50 | 8.34 11.05 -1.633 | 3.382

\% 99 40 | 100 | 74.56 | 10.98 14.73 -0.982 | 1.178
V 123 44 90 | 73.74 | 8.43 8.44 -1.170 | 0.374
\ 94 46 | 100 | 76.65 | 10.84 14.14 -0.884 | 1.015
Vi 85 40 | 115 | 70.74 | 14.15 20.00 -0.356 | 0.406
VI 63 67 | 110 | 81.37 | 6.93 8.51 1.031 | 4.219
IX 98 40 90 | 70.49 | 12.10 17.16 -0.986 | -0.122

The maximum values indicate that the best result was achieved in the
seventh group with 115 crunches for 2 minutes. On the basis of the coeffi-
cient of variation, it was determined that the results in this motor ability are
mostly homogeneous, which is mostly reflected in the 8t group (cov.v.=
8.44 %). The greatest heterogeneity is in the 7" group, where the val-
ues of the results of crunches for 2 minutes range from a minimum of 40
repetitions to a maximum of 115 repetitions (cov. v.= 20.00 %).

Based on the skewness value, the curvature of the curve is negative for
all groups by years of education, except for the 8" group, which has a high
degree of homogeneity.

In Table 3, the descriptive indicators in the variable “3200 meters run-
ning” by classes are shown in seconds. For some cadets, the maximum
results are slightly higher than the limit based on the PE Instructions, but
these are the results they achieved at the end of the school year in this
discipline.

The worst result was achieved by a cadet in the 7" group, in the 3200
m running, with a time of 990 seconds, and the best time was achieved by
some cadets from the 3'¢ and 5" groups with 678 seconds (11 min. and 18
sec.). On the basis of the coefficient of variation, one can observe a great
homogeneity by classes. These values are possible, because the results
are limited, according to the tables for the 3200 m running. In most cases,
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Table 3 — Descriptive indicators in the variable “3200 meters running” by groups

Group | No. cad. | Min | Max | Aver. SD COV. V. % | Skew. Kurt.
I 121 684 | 985 | 837.21 | 73.57 8.79 -0.041 | -0.704
Il 107 690 | 959 | 831.96 | 62.85 7.55 -0.013 | -0.807
Il 142 678 | 980 | 825.45 | 67.45 8.17 0.293 | -0.471
v 99 701 | 950 | 835.43 | 69.82 8.36 0.299 | -0.462
\Y 123 678 | 980 | 826.07 | 68.63 8.30 0.301 | -0.421
VI 94 722 | 980 | 828.34 | 73.31 8.62 0.274 | -0.437
Vi 85 699 | 990 | 861.33 | 71.02 8.24 -0.124 | -0.675
VI 63 690 | 938 | 815.71 | 61.67 7.56 -0.172 | -0.699
IX 98 704 | 968 | 854.15 | 56.54 6.62 0.108 | -0.566

the results by group move towards higher values, but the homogeneity is
equally good, and the highest value is in the ninth group (cov.v.= 6.62 %).

Table 4 — Descriptive indicators in the variable “overcoming infantry obstacles” by

groups
Group | No. cad. | Min | Max | Aver. SD COV. V. % | Skew. Kurt.
I 121 98 | 176 | 141.72 21.28 15.0 -0.018 | -0.921
I 107 96 | 176 | 140.38 18.77 134 0.144 | -0.628
I 142 87 | 176 | 140.64 20.89 14.8 -0.177 | -0.654
Y] 99 92 | 176 | 139.92 | 19.73.82 14.1 -0.156 | -0.728
\Y 123 101 | 176 | 144.45 21.47 14.9 -0.125 | -1.197
\ 94 103 | 176 | 144.83 20.87 14.4 0.028 | -0.678
VI 85 93 | 176 | 141.63 21.01 14.8 -0.412 | -0.341
VI 63 85 | 176 | 141.50 24.09 17.6 -0.003 | -0.124
IX 98 95 | 176 | 142.21 19.46 13.7 -0.347 | -0.377

Table 4 shows the descriptive parameters of the motor variable of over-
coming infantry obstacles. For the assessment of the motor ability “over-
coming infantry obstacles”, after the second year of studying and by analyz-
ing the mean values, it can be said that the results are within the possibility
limits, based on the minimum and maximum values of the results of the
motor variable. It can be seen that the best time (result) was in the 8"
group with 85 sec. (1 min. and 25 sec.) and in the 3'@ group with 87 sec.
(1 min. and 27 sec.), which means that some cadets had really outstanding
results. Based on the coefficient of variation, it was determined that the re-
sults in this motor skill are mostly homogeneous and approximately equal.
The maximum (worst) results are the same in all groups, because this is
the result that is recognized for the grade that cadets should achieve based
on the Physical Education instructions. Based on testing the symmetry of
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the curve, the skewness values indicate mostly negative asymmetry and
the curve is stretched towards higher scores.

Differences between the respondents in mastering the
motor skills of cadets

During the analysis of the descriptive indicators in the mastery of the
motor skills tested (pull-ups on a bar for 2 minutes, crunches for 2 minutes,
3200 m running, and overcoming infantry obstacles), numerical differences
in the average results in certain variables for the assessment of motor skills
were observed. The statistical significance of the observed differences be-
tween groups (classes) in relation to these four variables was determined
by statistical analysis, the multivariate analysis of variance (MANOVA), and
the univariate analysis of variance (ANOVA).

Regarding the pull-up test, from Table 5, it can be said that there are
statistically significant differences in the results between the nine groups,
based on the multivariate analysis of variance (MANOVA), where p=0.012.

Table 5 — Statistically significant differences between the groups in the variable
“oull-ups on a bar”

MANOVA | n F p
9| 1.334 | 0.012

The analysis of the results obtained by the univariate analysis of vari-
ance (ANOVA), in Table 6, shows that, in the variable “pull-ups on a bar”,
there are no statistically significant differences between the respondents
by groups, except in the 4" group (.033), the 8" group (.004), and the 7"
group (.079), but with an increased risk of inference.

The results achieved by the cadets by groups were as expected. How-
ever, there are cadets who achieved better results than expected, which
may be the result of their greater commitment during the school year, apart
from regular classes. In the variable “2-minute crunches”, by the MANOVA
analysis (Table 7), within 9 different groups, it is observed that there are
statistically significant differences, where p=0.001.

The univariate analysis of variance ANOVA, Table 8, showed that there
are statistically significant differences in the 3t group (0.029), the 6" group
(0.031), and the 8" group (0.037), which was not observed in other groups.

The results of this test indicate that even in these groups there is a differ-
entlevel of preparedness, but which can be influenced by practice. Regard-
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Table 6 — Statistically significant differences between the groups in the variable
“oull-ups on a bar”

Group F p
| 1.084 | 0.409
1l 1.496 | 0.133
I 0.773 | 0.755

v 1.952 | 0.033
\Y 0.887 | 0.625
\ 1.252 | 0.266
Vil 1.669 | 0.079
VI 2.635 | 0.004
IX 1.311 | 0.226

Table 7 — Statistically significant differences between the groups in the variable
“crunches”

MANOVA | n F p
9 | 1.591 | 0.001

ing the analysis of the statistically significant differences within 9 groups,
the multivariate analysis of variance in the 3200 m running variable, Table
9, indicates that there are no differences, where p=0.798.

The univariate analysis of variance ANOVA, Table 10, showed no sta-
tistically significant differences by groups.

Having in mind that the cadets successfully mastered the teaching con-
tent after two years of studying, the obtained results are not surprising.

The analysis of the variable “overcoming infantry obstacles” based on
the MANOVA (Table 11), shows that no statistically significant differences
were found (p=0.233).

Table 8 — Statistically significant differences in the variable “2-minute crunches”

Group F p
| 2473 | 0.029
Il 0.939 | 0.587
I 1.272 | 0.314

v 1.757 | 0.117
\Y 1.211 | 0.355
\ 2.451 | 0.031
Wl 1.223 | 0.347
Vil 2.353 | 0.037
IX 1.594 | 0.163
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Table 9 — Statistically significant differences between the groups in the 3200 m
running variable

MANOVA | n F p
9 | 0.660 | 0.798

Table 10 — Statistically significant differences in the 3200 m running variable

Group F p
| 2.453 | 0.333
1l 0.331 | 0.943
I 3.803 | 0.230

v 3.194 | 0.269
\Y 3.722 | 0.221
\ 4.931 | 0.258
Vil 0.901 | 0.664
VI 0.398 | 0.933
IX 1.067 | 0.603

Table 11 — Statistically significant differences between the classes in the variable
“overcoming infantry obstacles”

MANOVA | n F p
9| 1.225 | 0.233

Based on the analysis of individual results (ANOVA) to determine sta-
tistically significant differences within 9 groups (Table 12), it can be ob-
served that there are no differences here either.

Table 12 — Statistically significant differences in the variable “overcoming infantry

obstacles”
Group F p
| 0.789 | 0.713
Il 1.947 | 0.204
1] 1.029 | 0.547

\% 1.571 | 0.299
\Y 1.006 | 0.562
\ 1.755 | 0.247
Wl 0.903 | 0.630
Vi 0.911 | 0.624
IX 2.752 | 0.101

The achieved results are expected, because the cadets mastered these
skills, which is mandatory during the evaluation within the Curriculum. In-
dividual differences among cadets by groups in specific motor abilities may
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be a consequence of different individual preparation. In these tests, mo-
tor skills are developed, mostly strength and endurance, and less speed,
coordination, flexibility, etc. Cadets, with their extracurricular involvement,
can achieve even better results during the schooling.

Conclusion

The achieved results in the motor skills of the cadets of the Military
Academy are within the limits specified by the tables for checking physi-
cal abilities. The planned program corresponds to the set norms, but it is
obvious that there is room to improve the results through afternoon phys-
ical activities - sections (Mari¢ et al, 2015). A number of cadets are not
sufficiently engaged in extracurricular physical activities, and it may also
be a consequence of genetic predispositions, so they achieve minimal re-
sults. Depending on the period of development, certain factors that act on
the body during exercise can cause different effects. Monitoring cadets
by groups gives the opportunity to change and supplement the teaching
process in military physical education.
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Resumen:

Introduccién/objetivo: A pesar de la era de la digitalizacion, la
evaluacién de la preparacion para el combate del ejército mo-
derno siempre ha estado asociada con una buena condicion fi-
sica. En cuanto a las capacidades fisicas especificas de los ca-
detes de la Academia Militar, sus pruebas previas, indican que
los valores se encuentran dentro de los limites esperados. El ob-
Jetivo de este trabajo es comparar los valores de los resultados
en las habilidades motoras especificas de los cadetes por clases
(grupos) después del segundo afio de escolarizaciéon. Se hipo-
tetiza que existen diferencias en los resultados de los cadetes
por grupos.

Métodos: La muestra estuvo compuesta por un total de 932 ca-
detes varones dentro de nueve grupos, después del segundo
afo de estudio, a partir del afio escolar 2012/2013. Se incluye-
ron cuatro variables relacionadas con habilidades motoras espe-
cificas: dominadas en barra durante 2 minutos, abdominales du-
rante 2 minutos, carrera de 3200 m y superacion de obstaculos
de infanteria. Mediante programas estadisticos se procesaron
los resultados de estas cuatro variables a través de parametros
centrales y de dispersién. Se utiliz6 el analisis de la varianza
(ANOVA) para determinar las diferencias entre los grupos en los
resultados obtenidos. El analisis multivariado de varianza (MA-
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NOVA) determiné las diferencias en el sistema de variables con
espacios.

Resultados: El andlisis de los resultados de las habilidades mo-
toras especificas por grupos después del segundo arfo de estu-
dio, determiné que existen diferencias estadisticamente signifi-
cativas en las variables “dominadas en barra” y “abdominales”’,
mientras que no existen diferencias estadisticamente significati-
vas. en las variables “3200 m corriendo” y “superacion de obs-
taculos de infanteria”.

Conclusion: Los valores de los resultados de los cadetes en es-
tas cuatro habilidades motoras especificas obviamente se en-
cuentran dentro de los limites previstos por el Instructivo y es-
tandares para la evaluacion de cadetes por edades, por lo que
se determiné que no existen desviaciones mayores a las espe-
radas.

Palabras claves: ANOVA, MANOVA, preparacién para el com-
bate, habilidades motoras, dominadas, abdominales, obstaculos
de infanteria.

CpaBHUTENbHLIN aHanM3 cneundundecknx asuraTenbHbIX
HaBbIKOB KypCaHTOB NOCre BTOPOro Kypca obyyeHus

Jlena 0. Mapwny, koppecnoHaeHT, Murnie N. PaHgxenosuy

YHuBepcutet 060poHbI B . benrpan, BoeHHasa akagemus, LieHTp

m3nyecKon NoarotToBkx u cnopTa, I. benrpag, Pecnybnuka Cepbus

PYBEPUKA TPHTW: 77.03.17 lMNpodeccunonanbHo-NpuknagHas
dusnyeckasi NOAroToBka

B[O CTATbW: opurnHanbHas Hay4Has cTaTtbs

Pesrome:

BeedeHue/uenb: OueHka 6oecomosHOCMU cOo8peMeHHOU ap-
Muu eceela bbliia cesisaHa ¢ xopowel ¢husudeckol rnod2omos-
JIEeHHOCMbIO U, HECMOMpPS Ha yughposusauyuro, 0o Cux rnop siers-
emcs 0CHogoU oueHKu boegoli eomosHocmu apmuu. PaHHue uc-
cnedosaHus crieyugudeckux ¢pusudeckux criocobHocmel Kyp-
caHmoe BoeHHoli akademuu ceudemernbcmgyom 0 momM, 4mo
3Ha4eHUs ux ¢pusudeckoli MoO20mos8KU COOMEemcmaym Hop-
me. Llenbto daHHOU cmambu si8r1siemcsl cpasHeHue 3Haq4eHul
pe3yrnbmamos KOHKpemHou 0suzameribHoU akmugHOCMuU Kyp-
caHmos (o epyrinam) rnocsie emopoeo Kypca obyyeHus. Bbidsu-
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eaemecs euriomesa O Hanu4uu pasnuquﬁ 8 pesysibmamax Kyp-
caHmaoe 8 3asucumMocmu om epyrirbl.

Memodni: Beibopka cocmosina u3 932 KypcaHmoe My»CKoao ro-
J1a, OKOHYUBWUX 8mopoli Kypc 8 0eesimu pa3HbIX 2pyrnnax, Ha-
yuHas ¢ 2012/2013 y4yebHozo 200a. bbinu 8K4YeHb! Yembipe
repemMeHHbIe, C851I3aHHbIE C KOHKPEMHbIMU O8u2ameribHbIMU Ha-
8blKkaMu, a UMEeHHO: nodmsiaugaHusi Ha MypHUKe - 2 MUHymMbl,
nodnem Kopriyca om riona 3a 2 MuHymsl, ez Ha 3200 m u npe-
odorieHue ronockl npensmcemeud. MYcronb3ys cmamucmudye-
CKue rnpoepaMmbl, pe3yfibmambl 3Mux Yembipex nepeMeHHbIX
6b1r1u 0bpabomarbi ¢ MOMOWbIO UeHMparbHbIX U OUCepCUOH-
HbIX napamempos. [ns onpedesnieHusi pasnudul mexoy epyr-
namu 8 docmuzHymbix pe3yribmamax Ucrionb308arcsi 0OHOMep-
HbIl ducnepcuoHHbIl aHanu3 (ANOVA). MHozomepHbIl ducriep-
CUOHHbIU aHanu3 (MAHOBA) ebisigurn pasnu4usi 8 cucmeme re-
PEMEHHbIX 10 NPOCmpaHcmeam.

Pesynbmamel:  AHanusupysi pesyrnbmambl omoesibHbiX 08u-
e2ameribHbIX CrlocobHocmel KypcaHmos, OKOHYUBWUX 8mopoul
KYpC 8 pa3HbiX epynnax, yCmaHOo8/IeHO, Ymo UMEermcsi cmamu-
CMuYecKu 3HadumMble pasfiu4qusi rno riokasamesisiM nodmsauea-
Hull Ha mypHuUKe u nodbema Kopriyca om rosa, 8 mo 8peMsi Kak
cmamucmu4yecKu 3Ha4uMbIX pa3nuyull rno nepemeHHbim 6eza Ha
3200 m u npeodoneHus npensmcmeuli He 0bHapyXXeHo.

Bbig800b1: 3HaueHus1 pe3ynbmamos mecmupoeaHusi KypcaHmos
10 3MuM YembIpeM KOHKPemHbIM deuz2amesibHbIM CrioCObHO-
cmsm Haxo0smcs 8 nnpedernax, MpedyCcMoOmpeHHbIX VIHcmpyKyu-
eli u cmaHOapmamu OUEHKU KypcaHmos o eo3pacmy. Ycma-
HOB/1eHO, YmO 60sIbLWUX OMKIOHEHUU, YeM 0Xudasnochb, Hem.

Kntouesnsie cnosa: ANOVA, MANOVA, ¢busuyeckass no02omos-
Ka, Momopuka, nodmsiaueaHusi, rnpucedaHusi, rnosoca rnpensm-
cmeulti Orisl Nexomel.

YnopepgHa aHanunsa cneumuyHMX MOTOPUYKMX CMOCOBHOCTHM
KageTa no Krnacama nocrne gpyre roguHe LKonoBaka
Jlena [1. Mapuh, aytop 3a npenucky, Mure IN. Panhenosuh

YHuBep3uTeT ogbpaHe y beorpaay, BojHa akagemuja, LieHTap 3a
dusnyko BacnuTamwe n cnopt, beorpag, Penybnuka Cpbuja

OBNACT: curanuko BacnuTamwe
KATEFOPWJA (TWM) YNAHKA: opurMHanHu Hay4Hu pag
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Caxxemak:

Yeood/uurs: lNpouyeHa 6bopbeHe 20mosocmu caspeMeHe 80ojcKe,
ynpkoc Ouaumanu3ayuju, odysek je burna nogesaHa ca 0obpom
gusuykom ocriocobreeHowhy u HeHa je ocHoea. [Jocadawra
ucmpaxuearsa crieyughudHUX husuykux crrocobHocmu kadema
BojHe akademuje, ykasyjy Ha mo Oa ce spedHocmu Kpehy y npeod-
suheHum epaHuyama. Lurb osoe pada jecme da ce yriopede
epedHocmu pesyrimama Koju ce oOHoce Ha crieyugbuyHe Momo-
puyke criocobHocmu kadema o Krnacama (epyrne) rocre dpyae
200uHe wkornosama. locmasrba ce xuniomesa 0a rnocmoje pa-
371uKe y pesynmamuma kadema rno epynama.

Memode: Y3opak 4yuHe ykyrnHo 932 kadema mywkoe rona y
okeupy desem epyna, HaKkoH Opyae 200UHe WKoosarba Mo4yes-
wu 00 wkoricke 2012/ 2013. 2o0uHe. ObyxesaheHe cy yemupu
sapujabrie Koje ce 00HOCce Ha crieyughuyHe MOMOPUYKe Criocob-
Hocmu: 3eubosu Ha spamurly 3a 2 MuH, rnodusare mpyna ca
mra 3a 2 MuH, mp4are Ha 3200 m u caenadagaH-e newadujckux
npenpeka. [NpumeHoM crmamucmuykux npoepama obpaheHu cy
pesynmamu oge yemupu sapujabrie Kpo3 ueHmparHe u ducrnep-
3uoHe napamempe. 3a ymeplhuearme pasnuka usmehy epyna
y nocmuzHymum pedynmamuma KopuwheHa je yHueapujaHmHa
aHanu3sa eapujaHce (AHOBA). MynmueapujaHmHOM aHanu3om
sapujaHce (MAHOBA) ymepheHe cy pa3srnuke y cucmemy 8apu-
jabnu no npocmopuma.

Pesynmamu: AHanusupajyhu pesynmame crieyuchuqdHux Momo-
PUYKUX criocobHocmu kadema 1o epyrama rnocrie dpyae 200uHe
wkKornoesama, ymepheHo je 0a cmamucmuYykU 3Ha4ajHe passiuke
rocmoje y eapujabnama 32ubogu Ha epamuiiy u nodusare mpy-
na ca mna, 0K y eapujabnama mp4yar-e Ha 3200 m u caenada-
gar-e rnewadujcKux rnpernpeka Hema crmamucmuyku 3HadajHux
passuka.

Bakrbyyak: BpedHocmu pesynimama kadema y oge Yemupu crie-
uughuyHe Momopuyke criocobHocmu o4uanedHo ce kpehy y epa-
Huyama ripedsuheHum Ynymcmeom u cmaHOapduma 3a OUeru-
sar-e kadema ro 2oduHama, na je ymepheHo da He nocmoje ge-
ha odcmynara 00 rpedsuljeHux.

KmbyyHe pedu: AHOBA, MAHOBA, ¢busudka ocriocobrbeHocm,
MomopHe criocobHocmu, 32ubosu, mpbywH-ayu, rnosiu2oH re-
wadujcKux rnpernpeka.

762



Paper received on: 15.09.2023.

Manuscript corrections submitted on: 07.06.2024.

Paper accepted for publishing on: 08.06.2024.

© 2024 The Authors. Published by Vojnotehnicki glasnik / Military Technical Courier
(http://vtg.mod.gov.rs, http://BTr.mo.ynp.cp6). This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/rs/).

763

Mari¢, L. et al, Comparative analysis of the specific motor skills of cadets by classes after the second year of education, pp.750-763



http://vtg.mod.gov.rs
http://втг.мо.упр.срб
http://creativecommons.org/licenses/by/3.0/rs/

QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 2

REVIEW PAPERS

Review of RF-based drone classification:
techniques, datasets, and challenges

Boban Sazdi¢-Joti¢?, Ivan Pokrajac®,

Jovan Bajceti¢®, Nenad Stefanovic¢d

a Military Technical Institute, Belgrade, Republic of Serbia,
e-mail: boban.sazdic.jotic@vs.rs, corresponding author,
ORCID iD: @https://orcid.org/0000-0001-7239-174X

b Military Technical Institute, Belgrade, Republic of Serbia,
e-mail: ivan.pokrajac@vs.rs,
ORCID iD: @https://orcid.org/0000-0002-2573-5543

¢ Khaoticen, Belgrade, Republic of Serbia,
e-mail: bajce0O5@gmail.com,
ORCID iD: “https://orcid.org/0000-0002-3070-2594

d Serbian Armed Forces, Center for Applied Mathematics and
Electronics, Belgrade, Republic of Serbia,
e-mail: nenad.stefanovic@vs.rs,
ORCID iD: @https://orcid.org/0000-0002-0222-8311

doi https://doi.org/10.5937/vojtehg72-49286

FIELD: computer sciences, telecommunications
ARTICLE TYPE: review paper

Abstract:

Introduction/purpose: This article analyzes the publicly available literature
on drone classification in the radio frequency domain, focusing on detection
and identification. Drones are increasingly used for illegal purposes, making
classification techniques crucial. This review paper covers passive radio
frequency sensors, classification techniques, and datasets that highlight the
challenges.

Methods: Researchers are developing antidrone solutions because drones
have become valuable tools and targets for illegal activities. Due to the
scope of the subject matter, the review included only the classification of
drones via passive radio frequency sensors with a description of the
classification techniques (set of algorithms, methods, and procedures) and

NOTE: This work, with a similar title (Drone classification based on radio frequency:
techniques, datasets, and challenges), has been presented at the 10th International
Scientific Conference on Defensive Technologies OTEH 2022, Belgrade, Serbia, pp.314-
320, October 13-14.
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the datasets used for performance testing. This study introduces a new
categorization and offers deeper insights into publicly available drone
classification techniques.

Results: Based on the results of this study, it is apparent that deep learning
algorithms are presently the most effective approach to addressing the
challenge of drone classification within the radio frequency domain. One of
the primary obstacles is the absence of a comprehensive standard for
classifying drones in the radio frequency domain, which should be based
on end-user requirements. Additionally, the results of two ablative
experiments highlight the preprocessing of raw 1/Q radio signals as an
essential step in drone classification.

Conclusion: In summary, the proposed categorization provides a valuable
tool for literature review. Deep learning is the most effective technique for
drone classification, but publicly available datasets with drone radio signals
are limited. The key strength of this study is that it represents the first review
of publicly available datasets with drone radio signals.

Keywords: deep learning, drone, detection, classification, identification,
radio frequency.

Introduction

Unmanned aerial systems (UAS), primarily commercial off-the-shelf
(COTS) ones, have become increasingly popular due to their numerous
applications, ranging from commercial to military purposes. However, as
technology continues to improve and UAS become more affordable, they
have also become more susceptible to criminal and terrorist activities. This
has made it vital to have effective antidrone (ADRO) systems in place to
protect sensitive areas and critical infrastructure. ADRO systems use a
combination of sensors, including optoelectronic, acoustic, radar, and
radio frequency devices, to monitor and detect UAS. These systems have
three core subsystems: monitoring, mitigation, and command and control
(C2). To ensure maximum protection against UAS threats, ADRO systems
must incorporate different procedures such as detection, spoofing,
jamming, and mitigation (Hassanalian & Abdelkefi, 2017; Ding et al, 2018).
In summary, ADRO systems are essential for safeguarding against the
potential harm that UAS can cause. By incorporating various sensors and
procedures, these systems can effectively detect and neutralize UAS
threats, making them a critical tool for security forces. The ongoing military
operations in Ukraine and the Gaza Strip serve as evidence that the
engagement of UAS worth less than tens of thousands of dollars can
effectively neutralize crucial weapons and military assets of the enemy.
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The ADRO system relies on various sensors combined with detection
or warning procedures to detect UAS, also known as drones. These
procedures serve two purposes - early warning (detection) and
identification of the detected drones, with optional tracking, which provides
inputs for the next stage of the ADRO system. Spoofing is one of the
approaches used in the next phase but is not compulsory. The ADRO
system can deceive drones by sending false radio signals, typically an
emergency landing signal. If the spoofing fails, the ADRO system can
engage in jamming procedures, where the drone control and navigation
signals are disturbed by posing substantial interference. Finally, the ADRO
system can use the mitigation procedure to destroy or capture malicious
drones.

Although ADRO systems use various strategies and sensors, radar
and radio frequency (RF) sensors are the most practical applications for
primary drone detection. RF sensors have several advantages over radar
technology. One of the most significant benefits is that they do not emit
electromagnetic radiation, making them a safer and covert option.
Additionally, RF sensors have a more extensive detection range and can
be used to counteract UAS that use jamming techniques. RF sensors are
passive devices that only receive RF signals from UAS, which are present
in almost every scenario. In contrast, radar is an active device that emits
electromagnetic energy, making it unsuitable for specific situations. The
detection range of RF sensors depends on the environment and the
transmitter power of the UAS but is usually comparable to radar. Another
advantage of RF sensors is that they can combine with jammers, which
can be used for spoofing and jamming if required. RF sensors are also
more versatile than other sensors, as they can be utilized for various
purposes such as communication protocol detection, drone MAC address
detection, feature extraction, or direct use with multiple classification
algorithms.

The characteristics mentioned above, especially those offered by RF
sensors, have been verified through a quantitative comparative analysis
based on data from (Drone Industry Insights UG, 2023) and (Butterworth-
Hayes, 2023). The results of such analysis are shown in Figure 1 and
include 295 different antidrone (ADRO) systems. Notably, most ADRO
systems engage optoelectronic sensors (35.8%), RF sensors (31.24%),
and radars (28.13%), while acoustic sensors (4.83%) are the least
represented. The availability of cameras and the variety of computer vision
(CV) algorithms are the main reasons that optoelectronic sensors (OES)
take the first place. However, a more comprehensive and quality data
analysis determines that RF sensors and radars are the primary choice for
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modern ADRO systems due to their better characteristics. Indeed, this
means that cutting-edge ADRO systems have an RF sensor and radar to
detect the drone, while the OES is used mainly for closer identification of
the drone type.

4,83%
31,24%
BRF 28,13%
OOES
O Radar
O Acoustic
35,80%

Figure 1 — Quantitative comparison of sensor types in ADRO systems

RF-based ADRO systems can extract valuable information by
intercepting signals between drones and ground controllers. This
information can be used to detect and identify drones based on their
communication protocols and MAC addresses. However, a significant
drawback of such systems is that they require prior knowledge of the
protocols and addresses which may not be available for custom-made
drones. The ADRO system can also extract features from intercepted RF
signals for detection and uses frequency or joint time-frequency signal
representation (TFSR) of I/Q data to prepare inputs for the classification
algorithm.

Unfortunately, ambient RF noise, multipath, and customized drones
that operate autonomously without a communication link between the
drone and the ground controller can make RF-based detection difficult.
Real-time monitoring of RF signals can also be challenging due to the
complexity of the RF domain. Moreover, it is worth pointing out that drone
RF communication can be categorized into three main groups: command
and control (uplink), telemetry and video (downlink), and guidance
communications. The first two groups use various frequencies, while
global navigation signals are used for guidance and navigation. In such a
complex environment, RF sensors must be agile, have high-speed
scanning performance, be susceptible, and have a high dynamic range
within the whole frequency range.

Section 2 of the paper categorizes and describes the literature to
provide a comprehensive overview of relevant studies. Section 3

767

Sazdi¢-Joti¢, B. et al, Review of RF-based drone classification: techniques, datasets, and challenges, pp.764-789



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 2

compares different classification techniques, and section 4 presents the
results of the comparative analysis of the most relevant papers. Finally,
section 5 provides the conclusion.

Review of literature and RF techniques categorization

Available studies introduced different -classification techniques
(approaches) based on the RF sensors. We created a new categorization
of these RF techniques for classification according to the following:

— The method of input data processing:

— classic engineering techniques require prior feature extraction
in combination with a decision threshold mechanism;

— advanced engineering techniques engage procedures for
classification purposes without prior feature extraction
(feature extraction is implemented in Al-based algorithms
together with the learning process); and

— hybrid engineering techniques present a combination of the
previous ones.

— The type of input data:

— techniques with classification algorithms that use the MAC
address information as input data;

— techniques with classification algorithms that use the protocol
information as input data;

— techniques with classification algorithms that use the features
of RF signals as input data; and

— techniques with classification algorithms that use the entire
received I/Q RF signal as input data.

It is important to note that both rules can categorize one technique,
specifically, a classic engineering approach that uses protocol information
as input. The categorization presented in this research paper is based on
the most significant research papers available in the literature over the past
five years.

A comprehensive literature dataset on counter-unmanned aircraft
systems (C-UAS) is available for review in (Sazdic-Jotic, 2024a). This
dataset offers information and insights into C-UAS technology,
applications, and trends. The framework for this literature review was
adopted from (Alzubaidi et al, 2021), starting from the identification,
screening, and selection stages, which included almost two hundred (199)
research papers in the last five years from publishers such as IEEE,
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Nature, Springer, ACM, Elsevier, and MDPI. All reviewed papers have
tackled the drone classification problem (detection and identification) using
RF sensors. Each paper was categorized as a nhovel approach,
survey/review, dataset description, or regulation/standard, with mandatory
remarks explaining specific ADRO procedures (e.g., jamming, spoofing,
direction finding).

RF techniques according to the method of input data
processing

In classical engineering techniques, extracting features from
intercepted RF signals is mandatory for data preparation and processing.
This step is crucial as only features extracted with a decision threshold
mechanism can be used for classification. However, the feature extraction
process can be complex and time-consuming, requiring profound
engineering skills and adaptation to the nature of the input data. Authors
(Lv & Wang, 2019) used standard deviation analysis, maximum slope
analysis, and accumulation in azimuth direction as statistical features for
drone detection and direction finding. They also employed principal
component analysis (PCA) and empirical mode decomposition (EMD)
based wavelet transform (WT) methods to cope with additive Gaussian
white noise. A similar approach was presented in (Ezuma et al, 2020)
involving fifteen (15) different statistical features of RF signals. On the
other hand, (Fu et al, 2018) presented the cyclostationarity signature of
the drone RF signal and the pseudo-Doppler principle for the classification
issue with a single-channel universal software radio peripheral (USRP)
receiver. Authors (Nguyen et al, 2018) described a passive drone
detection system (Matthan) based on two critical physical signatures of
drones: body shifting and vibration. However, the Matthan approach faces
a range of constraints, making it impractical for implementation. Another
unique way is the received signal strength indicator (RSSI) ratio that
engages various factors, such as propagation channels and fading effects,
and can help accurately determine the location of a drone.

Artificial intelligence (Al) algorithms, particularly deep learning (DL),
provide an alternative approach to the problem of drone classification.
Unlike classical engineering techniques, advanced engineering
techniques such as DL algorithms use the entire received 1/Q RF signal,
perform preprocessing steps, and send all data to the learning process
without prior feature extraction. This approach is more robust and scalable,
but a significant amount of input data is required for the training process,
which can sometimes be a disadvantage. Fully connected deep neural
networks (FC-DNN) and convolutional neural networks (CNN) are two
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prominent DL algorithms for drone classification in the publicly available
literature. In addition, transformer models - a distinctive DL algorithm with
an attention mechanism - are increasingly utilized to attain outstanding
outcomes. Authors (Al-Sa’d et al, 2019; Sazdié¢-Joti¢ et al, 2022) employed
FC-DNN for this purpose, while (Al-Emadi & Al-Senaid, 2020; Allahham et
al, 2020; Ozturk et al, 2020; Basak et al, 2021; Mokhtari et al, 2021, 2022;
Nguyen et al, 2021) used CNN. Authors (Basak et al, 2023) proposed a
unique deep residual network-based autoencoder framework for known
drone signal classification, novelty detection, and clustering (DE-FEND).
The quantitative comparison of the techniques that exploit RF sensors
according to the method of processing input data is presented in Figure 2.

2%

0,
Oclassic techniques 38%

Oadvanced techniques

Ohybrid techniques

60%

Figure 2 — Quantitative comparison of RF techniques according to the method of input
data processing

Notably, more than half (60%) of all research studies rely on
advanced techniques, while 38% use classic engineering techniques. The
reason behind the absence of classical engineering techniques in the
analysis is that only studies from the last five years were considered. This
time frame shows a significant increase in advanced techniques, now
preferred over classical methods. Hence, it is not unsurprising that there
is a lack of classical engineering techniques in the analysis. In the overall
research, advanced engineering techniques such as DL and machine
learning (ML) algorithms account for 47% and 13% of all research.
Compared to the results presented in (Sazdi¢-Joti¢ et al, 2023), this is a
growth of 9.3% for advanced techniques in favor of classic techniques.

Itis also worth mentioning that the authors (Abeywickrama et al, 2018;
Shi et al, 2018; Shorten et al, 2018; Basak & Scheers, 2019; Bisio et al,
2021; Bhattacherjee et al, 2022; Lofu et al, 2023) present classical and
advanced engineering technigques in combination with direction-finding
(DF) methods. The specific hardware and software implementation of the
RF-based DF of UAS is presented in (Abeywickrama et al, 2018) because
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the authors used a single-channel RF sensor and a four-element antenna
array in combination with a sparse denoising autoencoder deep neural
network (SDAE-DNN). However, it is essential to note that some authors
(Zhang et al, 2018; Ezuma et al, 2020; Swinney & Woods, 2021;
Medaiyese et al, 2022) use a hybrid engineering technique or a
combination of classical and advanced techniques. In (Zhang et al, 2018),
the authors used extracted features (the slope, kurtosis, and skewness) of
the drone RF signal as an input for an FC-DNN. Moreover, in (Medaiyese
et al, 2022), the authors performed feature extraction and used ML
algorithms (Logistic Regression). An interesting approach was presented
by (Ezuma et al, 2020), where the authors extracted fifteen statistical
features from the UAS RF signal and engaged them with five different ML
classifiers at various SNR levels.

While advanced techniques may offer a broader range of benefits
than classical techniques, they also have certain drawbacks that must be
considered. It is essential to thoroughly assess the advantages and
disadvantages of each approach before deciding which one to use in a
particular situation. Advanced engineering techniques often need help with
several challenges that can hinder their successful implementation. One
of the most significant obstacles is the requirement for unique training
scenarios, which means that engineers must develop customized training
models for each specific use case. Additionally, the availability of datasets
can be limited, making it challenging to train models effectively. Finally, the
transfer learning process can be complex, especially when applying
previously learned knowledge to new scenarios. These factors can make
it tricky to implement advanced engineering techniques successfully.
Moreover, a fusion of different sensor data is also a particular solution to
the drone classification problem. This approach involves fusing information
from multiple sensors, such as radar, cameras, RF, and acoustic sensors,
to create a more comprehensive view of the drone characteristics. This
method can provide a more reliable drone classification by analyzing the
drone shape, size, movement, and RF signals. It is a promising solution
gaining traction in the drone detection and defense industry.

RF techniques according to the type of input data

RF sensors receive an RF signal from a UAS for various purposes.
Four techniques exist for detecting and identifying drones based on the
input data type. The first technique uses classification algorithms to detect
and identify the MAC address of the transceiver device in a drone. In
contrast, the second technique employs classification algorithms to detect
and identify the communication protocol between drones and ground
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control devices. These techniques are the least represented in the
literature because they have significant limitations and shortcomings. Both
approaches use received and demodulated RF signals to obtain
information about the MAC address of the RF transceiver installed in the
drone and the type of communication protocol unique to certain types of
drones. The information obtained is used for the detection and
identification of drones. (Schiller et al, 2023) analyzed the security and
privacy of the DJI’'s tracking protocol (DronelD), presenting sixteen
vulnerabilities that can be adopted. In addition, there are more hardware
implementations of ADRO systems based on this technique. Authors
(Haluza & Cechak, 2016) performed device and protocol identification
through data format analysis. In (Sciancalepore et al, 2020), features such
as packet inter-arrival time and size were analyzed, while (Stoica et al,
2020) studied eight protocols to classify UAS. The technique with
classification algorithms based on protocol recognition is more efficient
than the previous one, proven by practical implementations of such ADRO
systems. (Oh et al, 2020) also proposed long-range (LoRa) modulation
exploiting wireless communication protocol for drone identification.

Furthermore, techniques with classification algorithms that use
features of RF signals as input data are more present in the literature.
Essential studies that exploited features have been mentioned because
this is a mandatory step for classical engineering technigues.
Nevertheless, an increasing number of research papers in the literature
deal with the entire intercepted I/Q RF signal. Faster hardware and
improved computing power have allowed it to exploit the full power of DL
algorithms created for a considerable amount of data. As a result, the
techniques with algorithms that classify the entire received 1/Q RF signal
as input data are becoming widely present solutions providing excellent
results. RF sensors are used to record the raw I/Q RF signal, and different
preprocessing steps are taken to prepare input data for the classifier.
Some authors (Al-Sa’d et al, 2019; Sazdi¢-Joti¢ et al, 2022) calculated the
magnitude or phase spectrum to obtain 1-D (vector) data with
corresponding labels, while others (Ozturk et al, 2020; Basak et al, 2021;
Nguyen et al, 2021; Mandal & Satija, 2023) used more complex TFSRs,
such as spectrograms or scalograms, to obtain 2-D (image)
representations of intercepted 1/Q RF signals with corresponding labels for
classification purposes. Figure 3 illustrates one 2-D TFSR obtained from
RF activities in the 2.4 GHz range.
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Figure 3 — Spectrogram of two RF drone signals

This TFSR is a spectrogram of the RF signal when two drones operate
simultaneously at 2.4 GHz. Two emissions are visually distinctive in Figure
3: the command and control (fixed frequency, FF) and telemetry and video
(frequency hopping, FH) emissions. Subsequent image processing
techniques based on morphological operations of the obtained
spectrograms can extract all emissions. Moreover, it is possible to
determine the technical parameters of the detected radio signals (the
number of the detected radio signals, the total width of the frequency
range, and the width of the frequency range of one channel). The technical
parameters estimation of the detected radio signals must be divided into
two branches, i.e., analysis of FH or FF emissions. This way, the channel
raster, the FH hop durations, and the time between two successive FH
hops can be estimated. In the case of the DJI Phantom IV Pro drone, one
FF and FH emission was detected with a total band of 75 MHz in the
spectral domain. This drone has the highest hop duration (6 ms) with a
simple FH emission comparable to a sweep frequency signal. In contrast,
the DJI Mavic 2 Zoom and Enterprise drones have three types of FH
emissions, which depend on operation modes (a drone is connecting to
the flight controller, a drone is hovering, a drone is flying, and a drone is
flying with recording) (Sazdic¢-Joti¢, 2024b).

Different DL models are used depending on the preparation method
of input data. In (Mokhtari et al, 2021; Sazdi¢-Joti¢ et al, 2022), the authors
used an FC-DNN and CNN for single drone classification (detection and
type identification) and multiple drone detection. Moreover, (Ozturk et al,
2020) examined CNN accuracy with SNR dependency, showing that
classification is feasible. The quantitative comparison of the techniques
that exploit RF sensors according to the type of input data is presented in
Figure 4.
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Figure 4 — Quantitative comparison of the RF techniques according to the type of input
data

It is important to note that the techniques that use features and raw
I/Q RF signals as input data are the most exploited, with 42.66% and
40.56%, respectively. The technigues that use MAC addresses (PHY) and
communication protocols (COMM) for drone classification are the least
concurrent in the reviewed literature. Compared to the results presented
in (Sazdi¢-Joti¢ et al, 2023), this is an increase of 10.8% for the I/Q RF
signal as input data. This fact is unsurprising due to the expansion of the
DL and ML research papers. More interesting is that more than 95% of all
papers that use the whole received I/Q RF signal as input data use
advanced engineering techniques.

Datasets and comparison of RF techniques

The main goal of this research was to review and categorize all
available RF-based drone classification research papers and datasets.
Extensive research was conducted to support and highlight the best RF-
based drone detection technique by performing a comprehensive
comparative analysis. The most relevant research papers were utilized,
and the comparison was made based on the dataset used and engineering
techniques. The publicly available studies verified on the DroneRF
dataset, and the VTI_DroneSET were presented and classified according
to our categorization and results from three experiments. This method was
intentionally employed to compare different approaches to detecting or
identifying the same number of classes.

It is worth noting that only a few publicly available datasets contain
drone RF signals. Only two datasets have the records of RF signhals from
industrial, scientific, and medical (ISM) radio bands, but only one has
multiple drones that operate simultaneously. Additionally, some authors
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(Ezuma et al, 2021) and (Vuorenmaa et al, 2020) used ground controllers
for classification, which can be valuable in various research. Furthermore,
RF receivers generate vast amounts of data during the recording process,
leading to massive datasets. It is essential to consider that such an amount
of information can be a disadvantage in certain situations due to the
requirement for excellent computers, storage, and GPUs - Table 1 lists
publicly available datasets containing RF signals from UAS.

Table 1 — The RF drone publicly available datasets

Reference No‘f"[}ggr '\é'ruo'tri]'Zf 24 GHz | 5.8 GHz [S(’;Ee]
(Allahham et al, 2019) 3 - + - 3.75
(Soltani et al, 2020) unknown - + - 4.5
(Vuorenmaa et al, 2020) 10 - + + 3,800
(Sazdic-Jotic et al, 2021) 3 + + + 3.35

(Ezuma et al, 2021) 17 - + - 124.13
(Medaiyese et al, 2023) unknown - + - 66.26
(Swinn%%;Noods, 7 ) + ) 65.76

It is worth mentioning that there are additionally publicly available RF
fingerprinting datasets (Al-Shawabka et al, 2020) and (Soltani et al, 2020)
that can be used for automatic modulation classification in ADRO systems.
Such datasets can be used to train the ADRO system to filter out non-
interesting RF signals (Wi-Fi, Bluetooth) and concentrate on drone RF
signal classification procedures.

Authors (Allahham et al, 2019) presented a DroneRF dataset
incorporating three drones, recorded in four operating modes in only one
ISM band (2.4 GHz). This dataset was used in over 60% of the reviewed
literature. The studies whose results were verified on the DroneRF dataset
are presented in Table 2.

The inscription "H" stands for hybrid and "A" for advanced engineering
techniques. The inscription "F" stands for features and "R" for raw 1/Q RF
signal. It is important to note that no classic engineering techniques are
employed on the DroneRF dataset. Moreover, for drone detection, there
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are several approaches with excellent results that are lower for drone
identification and flight mode identification.

Table 2 — Comparative analysis of publicly available studies verified on the DroneRF

dataset
. Drone Type Flight mode
ez Uehirze | [reciiliizg detection |identification [identification
(Al-Sa’d et al, 2019) A R 99.7 84.5 46.8
(Allahham et al,
2020) A R 100.0 94.6 87.4
(Al-Emadi & Al-
Senaid, 2020) A R 99.8 85.8 59.2
(Akter et al, 2020) A R - 92.5 -
(Swinney & Woods,
2020) A F 100.0 90.4 87.5
(Zhang, 2021) A R 100.0 98.7 79.2
(Kilig et al, 2022) A F 100.0 98.6 95.1
(Huynh-The et al,
2022) A R 99.9 98.6 95.3
(Donatus et al,
2023) A R 99.7 94.2 81.5
(Mohammed et al,
2023) A R 99.6 96.9 96.0

Similarly, (Sazdic-Jotic et al, 2021) introduced a dataset with three
drones recorded in four operating modes in two ISM bands (2.4 and 5.8
GHz). Moreover, this dataset contains records of multiple (two and three)
drones operating at the same time simultaneously.

Such data makes the VTl _DroneSET unique because there is no
such dataset in the available literature.

Three studies whose results were verified on the VTI_DroneSET are
presented in Table 3.
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Table 3 — Comparative analysis of publicly available studies verified on the
VTIl_DroneSET

Drone Type Multiple drone
Reference  [Technique [Features detection identification detection
2.4GHz [5.8GHz |2.4GHz |5.8GHz |2.4GHz [5.8GHz
(Sazdic-Jotic
et al, 2022) A R 98.6 99.8 96.1 95.7 96.2 97.3
(Mokhtari et ) ) ) )
al, 2021) A R E
(Mokhtari et _ _ _ -
al, 2022) A R 99.9
(Sazdic-Jotic
et al, 2023) A R 98.6 |100.0 | 98.8 95.7 99.0 99.2

It is worth mentioning that the VTI_DroneSET provides multiple drone
detection on real RF signals rather than simulated RF signals. It is
essential to note that authors (Sazdi¢-Joti¢ et al, 2022) engaged FC-DNN
while (Mokhtari et al, 2021), (Mokhtari et al, 2022) and (Sazdi¢-Joti¢,
2024b) investigated CNN and CNN with recurrent layers (CRNN),
respectively.

It is crucial to consider the input data and the corresponding
preprocessing steps for adequate results of comparative analysis. Authors
(Sazdi¢-Joti¢ et al, 2022) used power spectrum data obtained from raw 1/Q
radio signals for TFSR. Other authors engaged spectrograms as images
for input data and achieved better results because they kept more valuable
features for CNN/CRNN learning and testing. Moreover, through ablative
analysis, it is possible to establish which TFSR is the best for processing
raw 1/Q radio signals when CNN is engaged as a neural network. The
accuracy results of such an experiment are presented in (Sazdi¢-Joti¢,
2024b) and shown in Table 4. The ablative experiment was performed with
the AlexNet model introduced by (Krizhevsky et al, 2017) for the 2.4 GHz
frequency band.

The results shown in Table 4 show that TFSR choice is essential for
CNN accuracy. Moreover, the Short-Time Fourier Transform (STFT)
method outperformed the Continuous Wavelet Transform (CWT) and the
Wigner-Ville Decomposition (WVD) methods for all scenarios in the
presented ablative experiment.
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Table 4 — Comparative analysis of accuracy for different TFSRs in 2.4 GHz in ablative

experiments

the AlexNet / Drone Type Multiple
TFSR detection identification drone detection
STFT 97.3 96.6 99.1
CwWT 95.3 96.2 97.9
WVD 86.6 86.0 96.6

An additional ablative experiment compares CNN accuracy with the
radio signal segment length on which TFSR is performed. The accuracy
results of such an ablative experiment for drone detection are presented
in (Sazdi¢-Joti¢, 2024b) and shown in Table 5.

Table 5 — Comparative analysis of the accuracy for different lengths of input data in
ablative experiments

Segment length Segment duration (thzrz?eigztterzté%rél /
eemzEs] g 2.4 GHz frequency band)
100,000 0.67 97.3
200,000 1.34 100.0
700,000 4.69 100.0

This ablative experiment was performed within the AlexNet model, the
STFT method, with radio signals in the 2.4 GHz frequency band and with
three-segment lengths (100,000, 200,000, and 700,000 samples). It can
be observed that with the increase in the segment length of the drone radio
signal, the accuracy improves. Moreover, the detection accuracy is 100%
when a segment length is bigger than 200,000 samples.

Challenges in RF-based drone classification

Drone classification procedures encounter a complex challenge
regardless of the sensor type and input data. As discussed in the paper
(Aledhari et al, 2021), one solution, such as optoelectronic and radio
sensors, uses sensor fusion. However, sensor fusion is not widely utilized
in this application due to its complex implementation. Moreover, radio
sensors are often paired with diverse DL algorithms to navigate the
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complex and frequently unpredictable RF environment. Such a robust
combination enables the ADRO system to classify and identify drones
accurately, even in challenging conditions.

At (Ozturk et al, 2020; Medaiyese et al, 2022; Noh et al, 2022; Mohammed
et al, 2023), great emphasis is placed on signal preprocessing as a crucial
step in enhancing the accuracy and reliability of detecting and identifying
drones. By carefully processing and analyzing incoming signals, it is
possible to uncover hidden patterns and extract valuable information that
would have otherwise been missed. This meticulous approach enables
researchers to deliver superior results and stay ahead of the curve in the
fast-evolving field of drone technology with improved accuracy of DL
algorithms.

Finally, the multistage classification presented in (Medaiyese et al,
2022) is often employed to enhance the accuracy of the classification
process and minimize the inclusion of superfluous input data. Typically,
the initial stage entails detecting the drones and classifying the specific
drone types. The final stage of identifying drone behavior is generally not
required in practical applications.

Conclusion

This study provides a comprehensive analysis of the existing research
on drone classification in the radio frequency domain and explores the
potential of deep learning algorithms in addressing this issue. According
to the findings, the proposed algorithms exhibit promising results in
effectively resolving the problem of drone classification. However, further
research is necessary to evaluate their practical implementation and
testing in real-world antidrone systems. According to the findings in our
review, the most effective method for categorizing drones in the radio
frequency domain is through deep learning technigues. Nonetheless, it is
crucial to remember that most of the research in this area is still in the
experimental phase and needs to be implemented practically. One of the
significant challenges is the need for a general specification of a drone
classification system based on real-world requirements and experience
from combat engagement.

Future research should focus on merging multiple datasets or
evaluating classification techniques on different datasets to address this
issue. Additionally, it is crucial to investigate the new multimodal deep
learning algorithm that combines various features and raw 1/Q radio
signals for more accurate drone classification. Overall, this study
contributes to drone classification in the radio frequency domain and
highlights the need for further research.
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Resumen:

Introduccién/objetivo: Este articulo analiza la bibliografia disponible
publicamente sobre la clasificacion de drones en el dominio de la
radiofrecuencia, centrandose en la deteccion e identificacion. Los drones
se utilizan cada vez mas con fines ilegales, lo que hace que las técnicas de
clasificacién sean cruciales. Este articulo de revisién cubre sensores
pasivos de radiofrecuencia, técnicas de clasificacion y conjuntos de datos
que destacan los desafios.

Métodos: Los investigadores estan desarrollando soluciones anti drones
porgue los drones se han convertido en herramientas valiosas y objetivos
para actividades ilegales. Debido al alcance del tema, la revision incluyo
solo la clasificacion de drones mediante sensores pasivos de
radiofrecuencia con una descripcion de las técnicas de clasificacion
(conjunto de algoritmos, métodos y procedimientos) y los conjuntos de
datos utilizados para las pruebas de rendimiento. Este estudio introduce
una nueva categoria y ofrece informacion mas profunda sobre las técnicas
de clasificacion de drones disponibles publicamente.

Resultados: Con base en los resultados de este estudio, es evidente que
los algoritmos de aprendizaje profundo son actualmente el enfoque mas
eficaz para abordar el desafio de la clasificacion de drones dentro del
dominio de la radiofrecuencia. Uno de los principales obstaculos es la
ausencia de un estandar integral para clasificar los drones en el dominio
de la radiofrecuencia, que deberia basarse en los requisitos del usuario
final. Ademas, los resultados de dos experimentos ablativos destacan el
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preprocesamiento de sefiales de radio 1/Q sin procesar como un paso
esencial en la clasificacion de drones.

Conclusién: En resumen, la clasificacion propuesta proporciona una
herramienta valiosa para la revision de la bibliografias. El aprendizaje
profundo es la técnica mas eficaz para la clasificacién de drones, pero los
conjuntos de datos disponibles publicamente con sefiales de radio de
drones son limitados. La fortaleza clave de este estudio es que representa
la primera revisiéon de conjuntos de datos disponibles publicamente con
sefiales de radio de drones.

Palabras claves: aprendizaje profundo, drone, deteccion, clasificacién,
identificacién, radiofrecuencia.
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Bo6aH Cazgny-Motny?, KoppecnoHAeHT, VMeaH Nokpasu?,
NoeaH Bainvetny®, HeHad CtedpaHoBUY®

@ BOeHHO-TeXHNYeCKMn NHCTUTYT, I. benrpaga, Pecnybnuka Cepbus
6 000 «Khaoticen», r. Benrpaa, Pecny6nuka Cepbus

& Boopy»xeHHble cunbl Pecnybnvkm Cepbus, LeHTP NpUKNagHon MaTeMaTuki U
anekTpoHukn, r. benrpaa, Pecny6nuka Cepbus

PYBPUKA MPHTW: 28.23.37 HewpoHHble ceTn (VICKYCCTBEHHDBIN MHTEMMEKT)
BWO CTATbW: 0630pHas ctaTtes

Pesome:

BeedeHue/uenb: 3a nocnedHee Oecamunemue  MHO20KpPamHO
803pOC/I0 UcroIb308aHue 6ecnuiomHbIX fiemamesibHbIX arnapamos
unu OPOHO8 Kak 8 KOMMepYeCcKUX (2paxkGaHCKUX umnu nobumernbcKux),
mak U 8 (byHKUUOHaIbHbIX (80EHHbIX UMU MPOMBbIWIEHHbIX) uensx. B
€es3u ¢ amum 8 GaHHOU cmambe npedcmassieH 8CeCmopPOoHHUU 0630p
obwedocmyrnHolU u akmyasnbHOU numepamypbi 0 Knaccugukayuu
(obHapyxeHuro u udeHmucgpukayuu) OpoHO8 U Ux paduovyacmomHO20
cnnekmpa. Ocoboe e6HUMaHue yOesieHO arnesopummam 2ry60Ko20
0byyeHus u pesyribmamam, rnosly4eHHbIM u3 obu,edocmyrnHo2o Habopa
OarHbix VTI_DroneSET.

Memodbl: Bbnazodapsi 3HadumersnibHOMY rpozpeccy OpPOHbl cmarnu
M0MI€3HbIM UHCMPYMEHMOM 8 OCYWecmesieHuU pasnuyHbix uesned.
HononHumenbHbIM npeuMywecmeom s81s1emcsi mo, 4mo OHU cmarnu
Oeweerie u docmyrnHee, gcriedcmeue 4eao ygesnuyusnacb 0rnacHoCMmb
Om UCronb308aHUss OpOHO8 8 [POMUBO3aKOHHOU OesimesibHOCMU.
Takoe paszsumue cobbimuli 8bI38asI0 [10BbILIEHHOE B08MeYeHUe
uccnedosamenel e pa3pabomky peweHuli no 6oprbe ¢ dpoHamu. C
y4yemom 6oribuwio2o obrema obuwedocmyriHbix uccriedogaHuli 8 aHHOU
Cmambe paccMampueaemcsi  UCKIKYumesnsHO  8ud  OpOHOS,
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cobuparowux OaHHbIU C MOMOWBIO MAacCUBHbIX pPaduoyacmomHbIX
damyukoe C ornucaHueM  UCrosib3yeMbix Memodos (Habopa
aneopummos, Memodos U npouedyp) u Habopoe OaHHbIX,
ucrnonb3yembiX 8 UcrnbimaHusx aghgpekmusHocmu. [ns rnoHumaHus
npobnemsi Knaccugukayuu OpoHO8 bbil MpoeedeH KOu4eCcmeeHHbIU
U Ka4yeCcmeeHHbIlU aHanusbl MemodaMu MmexHUYeCKo20 aHanu3a Uu
obpabomku paduocuzHanos. KonuyecmeeHHble rokazamesnu ¢
epaghuyeckum usobpaxkeHUeM UCoMb308anuch 8 cucmeMamusayuu
cobpaHHbIX cmamel, 8 Mo 8peMs Kak Onsi oripedesieHUss 803MOXHOCMU
Knaccugukayuu  OpoHo8 o  paduo4acmomHoMy  OuarnasoHy
ucrnosnb308auchk aneopummesl eriybokozo oby4yeHus. lNomumo amoeo, 8
OaHHOU cmambe rpedcmassieHbl  8bI308bl U  OgpaHUYeHusi
Knaccugukayuu OpoOHO8 Ha OCHOBaHUU paduoCcugHasos.

Pesynbmamesi: Pesynbmambsl 0aHHO20 uccriedoeaHuss GoKa3biearom,
umo aneopummsbl erlyboko20 06yyYeHus 8 Hacmosiwee 8pems
senstomcsi  Haubonee a¢bghekmusHbIM  100X000M K  peweHur
npobrniems! Knaccugukayuu poHo8 o paduoyacmomHoMy duanasoHy.
O0OHako cnedyem ommemumsbs, 4mMoO 607bWUHCMEBO CO8PEMEHHbIX
uccnedosaHuli umerom aKcrepumMeHmarnbHbI Xapakmep,
criedogameribHO, OHU Oe2paHUYeHbl 8 MPaKmMu4YeckoM pUMEHEeHUU.
asHol npobnemol siensgemcsi omcymemeue obwel crnieyugukayuu
8 Knaccugukayuu OpoHO8 o paduodacmomHomMy Ouarna3oHy,
OCHOBaHHOU Ha mpebosaHUsIX, UCXOOSWUX U3 eXXeOHEe8HOU rpakmuKu.

Bbigodbi:  Bknad  daHHoeo — uccriedoeaHusi  3aKnwdaemcsi 8
cucmemamu3ayuu  8cex  O0oCmyrnHbIx  pabom,  MOCBAUEHHbIX
Knaccugpukayuu OpoHoe no paduodyacmomHomMmy Ouarnal3oHy, U
npedcmasnieHuU HEKOMOopPbIX 803MOXXHOCMeU as2opummos a2/1y6oko20
0byy4eHusi. MoxHo cOenamp 8b1800, YMO NPeOoXeHHbIe anzopummbl
mMo2ym 6bimb UCMO/Ib308aHbl 8 peweHuUU 3mou npobrems:, a 8
bnuxatiwem 6ydywem MOXHO bOydem ucrnbimamb Ha MNPakmMuke 8
pearbHbIX CUeHapusix aHmudOpOH cucmemMy 3auumel om 6ecrnunomHbIX
JilemameribHbIX arnapamos.

Knoyesbie crioga: enybokoe obydyeHue, OpoOHbI, OBHapyxeHue,
Knaccugbukayus, udeHmucgpukayusi, paduoyacmomeil.

Mpernea knacudukaumje opoHOBa Y paano-PpPeKBEHLNjCKOM JOMEHY:
TEXHUKEe, CKYMNOBU NofaTaka u n3a3oBu

bobaH Casguh-JoTuh3, ayTop 3a npenucky, MeaH MNMokpajau?,
Joear Bajuetuh®, Henad CtedaHosuh®

2 BojHOTEXHWYKM MHCTUTYT, Beorpaga, Penybnvka Cpbuja
6 Khaoticen, Georpaa, Peny6nuka Cp6uja

B Bojcka Cpbuje, LieHTap 3a npymereHy MaTeMaTuKy 1 efeKTPOHNKY,
Beorpan, Penybnuka Cpbuja
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OBJIACT: padyHapcke Hayke, TeENeKOMyHUKaLuje
KATEIOPWJA (TWUM) YIAHKA: nperneaHu pag

Caxemak:

Yeod/uurs: Kopuwherme 6ecriurilomHux easdyxorisioea — OpPOHO8a,
mokom rocnedmwe OeueHuje MHO20Cmpyko ce yeseharno, kako 3a
KoMepuujanHe (yususnHe unu amamepcke), mako U 3a ¢hyHKUUOHarHe
(eojHe unu uHOycmpujcke) nompebe. Y ogom ucmpaxueadykom pady
npedcmassbeH je ceeobyxeamaH nipeaned jagHo docmyrnHe U
akmyesnHe  fumepamype 0  Knacugukauyuju — (Gemekyuja U
udeHmucpukayuja) 0OpoHosa y paduo-hpPeKeEeHUUJCKOM OOMEHY.
lMocebaH acnekm npedcmassbajy anzopummu 3a OyO6OKO y4yew-e U
pesynmamu Koju cy 0obujeHu ca jagHO docmyrnHUM CKyrom (6a3om)
nodamaka VT| _DroneSET.

Memode: 3axearbyjyhu 3HayYajHum yHanpehemuma OpOHO8U CYy
rnocmanu KopucHa cpedcmea 3a pasnudume HameHe. [JodamHa
rnoeoOHocm jecme wmo cy jehmuHuju U npucmynadHuju 3a
Kopuwhere, wmo npedcmassba ornacHocm 00 Huxose 3710ynompebe.
Cmoea je noja4yaHo aHzaxoeare ucmpaxusadya Ha pa3eojy aHmuoOpoH
pewera. 3602 obuma jagHO OocmyrnHUX ucmpaxueara, ogeaj pad je
o0byxeamuo camo Kracughukayujy OpoHoea rymeM nacusHuUx paduo-
bpeKkseHUUJCKUX CeH3opa ca OnucoM KopuwheHux mexHuka (ckyn
aneopumama, memoda u npouedypa) u ckyrnogsa nodamaka Koju ce
Kopucme 3a mecmupare nepgpopmaHcu. Padu pasymesama
npobrnema Knacugukayuje OpoHO8a U3BPUWIEHa je KeaHMumMamueHa u
KeanumamueHa aHanusa ca MemodaMa mexHu4Kke aHanuse u obpade
paduo-cueHana. KeaHmumamueHu rnoka3amesbu ca epahuydkum
unycmpauyujama KopuwheHu cy 3a cucmemamu3auujy npuKyrnbeHuUx
padoea, 00K cy 3a ymephugare MmoayhHocmu knacugukayuje poHosa
y paduo-ghpekseHyujckom AomeHy kopuwheHu aneopummu Oybokoe
yyerma. Lllmasuwe, npedcmasrbeHU Cy U3a308U U O2paHU4Yer-a
Knacucgpukauyuje OpoHoea Ha OCHO8Y paduo-cueHarna.

Pesynmamu: [lokasaHo je 0Oa cy anezopummu OQybokoz y4yera
mpeHymHo Hajborbe pewere 3a peulagare numara Knacugukayuje
OpoHosa y paduo-gppekseHyujckomM JdomeHy. MehymumMm, eehuHa
caspeMeHuUx ucmpaxuearba je ekcriepuMeHmarsHa u uMma o2paHu4yeHy
npakmuyHy umrnnemedmauujy. [locebaH npobnem npedcmassrba
Hedocmamak onuwime creyugukayuje 3a knacugpukauyujy dpoHosa y
paduo-ppekseHyujckom doMeHy Ha OCHO8Y 3axmesa U3 C8aKOOHEe8HOo2
uckycmea.

Sakmbyyak: [ornpuHoc 0802 ucmpaxueama je y cucmemamu3ayuju
ceux docmyrHux padosa Koju ce baee knacugukayujom OpoHosa y
paduo-gppekseHyujckom OOMeHY, Kao U y nNpukasy Hekux moa2yhHocmu
aneopumama Aybokoe ydera. Moxe ce 3akrby4yumu 0a ce npedrnoxeHu
anzopummu Mogy uckopucmumu 3a HasedeHy rpumeHy, me 0a je y
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HapedHoOM rnepuody mozyhe mecmupamu npakmu4He
umrnieMeHmauyuje, Kao U epwumu mecmupare Yy peasHum
cueHapujuma yrompebe aHmMudpPoH cucmema.

KbyuHne pedu: Ayboko y4qerse, OpOH, Oemekuyuja, Krnacugukauyuja,
udeHmucpukauyuja, paduo-ghpekeeHuyuja.
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Abstract:

Introduction/purpose: Direct sequence spread spectrum modulation is
widely used in many radiocommunications systems. At the first time, this
modulation technique was used in military communications and navigation
systems. Later, applications became diverse in civil communication
systems as well. Today, there are many systems where direct sequence
spread spectrum modulation is implemented as a part of the system. This
article aims to sublimate knowledge about the direct sequence spread
spectrum modulation technique and its applications.

Methods: The article presents a review of the historical development of
the direct sequence spread spectrum modulation technique, its
principles and the most important current applications.

Results: Based on a large number of references, this article summarizes
the historical development, basic principles and modern applications of the
direct sequence spread spectrum modulation in military and commercial
communication systems.
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Conclusion: Direct sequence spread spectrum modulation is widely used in
modern wireless and satellite radiocommunications. It is expected to be part
of future global communication systems.

Key words: radiocommunications, military communications, cellular
mobile systems, spread spectrum, direct sequence, global positioning
system, underwater acoustic communications, unmanned aerial
vehicles, wireless fidelity, ZigBee.

Introduction

Spread Spectrum (SS) modulation has been developed in the middle
of the 20™ century. In the beginning, this modulation was developed for
military purposes. Today, there are many reasons for commercial
applications of SS modulation, such as: anti-jamming capability,
interference rejection, low probability of intercept, multiple access
capability, improved multipath and diversity reception, high resolution
ranging, and accurate universal timing (Fazel & Kaiser, 2003). Also, these
systems cause relatively minor interference with other systems operating
in the same frequency band (Torrieri, 2015). There are also promising
possibilities for its implementation in future global communication systems
(Todorovi¢ et al, 2024).

In radiocommunication systems with SS modulation, the transmitted
signal requires a much wider frequency bandwidth than the minimum
bandwidth needed to transmit information in classical communication
systems. The pseudonoise (PN) sequence is used for signal spreading at
the transmitter and signal despreading at the receiver. The PN sequence,
or code sequence as it is also called in SS, is independent of the data
signal.

The two most commonly used SS modulations are: Direct Sequence
Spread Spectrum (DS-SS) and Frequency Hopping Spread Spectrum
(FH-SS) (Torrieri, 2015).

In the transmitter, a data signal arriving at the input of the transmitter
is multiplied by the PN sequence generated locally. The PN sequence
must have a much higher rate than the data signal. In this way, the data
signal is spread. At the receiver, the incoming spread signal is multiplied
by the same locally generated PN sequence which is synchronized with
the PN sequence contained in the incoming signal. In that way, the
spectrum of the transmitting signal is despread. In other words, the
removal of the PN sequence at the receiver results in spectrum
despreading and it is exploited by appropriate filtering to remove a large
portion of the interference.
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This paper presents: (1) the history of the DS-SS modulation
technique and its application to radiocommunication systems, (2) the
operating principles of the DS-SS modulation technique, and (3) an
overview of modern systems, both military and commercial, using the DS-
SS modulation technique. At the end of this paper, some conclusions are
given.

History of DS-SS modulation technique

The first system which looks like today's DS-SS modulation appeared
in 1935. Two Telefunken engineers, Paul Kotowski and Kurt Dannehl,
made a device for masking voice signals. The voice was masked by
combining it with a broadband noise signal produced by a rotating
generator. The U.S. version of this patent (Kotowski & Dannehl, 1940),
which was published in 1940, was considered as the forerunner of the DS-
SS modulation technique. Kotowski and Dannehl had an idea to create a
device that used key-stream generators for discrete data encryption. This
patent did not mention the spreading spectrum, although there were some
concepts of DS-SS modulation. These principles were implemented in
radio devices in Very High Frequency (VHF) and Ultra High Frequency
(UHF) bands during World War Il (Scholtz, 1982).

The occurrence of DS-SS modulation is connected with the
occurrence of Shannon's theory of information (Shannon, 1948). The idea
was how to suppress interference and jamming signals (Scholtz, 1994).

In August 1954, a transcontinental system project called FOC (Green,
1954) commenced. The transmitter was located in Davis, California, and
the receiver in Deal, New York, and based on DS-SS modulation. The
system operated in a High Frequency (HF) band. A further test of the FOC
system was performed in February 1955. The improvement of the system
was tested in situations with and without jammers. In December 1956, the
manuals for the new advanced FOC system named F9C-A were published.
It was planned to make 16 pairs of transmitters and receivers and put them
in final testing, but because of the limited funds of the project, only six were
produced. The devices were installed in a couple of places around the
world, and the testing lasted until 1959. The last version of this system was
FI9C-A/Rake. It had the additional implementation of a rake receiver, as a
solution for ionospheric multipath propagations. The F9C-A/Rake was
tested until 1962, between Hawaii and Tokyo. That system is no longer on-
site, operational and supported by the United States Army (Scholtz, 1982).

The COded DOppler, RAnging, and Command (CODORAC) system
was developed by Eberhardt Rechtin, Richard Jaffe, and Walt Victor
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(Scholtz, 1982). In 1952, the Jet Propulsion Laboratory (JPL) of the
California Institute of Technology was attempting to construct a radio
command link for remote control of rocket systems. In 1953, DS-SS
modulation began to be used in this project. In the period from 1954 to
1958, the radio guidance system for the Sergeant and Jupiter space
programs (Mudgway, 2001) was developed from that project. In October
1958, the National Aeronautics and Space Administration (NASA) was
officially established to consolidate the separately developing space-
exploration programs of the United States Army, United States Navy, and
United States Air Force into one civilian organization. That was the
beginning of the deep space network (Scholtz, 1982).

In the NASA Apollo program, which lasted from 1969 to 1974, it was
necessary to determine the precise position of the spacecraft during the
journey to the Moon. Due to a great distance, frequently used pulse radars
were not good enough due to excessive attenuation. To overcome that
problem, a PN sequence was generated using a linear shift register with a
length of up to 127 chips (the symbol of the data signal is called a bit, while
a symbol of the PN sequence is called a chip). This method of signal
transmission was chosen because it was easy to extract a significantly
attenuated signal from the noise on the receiver, which is a very useful
feature of the DS-SS modulation technique. The basic principles applied
in this system are applied today in satellte communications, more
precisely in the Global Positioning System (GPS) (Shirriff, 2022).

For the communication between fighter planes, the ARC-50 project
was launched in 1953. The researchers who were on the CODORAC
project proposed the use of DS-SS modulation for that communication.
Before that time, the tactic of aero units was to keep planes in radio silence
when they were in the range of radars or radio eavesdroppers. Then it was
realized that upon entering the radar range, it was not necessary for
aircraft to be in radio silence and therefore it was important to avoid
possible radio signal interference, where the good characteristics of DS-
SS modulation could be expressed. This system initially used PN
sequences generated by linear shift registers with 31 registers. Later, Bob
Gold proposed a way to generate PN sequences with very good cross-
correlation characteristics, which was finally implemented (Scholtz, 1982).

The Joint Tactical Information Distribution System (JTIDS) was
founded in 1973. It was created by the Department of Defence of the
United States as a joint program office with the Air Force as an executive
agent. In the beginning, their work on communication systems for military
purposes was based on DS-SS modulation. Later, they also often used
FH-SS in their radiocommunication solutions. The JTIDS solutions are
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also used by allies of the United States. Frequency Shift Keying (FSK) and
Phase Shift Keying (PSK) are used both in their network radio systems
and in a combination with SS to reduce susceptibility to noise, jamming,
and interception. Their equipment is highly survivable radio and meets the
most stringent requirements of modern combat, providing reliable
situational awareness for fast-moving forces. Great performances were
shown during the Desert Storm operation. Even today, JTIDS solutions are
implemented in the radio infrastructure of the North Atlantic Treaty
Organization (NATO) (DTIC, 1988).

A project called SECRAL, which was realized during the 1950s, was
based on DS-SS modulation and was intended for missile guidance. This
project was terminated as a failure. This is only one of the known
examples, and there were certainly others that were unsuccessful, but that
information never reached the general public (Scholtz, 1982).

Major advances in the field of SS systems were made during the
1950s, 1960s and 1970s. Almost all researchers from that period were
shrouded in secrecy because these systems were exclusively for military
purposes. Some of these systemic solutions were later fully disclosed to
the general public, while some never were (Malik, 2001).

Operating principles of the DS-SS modulation
technique

The DS-SS modulation technique has great resistance to interference
and multipath propagation. Also, it can operate in the environment of low
Signal to Noise plus Interference Ratio (SNIR). Using the orthogonal code,
sequences can create a system with multiple access, named Code
Division Multiple Access (CDMA) in which all channels operate on the
same frequency bandwidth simultaneously (Todorovi¢, 2021).

Figure 1 shows a block diagram of the DS-SS transmitter. The
spectrum is spread by the direct multiplication of the data signal, um(t), and
the PN sequence, c(t), generated in the PN generator. The data signal in
this case is assumed to be polar. The product of multiplication of the data
signal and the PN sequence is labeled as uc(t), and that signal is further
fed to the classic modulator. In the classic modulator, some of the classic
digital modulation techniques are applied. PSK modulation techniques are
most often used in applied systems. After the classic modulation, a DS-SS
signal is obtained, and it is denoted with ups(t) (Todorovi¢, 2021).

Since the interval of the PN sequence chip is much shorter than the
interval of the data bit, the chip rate defines the transmitting bandwidth.
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Hence, the transmitted signal needs a much wider bandwidth than it would
be necessary when only classical modulation is used.

Figure 2 shows the waveforms of the signals during the processing in
the transmitter. In the example, Binary PSK (BPSK) modulation is applied.

Un(t) Ue(t) Classic Uos(t)
—
Modulator
c(t) T
PN Uo(t)
Generator

Figure 1 — Block diagram of the direct sequence spread spectrum transmitter

The processing gain or spreading ratio is an important system
parameter in DS-SS systems. The processing gain is defined as:

T

PG=-t,
TC

(1)

where T. is the PN sequence chip interval and the Ty is the data bit interval.
It can be calculated also as:

B
PG = —B5-S8 1 ()
Bclass
where Beisss IS the frequency bandwidth necessary for signal transmission
used only with the classic modulation technique and the Bps.ss is the
frequency bandwidth necessary for signal transmission in SS. The

processing gain is more often expressed in dB as follows:
PGy =10log(PG). (3)

The processing gain determines the level of interference protection.
In modern devices, the processing gain value varies between 20 and 60
dB (Todorovi¢, 2021).
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Figure 2 — Signals waveforms in the direct sequence spread spectrum transmitter

The block diagram of the DS-SS receiver is shown in Figure 3. At the
receiver, the received spread spectrum signal is despread by the
multiplication of signals ups(t) and c(t). The locally generated PN sequence
has to be synchronized with the PN sequence contained in the received
signal. If the two PN sequences are synchronized, the original data signal
after correlation can be recovered. The aim of a bandpass (BP) filter is to
remove the undesirable frequency components. Finally, classic
demodulation is applied (Todorovi¢, 2021).

Figure 4 presents the power spectral densities of the DS-SS data
signal and interference before and after signal despreading at the receiver.
In Figure 4 (a), the data signal is spread and its power spectral density is
below the power spectral density of the narrowband interference. In the
receiver, the data signal is despread by multiplying with the locally
generated and synchronized PN sequence. In addition to the data signal,
interference is also multiplied by the same PN sequence, thereby
spreading the interference signal. The result is shown in Figure 4 (b). The
data signal is despead to the bandwidth before spreading, while the
interference is spread and its impact on the data signal is significantly
reduced.
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Figure 3 — Block diagram of the direct sequence spread spectrum receiver
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— — —Noise

@ (b)

Figure 4 — Data signal and interference in the frequency domain at the receiver: (a)
before and (b) after spectrum despreading

Modern applications

DS-SS modulation has been implemented in many modern
radiocommunication systems. In the text which follows, eight applications
of DS-SS modulation in commercial and military radiocommunication
systems are described.

Interim standard 95

The Interim Standard 95 (I1S-95) is the first commercial cellular
radiocommunication system based on the DS-SS modulation technique
and Frequency Division Duplex (FDD). This system was developed and
implemented in the United States just after the introduction of the Global
System for Mobile Telecommunications (GSM) in Europe (Fazel & Kaiser,
2003). It is also known as CDMAOne.

The 1S-95 operates in two frequency bandwidths. The first frequency
bandwidth is from 824-849 MHz for uplink and from 869-894 MHz for
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downlink. The second uses a frequency bandwidth from 1850-1910 MHz
for uplink and from 1930-1990 MHz for downlink (Fazel & Kaiser, 2003).

The channel bandwidth is 1.25 MHz. Without guard bands, the
channel bandwidth is 1.23 MHz. The processing gain of the system is 19.3
dB. The modulation scheme for the downlink is coherent Quadrature
Phase Shift Keying (QPSK). The convolutional code is used for error
protection with a code rate of 1/2 and nine memory elements. In the uplink,
noncoherence Offset QPSK (OQPSK) is used. For error protection, the
convolutional code with a code rate of 1/3 and nine memory elements is
used after which the Walsh-Hadamard (6, 64) code is implemented.
Spectrum is spreading using the short and long codes. For the short code,
the Walsh-Hadamard orthogonal code is used and for the long code, the
PN code is used. Timeshift offset of the same PN sequence is used. The
maximal throughput is 14.4 kbit/s for data and 9.6 kbit/s for voice. The
system chip rate is 1.2288 Mchip/s (Fazel & Kaiser, 2003), (Garg, 2007).

CDMA2000

The CDMA2000 was created as the evolution of the CDMAOne
(1S-95) standard. It represents the family of third Generations (3G) of
mobile communications. The common feature of these two technologies is
that they are based on the same type of short (Walsh-Hadamard
orthogonal code) and long (PN code) codes for spreading. The same
channel width of 1.25 MHz and the same chip rate of 1.2288 Mchip/s are
used to enable backward compatibility with CDMAOne systems. Some
transmission modes in CDMA2000 use the same chip rate and carrier
spacing as CDMAOne, but different spreading factors and channel coding
schemes. In contrast to CDMAOne, the Walsh codes are not fixed but of
variable length to offer a variety of data rates (Schullze & Luders, 2005).

Some modifications have been introduced to offer more flexibility with
the data rate and the chip rate. In the uplink, the CDMA2000 uses the DS-
SS modulation technique. The chip rate is a multiple of 1.2288 Mchip/s.
That multiple factor can be 3, 6, 9 or 12. Also, the channel width is a
multiple of 1.25 MHz. The QPSK modulation scheme and fast closed loop
power control are used here. For the downlink, a multicarrier concept has
been defined. The number of carriers is also a multiple that can have
values of 3, 6, 9 or 12. The width of each subchannel is 1.25 MHz and the
chip rate is 1.2288 Mchip/s for each subcarrier (Schullze & Liders, 2005;
Garg, 2007).
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Wideband CDMA

The wideband CDMA (WCDMA) is the heart of 3G Universal Mobile
Telecommunication Systems (UMTS). This system is very similar to the
CDMA2000 and it is implemented in Europe and Japan (Prasad &
Ojanpera, 1998).

Compared to GSM, the improvement refers to higher data rates
transmission as well as the ability to send better quality multimedia content
and to enable video calls. Transmission rates reach up to 2 Mbit/s.
Frequency bandwidths are defined for the uplink and downlink: for uplink
from 1920 to 1980 MHz, and downlink from 2110 to 2170 MHz. The DS-
SS modulation technique is used in both links. Possible channel
bandwidths are 1.25 MHz, 5 MHz, 10 MHz and 20 MHz, depending on the
transmission rate and the number of users at the moment (Garg, 2007).

Three-structured orthogonal variable spreading factor codes as short
codes and PN codes as long codes are used for spectrum spreading. For
user separation, contrary to CDMA2000, different PN sequences are used
instead of time shifts of the same PN sequence. The chip rate of the
system is 3.84 Mchip/s (Prasad & Ojanpera, 1998).

A coherent QPSK modulation scheme is used for both the downlink
and uplink. Several types of correction codes are used to control errors.
While transmitting voice, convolutional codes with a code ratio of 1/3 and
nine memory elements are used. A combination of the concatenated Reed
Solomon code and the convolutional code is used for data transmission.
For a high rate of data transmissions and services that require high quality,
convolutional turbo codes are used (Fazel & Kaiser, 2003).

Global positioning system

The Global Positioning System (GPS) is the first satellite navigation
system. The GPS program started in the early 1970s and was put into
operation status in 1995. This system nominally has 24 satellites in the
Medium-altitude Earth Orbit (MEO), (Hegarty, 2017).

The GPS consists of three segments: (1) satellite constellation, (2)
ground-control/monitoring network, and (3) user receiving equipment
(Kaplan & Hegarty, 2006). The GPS was developed for military purposes
by the Department of Defense of the United States. Later, it was opened
to civil applications. The GPS offers two types of services: (1) Precise
Positioning Service (PPS) and (2) Standard Positioning Service (SPS)
which is less accurate than the PPS. The positioning is based on
trilateration. A GPS device measures the propagation delay of the signal
received from the three satellites. As the positions of the satellites are
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known, the position of the GPS terrestrial device is obtained as the
intersection of the three spheres. If more than three satellites are used
during the determining of the position, a more precise position is obtained
(Schullze & Luders, 2005).

The GPS uses two frequency bandwidths. The first frequency
bandwidth is labeled as L1 and its carrier frequency is 1575.42 MHz. The
other frequency bandwidth is labeled as L2 with a carrier frequency of
1227.6 MHz. The SPS uses only the first carrier, while the PPS requires
both carriers. The modulation scheme that is used in the GPS is BPSK.
The system processing gain is around 60 dB.

Two types of codes are used for the signal spreading. The first is
Coarse/Acquisition or Clear/Access codes (C/A code) whose chip rate is
1.023 Mchip/s. The second is Precision or Protected code (P code) with a
chip rate of 10.23 Mchip/s.

The C/A codes are Gold sequences generated in two 10-stage shift
registers. These codes are used only with the first frequency carrier for
SPS. These codes also divide the users who consume this service at the
same time in nearby locations. The P code is used on both frequency
bandwidths mainly for military applications. The determination of the user
position with this code is more precise than with C/A codes (Schullze &
Liders, 2005).

The accuracy of the determined position became higher during the
time and after the enhancements and modernizations of the system. The
specified accuracy of the SPS is 13 m in 95% of cases for horizontal
positioning and 22 m in 95% of cases for vertical positioning. These
specification data are valid in an ideal environment. The performance of
the system is typically better than the specification. Errors can be greater
than specification due to atmosphere processes, multipath propagation
and different user equipment. The PPS gives much better results than the
SPS. In 95% of cases, the position precision is 1-2 m for both horizontal
and vertical positioning. Advanced user equipment and modern positioning
techniques can achieve accuracies better than 1 cm.

GPS transceivers are embedded in everyday devices such as
smartphones. The performance of some smartphones' GPS and some
sophisticated GPS devices were compared. Sophisticated GPS devices
give better results than GPSs on smartphones, but the performance of
smartphones is accurate enough for everyday life for fast positioning
requirements (Zandbergen & Barbeau, 2011).
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Wireless Fidelity

Wireless Local Area Network (WLAN) is a network type that is
developed based on the IEEE 802.11 standard. This technology is also
known as Wireless Fidelity (Wi-Fi). WLAN connects a small group of
devices on short distances via the wireless access point. During the
evolution of the IEEE 802.11 standard, several types of that standard were
created (Schullze & Liders, 2005). In the early beginning of
Wi-Fi, DS-SS and FH-SS were planned to be used for transmission, but
only products using DS-SS modulation have been established on the
market. Today, there are several releases of IEEE 802.11 standards such
as: |IEEE 802.11a, IEEE 802.11b, IEEE 802.11g, IEEE 802.11n, IEEE
802.11ac, etc. (IEEE802.11, 2024).

The DS-SS modulation technique is implemented in the IEEE 802.11b
and IEEE 802.11g standards. IEEE 802.11b was released in 1999. The
system operates on a frequency of 2.4 GHz with a channel bandwidth of
22 MHz. Transmission data rates are going from 1 to 11 Mbit/s. The
maximum ranges from the access point are from 35 m in the indoor
environment to 140 m in the outdoor environment (Abdelrahman et al,
2015).

The available frequency bandwidth of 2.4 GHz has actually 83.5 MHz
and it is from 2.4 GHz to 2.4835 GHz. In the United States in this
bandwidth, there are thirteen channels, and in Europe, there are fourteen
channels. According to the bandwidth of one channel, in order to avoid
inter-channel interference, it is recommended to use three non-
overlapping channels at the same time: in the United States, the first, sixth
and eleventh channel, and in Europe the first, seventh and thirteen
channel (Al Agha et al, 2016). In Figure 5, channel allocations are
illustrated with the markation of non-overlapped channels in the United
States. IEEE 802.11b is the longest, well-supported, stable, and cost-
effective technique, but security is the main disadvantage. It has a limited
number of access points. Sometimes the IEEE 802.11b devices are
affected by interference from other products that operate in the 2.4 GHz
bandwidth (Garg, 2007). Devices operating in the 2.4 GHz frequency are
microwave ovens, bluetooth devices, baby monitors and cordless
telephones.

Four years later, in 2003, IEEE 802.11g was released. In this release,
the transmission data rates are significantly higher relative to IEEE
802.11b and it can be from 6 Mbit/s to 54 Mbit/s. This system also operates
on a 2.4 GHz frequency range and has a narrower bandwidth of 20 MHz.
The maximum ranges from the access point are from 38 m in the indoor
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environment to 140 m in the outdoor environment (Abdelrahman et al,
2015). It is compatible with the IEEE 802.11b standard.

Channels

22 MHz- 2.483 GHz

>

2.402 GHz }4

Figure 5 — Channel allocation of the IEEE 802.11b standard

Wi-Fi found a place in many applications like Internet distribution,
Voice over Internet Protocol (VolP) phone access, gaming and connecting
consumer electronics devices. It is used as a radio interface for the sensor
devices in the Internet of Things (l0T), especially in smart home solutions
(Guo et al, 2012).

The latest IEEE 802.11 standards use Orthogonal Frequency Division
Multiplexing (OFDM) instead of DS-SS modulation.

ZigBee

ZigBee is a set of specifications for Wireless Personal Area
Networking (WPAN) or short-distance wireless networks. ZigBee is an
often used standard in Wireless Sensor Networks (WSN). WSN request
node devices with low power, low data rate, low cost and short time delay
characteristics. The ZigBee standard got its name from the zigzagging
patterns of honey bees between flowers which represent the
communication between nodes in a mesh network (Ramya et al, 2011).

ZigBee is a standard based network protocol developed by the
ZigBee Alliance that uses the transport services of the IEEE 802.15.4
network specification (ZigBee Alliance, 2024). The reasons why ZigBee is
used are: low cost, easy to deploy, secure and reliable communication,
open standards protocol, low power, low maintenance, very long battery
life, supports a large number of nodes, etc (Ramya et al, 2011).

ZigBee found applications in areas like home automation,
telecommunication services, healthcare, remote control, etc. (Challoo et
al, 2012).

The physical layer of the communication process is based on the DS-
SS modulation technique. It operates in three frequency bandwidths. The
first frequency bandwidth is between 868-868.6 MHz. Only one channel
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labeled with O operates in this frequency bandwidth. This frequency
bandwidth is used in Europe. The maximum throughput is 20 kbit/s. The
modulation sheme is BPSK. The chip rate for spectrum spreading is 300
kchip/s.

The second frequency bandwidth is used in America. It encompasses
a band from 902-928 MHz. Ten channels operate in this frequency
bandwidth, labeled from 1 to 10. The maximum throughput is 40 kbit/s.
The modulation scheme is BPSK and the chip rate is 600 kchip/s.

The third frequency bandwidth is used globally and that is the
frequency bandwidth from 2400-2483.5 MHz. This frequency bandwidth is
for industrial, scientific and medical (ISM) purposes. In this frequency
bandwidth, there are 16 channels labeled from 11 to 26. The modulation
type that is used is OQPSK. The maximum throughput in this frequency
bandwidth is 250 kbit/s. The chip rate for spectrum spreading is 2000
kchip/s.

The transmission range can be between 10 meters and 75 meters,
depending on power output and environmental characteristics, but in ideal
conditions, it can achieve a distance of 150 meters in an outdoor
environment (Ramya et al, 2011).

There are also some other standards similar to ZigBee which are used
in WPAN and WSN based on DS-SS modulation such as IPv6 over Low-
Power Wireless Personal Area Networks (6LoWPAN) (Mulligan, 2007),
(Ma & Luo, 2008). However, ZigBee is still the most popular choice.

Unmanned aerial vehicles

The Unmanned Aerial Vehicle (UAV) represents an aircraft without a
crew. These aircraft are also called drones. UAVs come in two varieties:
some are controlled from a remote location while others fly autonomously
based on pre-programmed flight plans. If UAVs are controlled remotely,
wireless communication can be direct, which can significantly affect the
control range, or by using the infrastructure of some of wireless
technologies, such as mobile cellular systems, satellite communications,
etc. If a UAV flies autonomously based on the pre-programmed flight plan,
it uses the GPS or computer vision, where the camera or appropriate
sensors detect obstacles and, if necessary, bypass them (Zhao et al,
2018).

The very beginning of using UAVs was for military purposes. Later,
UAVs began to be used in various civilian applications (Milievi¢ &
Bojkovi¢, 2021). UAVs are extremely important in modern military
operations (Milic et al, 2019; Radovanovic et al, 2022).
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UAVSs use two types of communication channels. One is used for the
transmission of command and control data. Control data is sent in both
directions, from the control station to the UAV (uplink) and from the UAV
to the control station (downlink). The data sent through this channel is
related to the control of the aircraft, whether it is generated by the operator
by issuing commands or collected by the UAV during flight using the
sensors it is equipped with. The data that the UAV sends to the control
station is intended to provide a flight as reliable as possible. The second
communication channel serves to collect the main data depending on the
purpose of the UAV itself. It is mainly used for the transmission of video
signals in the downlink (Milicevi¢ & Bojkovi¢, 2021).

Due to the need for high reliability and resistance to interference, the
use of DS-SS modulation was suggested (Todorovi¢ & Orli¢, 2010).
Different vendors use DS-SS and FH-SS modulation techniques because
of difficult interception and high resistance to interference. The most
commonly used frequency bandwidth is the unlicensed band around 2.4
GHz. A brief overview of the vendors and the SS modulation techniques
used is given in (Risti¢ et al, 2022).

Underwater acoustic communications

Underwater acoustic communications are used in military, scientific
and civilian applications. Some of the applications are control of
underwater vehicles and military facilities under the sea and on the
seabed, instrument monitoring, pollution control, climate monitoring,
prediction of natural changes, search and rescue missions, etc. (Song et
al, 2019).

Underwater acoustic channels are time-frequency and spatially
variable channels with limited bandwidth and interference that occurs due
to multiple propagations (Du et al, 2019; Singer et al, 2009). These
channels are bandwidth limited due to the increased attenuation at higher
frequencies (Yang & Yang, 2008).

In this specific kind of communication, the DS-SS modulation
technique is commonly used because of its excellent anti-interference
ability, antichannel fading ability, and low Signal to Noise Ratio (SNR)
performance. However, DS-SS modulation is limited by the narrow
bandwidth of the underwater acoustic channel and has a low transmission
rate (Chitre et al, 2008; Yang et al, 2021).

The biggest influence on the gain of an SS modulation is the
fluctuation of the carrier phase. Fluctuation of the carrier phase directly
affects the receiver to, for example, detect and decide which symbol was
sent, which can lead to the inability to despread the signal. Carrier
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fluctuation is caused by the appearance of the Doppler effect. Multiple
signal propagation in underwater communications can lead to the loss of
orthogonality characteristics of the PN sequence, thus reducing decoding
performance. The core of DS-SS underwater acoustic communication is
to obtain the matched filter processing gain and the fast carrier phase
fluctuation interference caused by the Doppler effect is the most important
factor affecting the matched filter processing gain (Du et al, 2019).

Underwater acoustic communications are used to send control
signals and commands to Autonomous Underwater Vehicles (AUVs) and
underwater sensors. Due to their nature, controlling signals and short
commands often require high reliability (Qu et al, 2009).

Since the very beginning of the use of underwater acoustic
communications, DS-SS modulation has been used at low frequencies
and small channel bandwidths. These communications were first tested
for military purposes (Loubet et al, 1997).

In (Loubet et al, 1997), tests of DS-SS signal transmission at carrier
frequencies from 1.5 kHz to 2 kHz are described. Channel bandwidths are
very narrow, up to 500 Hz with the maximum transmission rates of 80 bit/s.
For the purposes of spread spectrum, Gold and Kasami sequences are
used with the system process gains of 9 dB and 18 dB, depending on the
sequence duration.

In (Yang & Yang, 2008) the DS-SS modulated signals had a carrier
frequency of 17 kHz with a channel bandwidth of 4 kHz. The transmitted
symbols are spread with an m-sequence with 511 chips. The sequence of
chips is then transmitted using BPSK modulation. The obtained processing
gain is around 27 dB.

Other realizations using DS-SS modulation for underwater acoustic
communications are presented in (Yang et al, 2021) and (Qu et al, 2009).

Conclusion

The DS-SS modulation technique is based on direct spectrum
spreading by multiplying a data signal with the PN sequence defined in the
PN sequence generator. The DS-SS modulation technique has been
successfully implemented in many military and commercial applications,
due to its high protection against interference, making communication
difficult for reconnaissance and eavesdropping, and its ability to provide
code division multiple access. The history, principles and modern
applications of the DS-SS modulation technique are presented in this
article.
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Historically, the first developed DS-SS systems were used in military
radiocommunications, since it requires a technique that has good
resistance to various forms of electronic attacks. Later, DS-SS modulation
found its applications in commercial radiocommunication systems.

Mobile phones, wireless sensor networks, wireless local area
computer networks, radio-relay and satellite communications are just
some of the applications. Communication links for UAVs control are very
important, so they need to use technology that is difficult to interfere with.
Applications to control signals of UAVs and underwater acoustic
communications are promising in the near future.
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Resumen:

Introduccién/objetivo: La modulacion de espectro ensanchado de
secuencia directa se utiliza ampliamente en muchos sistemas de
radiocomunicaciones. Al principio, esta técnica de modulacion se utilizé en
sistemas de navegaciéon y comunicaciones militares. Posteriormente, las
aplicaciones también se diversificaron en los sistemas de comunicacién
civiles. Hoy en dia, existen muchos sistemas en los que se implementa
modulacion de espectro ensanchado de secuencia directa como parte del
sistema. Este articulo tiene como objetivo sublimar el conocimiento sobre
la técnica de modulacion de espectro ensanchado de secuencia directa y
sus aplicaciones.

Métodos: El articulo presenta una revision del desarrollo histérico de la
técnica de modulacién de espectro ensanchado de secuencia directa, sus
principios y las aplicaciones actuales mas importantes.

Resultados: Basado en una gran cantidad de referencias, este articulo
resume el desarrollo histérico, los principios basicos y las aplicaciones
modernas de la modulacién de espectro ensanchado de secuencia directa
en sistemas de comunicaciones militares y comerciales.

Conclusion: La modulacién de espectro ensanchado de secuencia directa
se utiliza ampliamente en las radiocomunicaciones modernas inalambricas
y por satélite. Se espera que forme parte de futuros sistemas de
comunicacion globales.

Palabras claves: radiocomunicaciones, comunicaciones militares,
sistemas moviles celulares, espectro ensanchado, secuencia directa,
sistema de posicionamiento global, comunicaciones acusticas
submarinas, vehiculos aéreos no tripulados, fidelidad inalambrica,
ZigBee.
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LleHTp npuknagHoi MaTeMaTuKM U ANEKTPOHUKM,
r. benrpag, Pecnybnvka Cep6usi, koppecnoHaeHT

5 IHCTUTYT MCKYCCTBEHHOMO UHTesnekTa Cepbuun,
r. Hoeu-Cag, Pecny6nuka Cepbus

B YHuBepcuteT o60poHsbl B . benrpaa, BoeHHast akapgemus, kadhegpa
TeNnekoMMyHuKaLuin 1 nicbopmatuku, r. benrpaa, Pecnybnuka Cepbus

"Tenekom Cepbus, a.a., r. benrpag, Pecnybnuka Cepbus

PYBPUKATIPHTW: 49.27.00 Cuctema nepegauu,
49.43.00 Pagunocessb 1 paguoBeLliaHue
BWO CTATbW: 0630pHas ctaTtbs

Pesome:

Besedenue/uenb: Molynsauusi pacuiupeHue criekmpa mMemoooM rpsiMol
rnocrnedosamernibHOCMU WUPOKO UCIOMb3yemcsi 80 MHO2UX cucmemax
paduocessu. Briepebie amom memod modyrnsiyuu bbi1 UCnosib308aH 8
B0€EHHbIX cuUCmeMax yrpaeneHus, C€es3u U Hasuzauuu. 3amem
MpuMeHeHUe pacnpocmpaHusiock U Ha cucmemsl 2paxdaHckol cesizu. B
COBPEMEHHOM MUpPE Cywecmeyem MHOXEeCmeo CUCMeEM, 8 KOMmOopbIX
MoOlynsayust pacwupeHHo20 criekmpa memodom npsimoui
rnocrnedogamernibHOCMuU cmarna 4Yacmbio cucmemsbl. Llenbto  OaHHOU
cmambu sensiemcsi 0bobujeHue 3HaHul O Memode Modynsauuu ¢
pacwWupeHHbIM CrieKmpom mMemodom npsmMol rnocredogamerisHocmu u
€20 rNPUMeHEHUU.

Memoodel: B cmambe npedcmasneH 0630p UCMOPUYECKO20 pa3sumusi
MOOyniAyuu ¢ pacCWUPEHHbIM  CHEKmMpoM  MemoOoM  npsiMou
rnocredogameribHOCMU, €20 TPUHYUNO8 U Haubosee BaXHbIX 8
Hacmosiujee epemMsi PUIoXKeHuUd.

Pesynsmamei: B daHHOU cmambe, 0cHogaHHOU Ha 6071bWOM Konudecmee
Jumepamypsbi, 060bwWaromcsi  LUCmMOpUYecKoe pa3sumue, OCHOBHbIE
MPUHYUNbI U COBPEMEHHOE MPUMEHEHUE MOOYNSAUUU C PacWiUupPeHHbIM
criekmpom MemoOoM npsIMOU  rocriedoeamesibHOCMU 8 G8O0EHHbIX U
KOMMEPYECKUX cucmemax cesi3u.

Bbigod: Modynsyusi ¢ paclupeHHbIM Ccriekmpom MemodoM rpsmou
rocrnedosamesibHOCMU  WUPOKO  UCIOMb3yemcsi 8  COBPEMEHHOU
6ecriposodHol u criymHukoeou paduocssizu. MoxHO npedrnonoxums, 4mo
OH cmaHem Yyacmabto 6ydyujux arobarbHbIX KOMMYHUKaUUOHHBIX CUCMEM.
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Knrouesbie criosa: paduocessb, 80eHHasi C853b, COMosbie MOBUIbHbIE
cucmembl, PacWUpPeHHbIU crekmp, npsMasi nocnedosamesbHOCb,
enobarnbHas cucmema rno3UyUOHUPO8aHUs], M0080OHas aKycmudecKkasi
ces3b, becriunomHsie nemamerbsHble annapamsi, Wi-Fi, ZigBee.

[MpeHoc y NpolwnpeHoM CNeKTPY — AMPEKTHA CEKBEHLA: nctopuja,
NPUHLMMNW U CaBpeMeHe NpuMeHe

Henad M. CtojaHosuh?, Bpaxucriag M. Tonoposuhb,
Bnadumup b. Puctuh®, MeaHa B. CtojaHoBUA"
a2Bojcka Cpbuje, NeHepanwTab,
YnpaBa 3a TenekomyHukauuje n nHdopmaTuky (J-6),
LieHTap 3a npumer-eHy MaTteMaTuKy U eNeKTPOHUKY,
Beorpap, Penybnvka Cpbuja, ayTop 3a npenucky
5 IHCTMTYT 3a BewwTauky UHTenureHuujy Cpbuje,
Hoeu Capg, Penybnuka Cpbuja
B YHuBep3uTeT ogbpaHe y beorpaay, BojHa akapemuja,
KaTtegpa TenekomyHukaumja u nHpopmaTtuke, beorpag, Penybnuka Cpbuja

" Tenekom Cpbuja, a. a., beorpaga, Peny6nuka Cpbuja

OBJACT: TenekoMyHukauuje
KATEFOPWJA (TWIM) YNAHKA: npernegHu pag

Caxemak:

Yeod/yure: MHoz2u cucmemu paduo-KoMyHUKauyuja Kopucme cucmem
fpeHoca y npowupeHoM criekmpy romohy OupekmHe cekseHue. Ha
royemky, osa MexXHUKa Ce Kopucmuna y 60jHUM U Hasu2auUOHUM
cucmemuma, OOK Ce KacHuje MpuMerbyje 3a pasnuyume cepxe U y
UUBUTHUM MerieKkoMyHUKaUyUoOHUM cucmemuma. [aHac rnocmoje MHoau
cucmemu e0e je mexHuka OUPEKMHEe CEeKeeHue UMIiiieMeHmupaHa y
HekoM Huxosom Oeny. Ljurb ogoz pada jecme Oa cybnumupa 3Hama 0
MexXHUUU fpowupeHoe criekmpa ca OUPEeKMHOM CEeK8EHUOM U HeHUM
npumeHama.

Memode: lNpedcmasrbeHuU Cy UCmOopUjcKU paseoj mexHUKe npouupeHoe
criekmpa ca OUPEKMHOM CEeK8EHUOM, MpUHUUNU pada U HajeaxHuje
caspeMeHe rpuMeHe.

Pesynmamu: Ha ocHogy OocmyrniHe numepamype, pad cymupa
UCMOpPUJCKU  pa3goj, OCHOBHe [MPUHUUMEe U caspeMeHe puMeHe
fpowiupeHoe criekmpa ca OUPEeKMHOM CEK8EHUOM Yy 8OjHUM U
KomepuujanHuM menekoMyHUKayUuoHUM cucmemuma.

Bakrpyqak: Cucmem rnpeHoca npowupeHoe criekmpa ca OUPeKmHOM
CEeKBEHUOM je y WUPOKOj rnpuMmeHU y MOOepHUM 6exXudyHuM U
camenumckum paduo-komyHukauujama. Oyekyje ce da byde Oeo b6ydyhux
arnobarnHux mesieKoMyHUKayUoHUX cucmema.
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KmbyyHe peuu: paduo-KoMyHUKauuje, 60jHe mesieKoMyHuKauuje,
henujcku MoObunIHU cucmemu, M[POWUPEHU crekmap, OupeKkmHa
cekgeHua, erobasnHu cucmem no3uyuoHupara, nod8o0He aKycmu4yHe
KoMyHukayuje, becniunomre nemenuue, Wi-Fi, ZigBee.
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Abstract:

Introduction/purpose: SMART orthopedic systems use fixators with remote
monitoring, processing, and communication capabilities to leverage healing
progression data for personalized, real-time monitoring of a healing
process. The fixators incorporate small and compact piezoelectric sensors
that generate electrical signals upon the application of force to the
piezoelectric diaphragm. This enables doctors to remotely guide fixation
devices using indirectly and remotely controlled stepper motors known for
their precision and accuracy. Reliability of stepper motors makes them a
viable alternative for the mechanical tools traditionally used by doctors for
fixator extension.

Methods: This study focuses on the evaluation of sensor-based technology
in orthopedic applications. The paper presents a theoretical framework for
the application of SMART devices in the bone fracture healing process. It
delves into the structure and functionality of piezoelectric transducers,
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offering a comprehensive insight into this technology and various
engineering aspects of SMART systems.

Results: The implementation of SMART systems has significantly
enhanced doctor-patient communication. This improvement is facilitated
through a dual-phase process involving gathering, processing, and
transmitting the data wirelessly from the patient’s (sensor) interface to the
doctor who uses specialized software for data analysis and wireless
transmission to the stepper motor actuator. Subsequently, the data is
forwarded to the decoder at the motor site, where a motor controller
generates the control signal for the stepper motor driver.

Conclusion;: SMART implants can provide doctors with quantitative data
that can be used in directing a rehabilitation plan. The sensor-based
technology offers insights into the stress induced by the callus formation
enabling bidirectional communication between the doctor and the patient.
The stepper motor is a tool that aids in personalized treatment from the
distance.

Key words: SMART implant, piezoelectric sensor, fracture healing,
stepper motor.

Introduction

Traditional technologies used to monitor fracture healing mostly rely
on imaging techniques such as radiography, computed tomography (CT)
scans, magnetic resonance imaging (MRI), and ultrasound, which are
subjective, involve radiation, and expensive (Bizzoca et al, 2023;
Nicholson et al, 2021; Coneicao et al, 2023). Efforts in improving bone
healing were firstly focused on measuring fracture stiffness based on
external fixation (Pelham et al, 2017). However, internal fixation is now the
preferred method for treating lower limb fractures due to the drawbacks
associated with external fixation, such as patient discomfort, prolonged
recovery time, and infection risks (Friis et al, 2017; Sellei et al, 2015; Antic
et al, 2023a). To monitor interfragmentary movement, implanted devices
with internal power sources and instrumented bone plates are commonly
used (Ernst et al, 2020). Recent advancements in long bone healing
involve innovative methodologies using both external and internal fixators,
introducing new remote detection, processing, and communication
systems. The development of multifunctional Self-Monitoring Analysis and
Reporting Technology (SMART) implants incorporating various sensing,
actuation, processing, and power systems, represents an emerging trend
in this field (Soares dos Santos & Bernardo, 2022). SMART implants have
the potential to provide personalized, real-time monitoring of the healing
process even after the patient has been discharged from the hospital
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(Antic et al, 2023a). In their study, Borchani et al. (2016) describe sensor-
based monitoring devices equipped with an internal power source and an
instrumented bone plate for monitoring interfragmentary movement. At the
site of a bone fracture, these devices gather data on the patient’s activity.
The collected raw data is subjected to statistical processing, storage,
and/or transmission. A significant challenge arises from the fact that
sensor packages are too large to be integrated into small orthopedic
components such as fracture fixation plates, microcontroller units, and
power sources (Sun, R. et al, 2018). The design based on piezoelectric
sensors eliminates the need for an external power source, which simplifies
the construction and implementation of fixators.

Piezoelectric materials have the ability to generate electrical signals
without external stimulation. The distortion of the internal dipole caused by
applied mechanical force generates surface charge, resulting in the
generation of electrical signals (Tandon et al, 2018). When a force is
applied to the piezoelectric diaphragm, an electric charge is generated
across the crystal faces. The output is measured as voltage that is directly
proportional to applied pressure (Antic et al, 2023b). Consequently,
piezoelectric sensors can function as self-powered, battery-free sensors
with inherent mechano-electric energy capabilities. These sensors enable
the accurate capture of various information from the environment.
Parameters such as fracture stiffness, void geometry deformation, bending
moment, and other relevant factors can be monitored to facilitate the
healing process of a fractured bone (Claes & Cunningham, 2009; Antic et
al, 2023a).

The SMART sensor system must be designed to utilize data related
to healing progression in order to provide doctors with information about
fracture healing, which necessitates that it incorporates acquisition and
processing systems capable of detecting electrical changes in various
stages of fracture healing including not only sensors but also analogue-to-
digital (A/D) and digital-to-analog (D/A) converters, data processing and
storage devices, as well as communication system for data transmission
(Coneicao et al, 2023).

The use of remote data monitoring and acquisition of the fracture
activity profile is considered a distinguishing feature of the SMART sensor-
based concept compared to passive techniques for in vivo monitoring
(Green & Gianchandani, 2009). Through remote monitoring, doctors can
guide fixation devices from a distance, if necessary, to align bone
fragments and facilitate the formation of new callus tissue. This can be
achieved using indirectly and remotely controlled devices such as
miniaturized stepper motors known for their precise and accurate
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movements, fine resolution, low noise, high torque capabilities, reliability,
and durability. Stepper motors translate electrical pulses into precise
mechanical movements, while the controller keeps track of the number of
steps taken. Their excellent dynamic characteristics enable quick starts
and stops, making stepper motors widely used in medical applications for
controlling critical aspects of patient care, such as infusion pumps, systolic
pumps, respiratory devices, dialysis machines, CT scanners, MRI
machines, surgical instruments, and medical robots (Kumar, 2021). The
reliability of stepper motors makes them suitable for replacing mechanical
tools used by doctors to extend fixators.

This article highlights the use of SMART implant systems consisting
of the piezoelectric sensor and data processing, storage, and transmission
units. It is shown that communication between the sensor transmitter and
the receiver at the doctor’s site can enhance the personalized healing
process. Furthermore, the use of stepper motors is discussed,
demonstrating their ability to adjust external fixators without the doctor’s
physical presence.

SMART orthopedic implant systems

Bones form a solid structure known as the skeleton which provides
the support and protection of internal organs (Andrew, 2024). The bones
contain one of the hardest tissues that make up the human body
representing a suitable medium for biomechanical analysis, the results of
which could be applied in the treatment of bone fractures. The healing
process of bone fractures is governed by the achieved mechanical stability
and maintenance of broken bone fragments in a specific position to ensure
smoot progression of the healing process (Sheen et al, 2023). Minimal
distance between bone fragments as well as minimal movement between
them is essential until a solid new bone tissue (callus) is formed. There are
two basic methods of bone fracture fixation. The internal method involves
placing the entire fixation implant beneath the skin (Friis et al, 2017; Sellei
et al, 2015). The external fixator entails the use of pins and needles
inserted into the bone, passing through skin and soft tissues and attached
externally to a fixator frame (Pelham et al, 2017). External fixators are
commonly used for open fractures and where the postoperative
corrections may be necessary.

SMART implants

Orthopedic implants that are considered SMART are typically small
and compact electrically powered devices used for the purpose of

817

Antic, V. et al, SMART monitoring and treatment of fracture healing: Piezoelectric transducers and stepper motor actuators, pp.814-838



ﬁ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 2

diagnosis, monitoring, and treatment (Ledet et al, 2018). These implants
have the capability to measure pressure, force, strain, displacement,
proximity, and temperature, in addition to other physical stimuli that can
assist in the process of fracture fixation (Ledet et al, 2018). Fracture
fixation can be achieved through the use of fracture plates, intramedullary
rods and external fixators. Loads are transmitted through both the bone
and the fixator when a bone is loaded. During the acute postoperative
period, the forces are transmitted solely to the fixator since the fracture
cannot withstand loads. As the bone callus forms and the fracture heals,
the bone gradually begins to bear some load, thereby reducing the force
on the fixator. The SMART implant system typically comprises a sensor
chip, a reader unit, and a battery (Antic et al, 2023b). Electrochemical
monitoring is made possible through on-chip microelectrodes. The sensor
readout unit is built upon an application specific integrated circuit. The
sensor reading and bi-directional data transmission between the implant
and the interface is enabled by a microcontroler integrated into the reader
unit. All the components of the system are designed to operate on low
power.

Implant materials

Despite significant advancement in the technology of SMART
implants, there are still several obstacles that need to be addressed such
as implant failure mechanisms, toxicity, infection, corrosion of metal
implants, design, and effectiveness of implants used in fracture fixation
(Shayesteh Moghaddam et al, 2016).

Metals have unique and valuable characteristics in terms of their
extensive surface areas and biological properties which encompass
biocompatible loading and heat transfer. Due to the high mechanical stress
resistance and fracture toughness of cobalt, iron, nickel and titanium,
these were the pioneering materials used for implants, and continue to be
extensively used (Binyamin et al, 2006; Shekhawat et al, 2021).
Additionally, metal alloys like cobalt, magnesium, stainless steel, and
titanium alloys are frequently used for implants to attain specific properties
such as corrosion resistance, elasticity, and strength (Poinem et al, 2012;
Shekhawat et al, 2021). Stainless steel is the most frequently used in
metallic implants due to its affordability and ease of production. However,
its high stiffness compared to bone can result in bone resorption from
stress shielding. Stainless steel may also trigger an inflammatory response
as its oxide becomes conductive (Jacobs et al, 1998). On the other hand,
cobalt-based alloys surpass stainless steel in terms of biocompatibility,
corrosion resistance and strength, albeit at higher manufacturing costs
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(Brogini et al, 2021; Solanke et al, 2021). Titanium and its alloys are
characterized by low density, excellent biocompatibility, and an oxide layer
for bone progenitor cells attachment (Xu et al, 2020; Anene et al, 2021).
Nickel-titanium, commonly used in orthodontic wires and vascular stents,
has the lowest elastic modulus among biocompatible metals having bone-
like biomechanical properties (Taheri Andani et al, 2014). Titanium-based
materials, although very expensive, are reserved for patients with
hypersensitivity reactions to cobalt-based or stainless-steel alloys.
Magnesium, with a density slightly lower than that of the bone, can serve
as an osteo-conductive and biodegradable implant material in load-
bearing applications. However, controlling its high corrosion rate is crucial
to ensure its suitability for biomedical applications (Findik, 2020).

In decades, synthetic materials have progressed from biocompatible
substances to bioactive materials. By adjusting the composition, polymeric
compounds can mimic the structure of different tissues while retaining their
mechanical characteristics. Among synthetic materials, polyurethane (PE)
is recognized as one of the most versatile substances suitable for
orthopedic implants (Francis, 2021). The increasing use of polymers is
driven by their costs-effectiveness and adaptability. The key benefits of
using PE include low friction resistance, resistance to abrasion and impact,
good biocompatibility, favorable tensile properties, tensile strength and
flexural rigidity (Jefferies et al, 2021). However, its drawbacks include the
generation of heat and the release of methyl methacrylate monomer during
the in-situ polymerization process (Rohani Shirvan et al, 2021; Allizond et
al, 2022). With the rise in the life expectancy and surgical procedures,
there is a growing demand for implants that are highly reliable and resistant
to fractures. Bio-ceramics are a type of wear-resistant materials with high
fracture toughness. They are categorized into three groups: bioinert
materials that do not react with the living tissue and are non-toxic,
showcasing exceptional stability and mechanical properties, but with high
manufacturing costs (zirconia, alumina); biodegradable substances that
are absorbed by the body; and bioactive materials capable of forming
bioactive glass (Piconi, 2017).

SMART orthopedic fixation

Movements around the fractured area and the natural muscle tension
tend to dislocate the fracture. When external fixation is utilized, these
movements can strain the pins and the frame of the external fixator,
causing micromovements and micro-deformations. This effect is
particularly noticeable in cases of external fixation involving weight-bearing
bones of the lower extremities. The forces from lower extremity
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movements, muscle tension, and the body’s weight during standing and
walking all contribute to the issue. As the callus hardens, more of the load
is gradually transferred through the bone and less through the external
fixator, resulting in a reduction of micromovements and micro-
deformations. SMART fixators have the capability to provide objective data
that can assist doctors in guiding patient rehabilitation strategies at various
stages of treatment. Monitoring loads during weight-bearing is typically
used to indicate the process of fracture consolidation and healing
(Borchani et al, 2016). SMART internal fixators using bone plates have
shown promising results in comparison to other surgical methods. Studies
describe postoperative fracture monitoring by electrical impedance
spectroscopy (Lin et al, 2019), and the measurement of physical stimuli
achieved through application-specific technology of the implant (Ledet et
al, 2018). In addition, the integration of intelligent features into orthopedic
implants containing wireless transceivers and microsensors has
significantly improved implant capabilities. However, certain challenges
such as ensuring the reliability of wireless links, downsizing implants,
providing adequate power supply, high measurement accuracy,
affordability, and low complication rates, still need to be addressed
(Naghdi et al, 2023). The main advantages, challenges, and future
perspectives of the SMART concept are listed in Table 1.

Table 1 — Advantages, disadvantages, and expectations of the SMART concept

Advantages Disadvantages Future perspectives
Data analytics Affordability
) . Accuracy P )
Data integration : Artificial intelligence
) Battery life } . .
Information exchange . Biomedical sensing
Complexity

Interoperability ) Cost effectiveness
Discomfort . o
loT Decentralized medicine

Remote monitoring and controlling - .ngh cgsts . Mobile health
- Reliability of wireless links .
Target audience Securit Personalized health care
Wearable sensor technologies/Portability Stabilit;/ User friendly

Wireless/wired transmission Time effectiveness

Sensor-based diagnostic

The sensor system serves as an active device that not only
possesses the capability to make automatic decisions but also has the
ability to control actuators based on those decisions. The system
comprises several key components, including excitation control,
amplifiers, converters, and analog filters. These components work
together to convert mechanical stimuli into electrical signals determined by
responses to mechanical strain (Kausar, 2022). Among various types of
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stretchable strain sensors, capacitive and resistive sensors have received
significant attention among researchers. Capacitive strain sensors are
constructed by placing an insulating foil between two stretchable
electrodes (Amjadi et al, 2016). When subjected to strain, the capacitance
of these sensors increases due to geometric changes in the capacitive
region, independent of the resistance value of the electrodes. Resistive
sensors are designed in the stretchable format. When stretched or
compressed, the electrical resistance of these sensors changes in
response to the applied mechanical stress.

In terms of sensors system diagnostics, there are two types of
measurements: external and internal. Both types incorporate sensing and
active devices that facilitate real-time monitoring of bone fracture healing.
Pelham et al. (2017) discuss external measurements which involve indirect
measurements of fracture stiffness as an indicator of bone union, as well
as the monitoring of the mechanical response of external fixation devices.
Furthermore, Chiurazzi et al. (2020) explore the functions of capacitive
sensors in relation to relative rotation and translation of external fixator
pins used to determine the status of bone healing. Borchani et al. (2016)
discuss an internal approach to long-term measurement that includes a
microprocessor.

Devices most commonly used for measuring strain in SMART sensor
orthopedic devices are strain gauges. Strain gauges are metallic
transducers used for accurate measurements of forces, loads, weight, or
tension. The resistance in a strain gauge varies in direct proportion to the
level of strain. A strain gauge consists of a small wire or a metallic foil
arranged in a grid pattern, which is bonded to a thin carrier attached to a
bone and undergoes a linear change in its electrical resistance when the
bone experiences strain (Button et al, 2013). Strain gauges have the
advantage of being able to be directly attached to the object being
measured, streamlining the measurement procedure. They are particularly
suitable for extended periods of measurements making them ideal for
long-term monitoring. Furthermore, the simplified process of extracting
relevant information from the gathered data facilitates data analysis.
Additionally, strain gauges exhibit a high capability to adjust for variations
in temperature, enhancing their overall utility. Piezoelectric force sensors
or force transducers used in SMART orthopedic systems are typically
installed directly at the measurement point allowing for immediate
readiness of conducted measurements. They are designed for precise
measurements, strategically positioned and calibrated to take into account
factors such as the structure geometry, the material modulus of elasticity,
and the mechanical stress (Sirohi & Chopra, 2000). These transducers
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capture electrical charge through the application of force on a piezoelectric
crystal which is then converted into a voltage signal using the charge
amplifier. Due to atomic-level shifts that cause charge effects, the
deformation is extremely small. This allows for the creation of highly rigid
structures with high natural frequencies. Such characteristics are
particularly advantageous for capturing fast and high-frequency
measurements. The disadvantages encompass the high volatility of
electric charge captured by the crystal and its tendency to decrease over
time, along with the vulnerability of piezoelectric transducers to
temperature fluctuation.

Piezoelectric transducers

Piezoelectric transducers generate an electrical charge in response
to applied mechanical stress. These transducers are commonly used in
systems that measure various physical stimuli, including force, pressure,
strain, and temperature (Jacobs et al, 1998). The transducer circuit
comprises internal resistance, an inductor connected to generate
inductance due to the inertia of the sensor, and capacitance that is
inversely proportional to the elasticity of the sensor material. Unlike other
transducers, piezoelectric transducers do not require an external voltage
source as they directly generate an electrical signal based on the applied
strain. Consequently, these transductors function as piezoelectric sensors.
Moreover, transducers can also convert electrical signals into mechanical
energy or physical movement, thereby operating as piezoelectric
actuators. Hence, a piezoelectric transducer can be regarded as a
combination of a piezoelectric sensor and an actuator, and its specific
design determines whether it performs both roles or only one of them.
Piezoelectric transducers are compact, robust, and shock-resistive. These
attributes, combined with their high frequency response, make them
suitable for record players, accelerometers, electronic watches,
microphones, seat bells, kitchen stoves, infertility treatment, printers,
smartphones, automatic doors, and a wide range of applications. The
small size of piezoelectric transducers allows for easy integration into
almost any device, as they can provide precise measurements across a
broad spectrum. This characteristic makes them highly adaptable and
often requires minimal adjustments to fit into existing designs.
Piezoelectric transducers boast flexible design options and requirements,
as they can be shaped into various forms to meet specific needs. A notable
feature of piezoelectric transducers is their high-frequency response and
accuracy. A rapid response to pressure changes makes them ideal for
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applications that demand precision down to fraction of a millisecond
(particularly suitable for medical devices).

It is worth mentioning that piezoelectricity has also been discovered
in bones, suggesting its involvement in important signaling mechanisms
related to tissue function (Aherwar et al, 2016). Recently, piezoelectric
sensors became promising candidates for integration into Internet of
Things (loT) technologies (Brogini et al, 2021). However, the transmission
and reception of data over wireless channels can be extremely vulnerable
to malicious attacks since wireless communication involves the transfer of
significant amounts of personal information which individuals generally
prefer to keep confidential (Li & Li, 2022).

Piezoelectric transductor: functions and structure

The piezoelectric transductor used for monitoring bone healing
transforms the force associated with the size and structure of a newly
formed callus. The application of mechanical deformation to a polarized
crystal of the piezoelectric diaphragm induces electrical charge
generation, i.e. a sensor generates an electrical signal in response to
compression or tension (transduction) (Kausar, 2022). The key attributes
of piezoelectric transductors include their flexibility and lightweight nature,
dynamic and frequency range, high resistance to mechanical stress and
impact, and availability in a variety of thicknesses and sizes. In sensor
applications, the flat part of the frequency response (the relationship
between the force input and the voltage output versus the frequency) is
commonly used. The useful region for a sensor is usually between the
high-pass cutoff and the resonant peak (Figure 1). Low frequencies are
filtered out by the leakage resistance while the high frequencies resonate
(Bansal, 2012).

The output voltage generated by a piezoelectric sensor can also serve
as a power supply for additional functionalities like wireless communication
(O’Connor & Kiourti, 2017). By using a piezoelectric material in the
construction of the sensor, the resulting output voltage can be effectively
measured to identify the strain. Consequently, the analysis of the output
voltage enables motion detection. It is important to note that sensors with
different designs have distinct characteristics such as durability,
hysteresis, linearity, sensibility, and stretchability (Kim et al, 2022).
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Figure 1 — Piezoelectric sensor frequency response

Data acquisition and processing

The increasing need for customized, non-hospitalized medical care has
led to the growth of telemedicine, a system that uses information and
communication technologies to share health data and deliver healthcare
services. This innovative approach enables two-way communication
between patients and doctors. When coupled with telemonitoring,
telemedicine can serve a s a valuable diagnostic tool by remotely tracking
patients’ physiological data through sensors, microprocessors, and
wireless data transmission for real-time data processing (Aguirre et al,
2016). The biomedical data related to the broken limb is a crucial element
of personalized treatment, involving sensing, acquiring, processing, and
interpreting bio-signals to gather essential information for doctors. The
process of data acquisition (DAQ) involves the conversion of analogue
signals into the digital format, ensuring both accuracy and speed to enable
computer processing. This process occurs in three stages: sensing, signal
processing and analysis. The sensing stage involves converting physical
characteristics into electrical signals, while the signal processing stage
transforms these signals into a format that can be understood by software,
embedded platforms, and computer devices. Finally, the analysis stage
extracts valuable features to aid in decision making (Sun, G. et al, 2018).
The key components of a data acquisition system include: transducers
which transform the measured quantity into an electrical signal that is
proportional to the input; devices that adjust the sensor signal to the
appropriate level for analogue-to-digital (AD) conversion (such as
amplifiers, converters, and filters); an anti-aliasing filter that eliminates
high-frequency signals that may lead to inaccurate conversions; and
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various other units with different levels of complexity (Taylor, 1997). The
block diagram of a DAQ system is given in Figure 2.

PHYSICAL SIGNAL
CHARA CTERISTIC —*TRANSDUCER —, CONDITIONING —>A/D CONVERTER—*DAQ SOFTWARE

Figure 2 — Data acquisition and processing

The initial step in the data collection process involves identifying
physical phenomena or characteristics that should be measured.
Regardless of specific characteristic being measured, it must first be
converted into the format that a DAQ system can handle. The conversion
process is carried out by transducers. Piezoelectric crystal transducers
convert applied force into electrical charge. The charge is then measured
and converted into digital signals. The electrical signals obtained from the
sensors may contain noise or other interference and need modification.
The signals might also be weak to a point where the data acquisition
system cannot measure them. Hence a signhal conditioner is used to
optimize the signals. It separates the noise from the real signal and utilizes
an amplification circuit for strengthening weak signals. The A/D converter
plays a crucial role in the DAQ system by transforming the data obtained
from the surroundings into distinct levels that can be understood by a
processor. A higher number of bits in an A/D converter results in an
increased number of discrete levels available for encoding an analog
signal, thereby enhancing resolution of the A/D converter. The execution
of the DAQ software can be carried out by a microprocessor unit (MPU)
which is capable of executing signal condition tasks specific to the process.
The sensor can operate in a “report by exception” mode, where it transmits
data only if there is a change in the measured variable. Additionally, the
sensor may incorporate self-diagnostics, enabling the immediate detection
of any developing drift in the outputs of its sensor elements. The data
processing encompasses the transmission and reception of information
through both wired and wireless channels. It is important to highlight that
data processing, particularly when carried out wirelessly, is highly
vulnerable to malicious attacks.

Telemedicine and communication protocols

The healthcare sector is currently experiencing a notable shift due to
the progress in technologies, like the 10T, biosensing, non-invasive
sensing, contactless sensing, artificial intelligence (Al), mobile
applications, and cloud computing (Sun, G. et al, 2018). This has led to a
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series of challenges in the acquisition, monitoring, processing, and sharing
of patients’ data highlighting the necessity for healthcare solutions that are
flexible, personalized, and easy to use in order to address growing
demands.

Telemedicine refers to the application of electronics information and
communication technologies for the provision and enhancement of health
services in cases where there is physical distance between the patient and
the doctor (Atmojo et al, 2020). In contrast to telehealth that covers remote
clinical and non-clinical services, telemedicine mostly focuses on remote
clinical services provided by doctors (Kruse et al, 2017). It also provides
convenience to both patients and doctors by eliminating the need for in-
person visit to seek medical advice or treatment. Telemedicine is proved
to be a cost-effective alternative when compared to the traditional
approach to medical services and care. Telemedicine operations
necessitate a thorough understanding of telecommunication technologies,
networking and medical device technology. One of the most captivating
advancements in telemedicine pertains to the capability of incorporating
devices for self-monitoring or supervision by doctors (Cram, 2004).
Telemedicine predominantly relies on desktop/laptop computers equipped
with specialized software and corresponding devices, offering the
advantage of secure data storage, processing, and transferring. Based on
the mode of operation, telemedicine can be divided into an asynchronous
(store-and-forward), synchronous (real-time), and remote monitoring. The
patient is provided with health care through the telecommunication system
(Thomas, 2023). The communication in telemedicine relay on the following
standards and protocols for wired and wireless communication: Bluetooth
(IEEE 802.15.1), Wi-Fi/lWLAN (IEEE 802.11), WiMAX/Broadband
Wireless Access (BWA) (IEEE 802.16), ZigBee (IEEE 802.15.4), Real-
Time Protocol (RTP), Real-Time Transport Control Protocol (RTCP),
Transmission Control Protocol/Internet Protocol (TCP/IP), and User
Datagram Protocol (UDP).

Stepper motor actuator: a tool for enhancing
extension mechanisms

Stepper motor actuators (SMA) are electromechanical devices that
transform electrical pulses into distinct rotation movement referred to as
‘steps” (Harb & Zaher, 2004). They consist of a stepper motor, a
mechanical transmission mechanism, and a control system. The stepper
motor is a synchronous electric motor that moves in discrete steps and has
a capability to achieve accurate control over position and speed without
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requiring feedback systems. Stepper motors can be divided into
permanent magnet stepper motors (PMSM), variable reluctance stepper
motors (VRSM), and hybrid stepper motors (HSM). PMSM make use of
permanent magnets on the rotor and EM stator poles. PMSM have
favorable torque-to-size ratios (frequently used in cost-effective
applications). VRSM have a soft iron rotor without magnets and generate
torque based on the magnetic reluctance principle. They have the ability
to achieve high step rates, and are frequently used in high-speed
applications. HSM combine characteristics of both PMSM and VRSM.
HSM have a multi-toothed rotor equipped with permanent magnets,
resulting in higher torque, improved resolution, and smoother operation
compared to PMSM or VRSM. The mechanical transmission mechanism
in a SMA converts the motor rotary motion into linear or other motion types
using lead screws, ball screws, belts, and pulleys. The control system
manages the stepper motor operation by sending electrical pulses to its
windings, determining its speed, direction, and step size.

The SMA used in medical devices are required to possess several
characteristics, including small size, accuracy, smooth motion, quiet
operation, reliability, and quality. In medical applications, limited space is
often a critical factor, making smaller SMA highly desirable (Cheng &
Scattareggia, 2011). To choose the most suitable SMA for a specific
application, it is crucial to take into account various factors which include
load, speed and acceleration requirements, resolution and precision
needs, operating environment, and costs. Firstly, one needs to determine
the force or torque necessary to move, lift or hold the load. This information
will assist in selecting the appropriate motor size and transmission
mechanism. Secondly, the desired speed and acceleration should be
considered, because they will have an impact on the control system
selection. Next, the required positioning resolution and accuracy should be
evaluated. This will aid in choosing the motor type and the step angle.

The SMA can serve as a tool to facilitate a gradual bone lengthening
procedure, enabling the bone to slowly increase in length. The fixator can
be adjusted at a rate of approximately 1mm per day, until the bone has
fully hardened and calcified (ICLL, 2024). The objective of the SMA is to
carry out a distinct rotation of the stepper motor's movement as directed
by the physician and managed remotely. It should be noted that the doctor
has the ability to accelerate or decelerate the rate of distraction if
necessary. The SMART orthopedic external implant system shown in
Figure 3 is designed to use the SMA properties to eliminate the necessity
for mechanical tools during implant extension. This system comprises a
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piezoelectric sensor (PES), a stepper motor (SM), and a data acquisition
and processing module (DAPM).

SM

DAPM

I =] calus

PES

skin
Figure 3 — SMART implant containing PES, SM, and DAPM

Effective doctor-patient communication is achieved through a
hardware-software platform by providing doctors to access to bone healing
data and allowing them to control the movements of broken bone parts
through the stepper motor placed on the fixator. The communication
process follows a two-way protocol where both parties activate processing
devices and communication channels. Due to the limitations of the wired
control system in controlling stepper motors over a long distance, wireless
technologies are commonly used for this purpose (Sowjanya et al, 2018).

The first stage involves gathering data from the sensor, processing
the data, and transmitting it wirelessly (see Figure 2). Upon reception at
the doctor’s location, the data is processed and encoded in the proper
format. The doctor then examines the data, makes decisions, and initiates
the software for processing, formatting, and wireless transmission to
control SMA. Upon reaching the motor site, the data is received by the
receiver unit, forwarded to the decoder, and a motor controller is used to
generate the control signal for the stepper motor driver (Abas & Bakar,
2016). Various microcontroller chips with Wi-Fi interfaces can be used for
the stepper motor control, including Espressif System ESP 8266,
Microchip PIC16F series, Texas Instrument Stellaris, and Arduino Mega.
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Conclusion

SMART orthopedic implants are devices used to measure physical
stimuli during the process of fracture fixation. The implants use on-chip
microelectrodes and a sensor readout unit built on an application specific
integrated circuit for electrochemical monitoring. When external fixation is
used, the movements of the broken bone can strain the pins and the frame
of the fixator. Various factors such as extremity movements and muscle
tension contribute to this issue. As the callus hardens, a load is gradually
transferred from the fixator to the bone, resulting in a reduction of
micromovements. SMART devices provide objective data that can assist
doctors in guiding rehabilitation strategies of patients at different stages of
treatment. The sensor system is an active device capable of making
automatic decisions and controlling actuators based on those decisions.
The SMA can be used to aid in a bone healing procedure. Effective
communication between doctors and patients is achieved through a
hardware-software platform, which grants that doctors asses to bone
healing data and enables them to control the movements of broken bone
parts through a stepper motor. The doctor reviews the sensor data, make
decisions based on the information and triggers the SMA for stepper motor
activation.
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Resumen:

Introduccién/objetivo: Los sistemas ortopédicos SMART utilizan fijadores
con capacidades de comunicacién, procesamiento y monitoreo remoto
para aprovechar los datos de progresion de la curacion para un monitoreo
personalizado en tiempo real de un proceso de curacion. Los fijadores
incorporan sensores piezoeléctricos pequefios y compactos que generan
sefiales eléctricas al aplicar fuerza al diafragma piezoeléctrico. Esto
permite a los médicos guiar de forma remota los dispositivos de fijacion
utilizando motores paso a paso controlados indirectamente y de forma
remota, conocidos por su precision y exactitud. La confiabilidad de los
motores paso a paso los convierte en una alternativa viable a las
herramientas mecanicas utilizadas tradicionalmente por los médicos para
la extension del fijador.

Métodos: Este estudio se centra en la evaluacion de la tecnologia basada
en sensores en aplicaciones ortopédicas. El articulo presenta un marco
tedrico para la aplicacion de dispositivos SMART en el proceso de curacion
de fracturas 6seas. Profundiza en la estructura y funcionalidad de los
transductores piezoeléctricos ofreciendo una vision integral de esta
tecnologia y diversos aspectos de ingenieria de los sistemas SMART.

Resultados: La implementacion de sistemas SMART ha mejorado
significativamente la comunicacion médico-paciente. Esta mejora se facilita
mediante un proceso de dos fases que implica recopilar, procesar y
transmitir los datos de forma inalambrica desde la interfaz (sensor) del
paciente al médico, que utiliza software especializado para el analisis de
datos y la transmisién inalambrica al actuador del motor paso a paso.
Posteriormente, los datos se envian al decodificador en el sitio del motor,
donde un controlador del motor genera la sefial de control para el
controlador del motor paso a paso.

Conclusion: Los implantes SMART pueden proporcionar a los médicos
datos cuantitativos que pueden utilizarse para dirigir un plan de
rehabilitacion. La tecnologia basada en sensores ofrece informacién sobre
el estrés inducido por la formacién de callos, lo que permite la
comunicacion bidireccional entre el médico y el paciente. El motor paso a
paso es una herramienta que ayuda al trato personalizado a distancia.

Palabras claves: implante SMART, sensor piezoeléctrico, curacién de
fracturas, motor paso a paso.
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YMHBI/I MOHWUTOPUHT 1 3aXVBNEHNE NepenioMOB:
Nbe303nekTpu4eckme npeobpasoBaTenu N akTyaTopbl LLIAroBbIX
aBuratenen
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Pe3swome:

BeedeHueluyenb: B ymHbIx opmonedudeckux cucmemax Ucrosb3yomcs
ghukcamopbl ¢ 803MOXHOCMbK OUCMaHUUOHHO20 MOHUMOpPUHEa,
obpabomku u cesi3u Ol UConb308aHUs 0aHHbIX O X00e Jie4YeHusl C
Uesbio epcoHanu3upo8aHHoO20 MOHUMOPUH2a Npoyecca 3axueeHusi
8 peasibHoM epemMeHuU. B cocmas ¢hukcamopos exodssm Hebonbwue u
KOMnakmHble nMbe303riekmpudeckue 0amyuku, KOmopble 2eHepupyrom
afleKmpuyeckue  CcueHanbl  NpU  MPUMIOXeHUU  ycunus K
nee3oaniekmpudeckol  OQuagppazme. 3Imo  no3gonsem  gpadam
AucmaHUUOHHO  ynpaensms  buKCUupyrowumMu  ycmpodlcmeamu,
ucrnonb3ys wazoebie 0suzamesiu C KOCBEHHbIM U OUCMaHUUOHHO
ynpaensgeMbiM npueodoM, OomauqaroUWUMUCS C€eoeli MOYHOCMAbIO.
HadexHocmb  wazoebix 0deuzamenieli Oeraem ux HalOexHoU
anbmepHamugol MexaHU4YeCKuUM UHCcmpymeHmam, mpaduyuoHHO
ucronb3yeMbiM epadyamu 0151 yOrnuHeHUs1 ghukcamopos.

Memoodebr: [aHHoe uccriedoeaHue MoCesWeHO OUEHKEe CEHCOPHbLIX
mexHosoauli 8 opmoneduyecKUX MpuoXeHusix. B daHHoU cmambe
npedcmasnieHbl Mmeopemu4yeckue OCHO8bI rnpumeHeHuss YMHbIX
ycmpolicme 8 rfpouecce 3axueneHus rneperomos kocmed. Takxe
obcyxdaemcs cmpykmypa u pyHKYUOHarbHOCMb
Mbe30351eKmMpuYeckux npeobpasosamerneli u daemcs 8CeCmOPOHHEE
npedcmaesneHue o0 0aHHOU MEXHO02UU U PasfuYHbIX UHXEHEPHbIX
acnekmax YMHbIX cucmem.

Pesynbmamebr. BHedpeHue YMHBIX cucmem 3Ha4yumesibHo yry4uusio
KOMMYyHUKauyuto epadeld ¢ nayueHmamu. Takomy rnipozpeccy
criocobcmeyem nipouecc, eKYamwul cbop, obpabomky u
becripogodHyto rnepedady OaHHbIX oOm uHmMepgpetica 60rbHO20
(6amyuka) epady, Komophbll UCMOMb3yem creyuasnbHoe rnpoepaMmmHoOe
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obecrieyeHue 051 aHanui3a OaHHbIX U becrpogodHoU nepedayu
akmyamopy wazoeozo dsuzameris. [locne yeeo daHHbIe nepedaomcsi
8 Oexkodep Osuzamerisi, e0e KoHmMposiep 0eusameris 2eHepupyem
KOHMpOnbHbIU cueHan 0ns Opatieepa 0susamerisi.

BbigodbIl: YMHbIE uMnnaHmambsl Moeym rfpedocmasumb epadyam
KonuyecmeeHHble OaHHble, KOMOpble MOXHO UcCrofnb3oeams Ons
cocmasneHusi nnaHa peabunumauuu. CeHcopHasi mexHoroeusi daem
npedcmasneHue o cmpecce, 8bl3gaHHOM 0bpa3osaHueM Mo3ored,
obecrieyusasi 08YCMOPOHHIOK CB853b MeXOy 8paqyoM U MauyUueHTOoM.
Llazoebil dsueamernb crayxum UHCMpPYMeEHmMom 8
MepcoHanu3upo8aHHOM AUCMaHYUOHHOM fTIeYEHUU.

Krtouesbie croga: YMHbBIW  umnnaHmam, nbe3031eKkmpuyecKuli
damuyuk, nepesioM Kocmu, wa2o8bil dguzamerb.
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npeTeapayun 1 akTyaTopu cTen MoTopa
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Beorpapg, Penybnuka Cpbuja

6 MatemaTtuuku UHCTUTYT Cpricke akagemMuje Hayka 1 yMeTHOCTH,
Beorpapg, Penybnuka Cpbuja

® YHuBep3auTeT y Huwy, MawuHckn akynTeT,
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OBJIACT: enekTpoTexHMKa, MallMHCTBO, TeNEeKoMyHuKaLlmnje, GUoONHXeHrepuHr
KATEITOPWJA (TWUM) YIAHKA: nperneaHu pag

Caxxemak:

Yeod/yurb: Cmapm opmonedcku cucmemu Kopucme ghukcamope ca
mozyhHowhy OdarbuHckoez npahera, obpade u KOMyHUKayuje Kako bu
uckopucmusu nodamke o Haripedogary /le4era 3a NepCcoHanu308aHo
npaheme rnpouyeca 3apacmara y peanHom epemeHy. ®ukcamopu
calpxe Majie U KOMMaKmHe [ue30e/IeKmpuUYHe CeH30pe Koju
2eHepulwy  efleKmpu4yHe CcUeHa/le [pu puUMeHU curie Ha
nuesoenekmpuyHy Oujagppazmy. To omoeyhasa nekapuma Oa
darbuHcku 80de ypehaje 3a ¢hukcupare ca ydarbeHocmu Kopucmehu
UHOUpeKmMHO U OasbUHCKU KOHMporsucaHe cmer (KopayHe) momope
ro3Hame o npeyu3Hocmu u mayHocmu. Hbuxoga noy3daHocm YuHU ux
00pXUBOM anmepHamueoM 3a MexaHU4YyKe arname Koje Jekapu
mpaduyuoHanHo Kopucme 3a rnpodyxasar-e ¢hukcamopa.

Memode: Osa cmyduja ce ¢bokycupa Ha esarnyayujy mexHosoauje
3acHogsaHe Ha ceH3opuma y opmornedckuM annukayujama. Y Hoj je
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npedcmasrbeH MeopUujCKU OK8UP 3a rpumeHy cmapm ypehaja y npouecy
3apacmarba npesniomMa kocmujy. Pasmampa ce u cmpykmypa u
QYHKYUOHAIHOCM  MUE30esIeKmpuYHUX  fpemeapada U Hyou
ceeobyxgamaH ysud y 08y MEXHOMOo:2Ujy U pasfiudume UHXeH-epcKe
acriekme cmapm cucmema.

Pesynmamu: WmnnemeHmauyujom cmapm cucmema 3HadajHo  je
rnoborbwaHa KoMyHuKayuja uamelhly nekapa u nayujeHma. To je onakuiaHo
Kpo3 ripouec Koju obyxeama rpukyr/bare, obpady u 6exxuyHU rpeHoc
rnodamaka 00 nayujeHmoesoe (ceH30pcKoe) uHmepghejca 0o fiekapa, Koju
Kopucmu crieyujanu3ogaHu cogpmeep 3a aHanusy nodamakxa u b6exxuyHu
rnpeHoc 00 akmyamopa cmen momopa. HakoH moea nodauu ce
npocnehyjy 0ekolepy Ha siokauyuju mMomopa, 20e KOHmposrep mMomopa
2eHepuuie KOHMPOJIHU cugHar 3a Opajeep Momopa.

Sakrbydak: Cmapm umnnaHmamu rpyxajy fekapuma keaHmumamusHe
nodamke Koju ce MoO2y Kopucmumu |y ycMmepaeary rflaHa
pexabunumauuje. TexHomozauja 3acHogaHa Ha CeH3opuma Hydu yeud y
cmpec u3a3gaH opmuparem Karsyca, omoeyhasajyhu dsocmepHy
KOMyHuKayujy usmeRy nekapa u nayujeHma. Cmern Momop CriyXu Kao
anam Koju rnomae y rnepcoHanu308aHoM mpemmady ca yoarbeHoCmu.

KibyyHe pequ: cMapm uMriaHmam, nue3oesieKmpuYyHU CeH30p,
ghpakmypa Kocmu, cmer Momop.
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Abstract:

Introduction/purpose: It has been known for a very long time that time-
dependent effects such as creep and shrinkage of concrete considerably
influence the behavior of composite steel-concrete beams. It is therefore
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very important to take these effects into account when calculating the
strength and safety of composite steel-concrete beams. To this end, many
theoretical and numerical research studies have been established to control
this phenomenon. Most of this research presents laborious processes and
calculations requiring complex techniques.

Methods: This model consists of combining the static equilibrium equations
and the two compatibility relations, in curvature and in deformation, of the
composite steel-concrete cross-section with the differential equation
resulting from the creep rate theory (RCM). The idea of this work was to
take this model and simplify it to avoid difficult mathematical
transformations.

Results: The results from this simplified approach are very satisfactory
when compared to those given by the analytical model.

Conclusion: To overcome an excessive number of calculations and various
difficulties associated with analytical or numerical methods to estimate
additional stresses brought by the shrinkage of concrete in composite steel-
concrete beams, a simplified analytical methodology has been proposed
here while ensuring desired safety. This work has tried to simplify an
existing analytical model based on the theory of linear viscoelasticity
established in 2012.

Key words: shrinkage, concrete, steel, time, simplified approach.

Introduction

Due to the complementary performance of steel and concrete,
composite steel-concrete beams have become a very suitable structural
system for the construction of buildings and bridges. To obtain a monolithic
section, shear connectors must be arranged along the beam to connect
the concrete slab to the steel beam. This process will lead to a structural
system with significantly improved strength, stiffness, ductility, and fire
protection (Nguyen & Hjiaj, 2016). Under the application of service loads,
the steel beam deforms elastically. On the other hand, the concrete slab
will undergo strong inelastic deformations over time, particularly shrinkage,
creep, and aging of the concrete (Si & Au, 2011).

Due to the effects of concrete shrinkage and creep on the one hand
and the steel-concrete interaction on the other hand, the accurate
prediction of the service behavior of composite steel-concrete beams
becomes highly complex.

In order to evaluate the structural behavior of composite steel-
concrete beams, it is very important to predict the effects of concrete
shrinkage and creep (Sun et al, 2019). Until now, despite numerous
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research studies carried out in this field, these two phenomena have not
been mastered yet (Mari et al, 2010).

The shrinkage of concrete is, by definition, a physical phenomenon
linked to various interdependent factors such as: temperature, type of
cement, humidity and transverse dimensions of the element, etc. Total
shrinkage includes autonomous shrinkage, drying shrinkage and plastic
shrinkage (Aly et al, 2008). It affects the time-dependent behavior and
reduces the volume of the concrete element. In the long term, it can cause
a deformation of concrete structures or a redistribution of internal forces.
When the ultimate tensile limit of concrete is reached, the durability and
serviceability of concrete members will be affected (Sun et al, 2019).
Shrinkage can also cause concrete cracking (Jason Weiss, 1998). If
displacement is prevented or restricted, severe cracking of a concrete
structure will occur (Au et al, 2007).

With the use of the theory of linear viscoelasticity, the time-dependent
effects on the behavior of composite steel-concrete beams are the subject
of many analytical and numerical research studies such as: Gilbert, 1989;
Partov & Kantchev, 2012, 2014; Tehami & Ramdane, 2009; Rahal et al,
2012; Souici et al, 2015; Beghdad et al, 2017; Furtak, 2015; Ranzi et al,
2013; Dunwen et al 2019; Cao et al, 2018; Al-Deen et al, 2015; Ban et al,
2015; Huang et al, 2018; Huang et al 2019ab; and others.

Presentation of the idea

Based on the theory of linear viscoelasticity, Rahal et al (Rahal et al
2012) proposed an analytical model analyzing the behavior, over time, of
composite steel-concrete beams subjected to concrete shrinkage. The
process consists of combining the static equilibrium equations and the two
compatibility relations, in curvature and in deformation, of the composite
steel-concrete cross-section with the differential (constitutive) equation
resulting from the creep rate theory (RCM). In this model:

1- to obtain the variation of the normal force N¢(t) and that of the
bending moment Mc(t) brought by the shrinkage of the concrete, which
solicit the concrete slab, it is compulsory to solve the system of two
differential equations below:

[1+ I ]nd(t) a.(1+np)l: dN, Mo (t)=0 0

nl, ) d¢  nl,  dg
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[&_&}M{iﬂfs +&aJ(1+np) dl\g(t) v

R PN ¢ @
Eshoo
+—== )+—N-(t)=E
I MC( ) Ac C( ) C b
Its solution is as follows:
Mc(t)=Cyay, )& +C,a, 0™ (3)
&
N (t)= Ciay, )'eM + Cz-az(zz)ew +%ﬂ (4)
1 P,

where C; and C, will be determined from the boundary conditions, and a;
and a; will be determined from the geometric and mechanical
characteristics of the composite cross-section.
The forces acting on the steel beam will be obtained by the static
equilibrium of the cross-section.
Ac: the cross section area of concrete in the slab.
As: steel beam area.
p: Reinforcement percentage (p = AdA.).
Aa: the area of the longitudinal reinforcement incorporated in the slab.
Ic: moment of inertia of the concrete slab.
Is: moment of inertia of the steel beam.
a: distance between the neutral axis of the steel beam and that of the
reinforced concrete slab.
bes: effective width of the reinforced concrete slab.
C.: distance from the slab centre of gravity to the neutral fibre of the mixed
section.
Cs: distance from the steel beam centre of gravity to the neutral fibre of the
mixed section.
E.: the modulus of tensile elasticity of concrete.
Es: the modulus of tensile elasticity of steel.
n: equivalence coefficient (n= Es/E. ).
gsn(t): the deformation due to concrete shrinkage. It can be determined
using calculation codes for concrete structures such as: EC2, ACI,
fib model code, etc.
Mc(t): bending moment in the concrete slab due to shrinkage.
Ms(t): bending moment in the steel beam.
Nc(t): normal force in the concrete slab due to shrinkage.
Ns(t): normal force in the steel beam.
This work seeks to significantly simplify this formulation so that it can
be easily used by engineers in design offices.
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Formulation of the proposed approach

Figure 1 shows the different components of the cross-section,
namely: the concrete slab, the steel beam, the reinforcement embedded
in the slab, and the shear connectors. For the formulation of the present
approach, Figure 1 shows various forces acting on the composite cross-
section.

Static equilibrium equations

At any instant t, the static equilibrium gives the following system of
equations:

S/ =0=>Ns (t)+Ne (t)=No (5)
> M /Gs=0=M;s(t)—N¢(t)xa+Mc(t)=Mo (6)

Under the effect of concrete shrinkage, the slab can therefore be
subjected to a normal tensile force on its neutral axis. Based on Hook's
law, this force can be obtained by the following relation (Eurocodes, 2006):

Ne (t) = A Ec 2 1)

o (7)

The relation (Eq.7) is introduced into the static equilibrium equations

(Egs.5 and 6) of the model proposed by Rahal et al (Rahal et al 2012),
therefore:

Ns (t)=—$A; Ec &an (t)-i— No (8)

Ms(t):%/sb Eq & (t)xa—M (t)+ Mo ©)

Since shrinkage does not depend on external loading, No and Mo are
cancelled and what is obtained is:

Ns(t)z—%ﬁb Ec & (1) (10)

Ms(t):n—ll_Ac Ec &sn (t)xa—Mc(t) (11)

n.: modular ratio for shrinkage.
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Figure 1 — Composite steel-concrete cross-section

Deformation compatibility

It is known that the curvature and the axial deformation of a beam are
related to displacements by kinematic expressions (Nguyen & Hijiaj, 2016).

There are two equations (Egs. 10 and 11) with three unknowns, Ns(t),
Mc(t) and Ms(t). From the first equation, Ns(t) is obtained. It remains to find
the expression of the bending moment Mc(t) acting on the concrete slab
and Ms(t) acting on the steel beam.

To solve this problem, the compatibility of strains at the steel-concrete
interface is exploited. This condition has been used by several researchers
in the formulation of their models, such as: (Partov & Kantchev, 2012,
2014; Tehami & Ramdane, 2009; Rahal et al, 2012; Souici et al, 2015;
Beghdad et al, 2017).

The deformation compatibility condition between steel and concrete
was used by Rahal et al (Rahal et al 2012 ) in the model which is sought
to be simplified. It translates into the following expression:

5o (1) = Ne(t) , Mc(t) o _ Ns(t) Ms(t) 12)
“VUEA Bl T EA Elg

In equation (Eq.12), Ns(t) and Ms(t) are replaced by their respective
expressions (Egs. 10 and 11); the expression of Mc(t) given by equation
(Eq.13) is easily found:
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axCs 1 1
Me (t) = (A& gSh(t)){ &l EAE A:}
n{

Ce CS}

(13)

Ecle Esl

Once Mc(t) is known, it is very simple to calculate the expression of
Ms(t) by averaging the expression (Eq:11).

Validation of the proposed approach

In order to validate the presented approach, the same composite
beam used by Rahal et al (2012) and Beghdad et al (2017) will be used to
validate their proposed models.

This beam was also analyzed (prediction of time-dependent effects)
and dimensioned in accordance with Eurocode 4 (Eurocodes, 2006). In
this example, the shrinkage parameters were calculated according to
Eurocode 2 (Eurocodes, 1992).

The geometric and physical characteristics of the treated example are
as follows:

bet = 3100 mm, tc = 250 mm, bx = 400 mm, tx = 20 mm, b = 400 mm, tp, =
30 mm, hy = 1175 mm, t, = 12.5 mm, Ac = 0.785 m?, As = 0.0346875 m?,
Aa =58.47 cm?, p = 0.0074, I = 0.004223633272 m*, |s = 0.0346875 m?,
Cc = 0.375 m,Cs = 0.451 m, a= 0.826m, E. = 33x10* MPa, Es =2.1x10°
MPa, HR = 70%, Grade of concrete = C30/37, and HR: relative humidity
in %.

Results

The results obtained by this approach are compared to the existing
model formulated by Rahal et al (Rahal et al 2012) and presented on the
diagrams in Figures 2 to 6.
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Figure 2 — Diagrams comparing the final stress (MPa) due to concrete shrinkage
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Conclusion

The work presented in this article consists of simplifying an existing
analytical model based on the aging theory of concrete. The use of the
analytical model requires laborious efforts, and several constants must be
calculated to determine additional stresses brought by shrinkage of
concrete in composite beams. Due to these difficulties, it seemed very
logical to simplify it and make it applicable with a minimum of effort while
ensuring the desired security.

The approach applied here is very simple for practical use through the
direct application of the developed expressions. By referring to the existing
analytical model, the presented approach does not require, as the
procedure shows, neither complicated mathematical calculations to be
made nor constants to be determined.

The main advantage of this simplified formulation is its compatibility
with any code or regulation for the calculation of composite steel-concrete
structures used in the world. This possibility is clear in equation (Eq.7), in
which it is enough to calculate the value of the specific deformation of the
shrinkage &sn(t) by the calculation regulation to be used such as: EC2, ACI,
fib model code, etc.
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It is clear that at any time t, the results obtained by applying the
simplified approach formulated here (Figs. 2 to 6) are completely
comparable to those resulting from the existing analytical model.

This idea can be further expanded to the case of composite beams
in partial connection under the effect of concrete shrinkage as well as to
the case of composite beams in full and partial connection under concrete
creep.
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Resumen:

Introduccién/objetivo: Se sabe desde hace mucho tiempo que los efectos
dependientes del tiempo, como la fluencia y la contraccién del hormigén,
influyen considerablemente en el comportamiento de las vigas mixtas de
acero y hormigon. Por lo tanto, es muy importante tener en cuenta estos
efectos al calcular la resistencia y seguridad de las vigas mixtas de aceroy
hormigén. Para ello se han establecido numerosas investigaciones tedricas
y numéricas para controlar este fenémeno. La mayor parte de estas
investigaciones presentan procesos y célculos laboriosos que requieren
técnicas complejas.

Métodos: Este modelo consiste en combinar las ecuaciones de equilibrio
estatico y las dos relaciones de compatibilidad, en curvatura y en
deformacion, de la secciébn compuesta acero-hormigén con la ecuacién
diferencial resultante de la teoria de la velocidad de fluencia (RCM). La idea
de este trabajo era tomar este modelo y simplificarlo para evitar
transformaciones matematicas dificiles.
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Resultados: Los resultados de este enfoque simplificado son muy
satisfactorios en comparacioén con los dados por el modelo analitico.

Conclusion: Para superar un nimero excesivo de célculos y diversas
dificultades asociadas con los métodos analiticos 0 numéricos para
calcular las tensiones adicionales provocadas por la contraccién del
hormigén en vigas compuestas de acero y hormigén, se ha propuesto aqui
una metodologia analitica simplificada que garantiza al mismo tiempo la
seguridad deseada. Este trabajo ha intentado simplificar un modelo
analitico existente basado en la teoria de la viscoelasticidad lineal
establecida en 2012.

Palabras claves: retracciébn, hormigon, acero, tiempo, enfoque
simplificado.
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Pesrome:
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SI8/16HUSI, MaKue Kak rosidyyecms U ycaldka 6emoHa, cyuecmeeHHO
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rnornepeyHoM  cedeHuu Cc  OughbepeHyuanbHbIM - YPasHEHUEM,
rosny4YyeHHbIM U3 meopuu ckopocmu ronsydecmu (CRM). Llenb daHHOU
cmambu 3aKodaemcs 8 yripouwjeHuu daHHol modenu 80 u3dbexaHue
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Pesynbmamel:  Pe3ynbmambl  yripoweHHo2o noodxoda okasasuch
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gsskoyripyeocmu u3 2012 2oda.
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nodxod.
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Capa 3aTtap®, Kaned benmaxau?, Xanuma Asen?

2 YHusepautet ,Myctada Ctambonu”, Oacek 3a rpahjeBUHapCTBO,
Mackapa, HapogHa [lemokpatcka Penybnuka Amxup

6 YHMBEp3NTET NPUPOOHNX HayKa 1 TexHonoruje,
JTabopaTopwja 3a MaLUMHCKe CTPYKTYPE U CTaBUNHOCT KOHCTPYKLUUje,
OpaH, HapogHa [lemokpaTtcka Penybnvka Amkunp

® YHuBep3uTeT ,Taxpn Moxamepn’, Opgerbete 3a apxuTekTypy u
yp6aHusam, bewap, HapogHa [lemokpaTtcka Penybnvka Amxkup

OBNACT: maTepujanu, rpaheBnHapcTBo
BPCTA YITAHKA: nperneagHu pag

Caxemak:

Yeod/yurs: lNosHamo je Oa rojase 3asucHe 00 spemeHa, rorym rysara u
CKyrrbarba 6emoHa, 3HamHO ymuydy Ha roHaware KOMMo3umHux epeda
00 venuka u 6emoHa. 3602 mozaa je eeoma axHo da ce y3my y 0b63up
MPUNUKOM U3padyHasara CHage U cu2ypHOCmU KOMIo3UmHux epeda 00
yenuka u 6emora. MHoza meopujcka U HyMepudka ucmpaxuearba umajy
3a Uurb KOHMmMposucare o08uxX rojasa. Y eehuHu mux ucmpaxueara
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3acmyrnsbeHU Cy KOMIMIUKO8aHU MPOUECU U UspadyHagara Koju 3axmesajy
ClI0XKeHe MexHUKe.

Memode: Osaj modernn KoMbUHYje jeOHa4uHe crmamudke pasHomexxe u 0ee
penayuje KoMnamuburmHocmu, 1o 3akpuerbeHocmu u o deghopmayuju,
ronpeyHoe rpeceka KoMmrosumHe epede 00 denuka u 6emoHa ca
ougbepeHyujarnnHoM jeGHa4YUHOM HacmasroM Kao pe3ysimam meopuje
bp3uHe ny3ara (CRM). Mogja je Oa ce osaj moder nojedOHocmasu Kako 6u
ce u3bearie KOMMNIUKOBaHe MamemMamuyke mpaHcgopmauuje.

Pesynmamu: Pesynmamu mnojedHocmaerbeHo2 npucmyna cy eeoma
3adoeosbasgajyhu y nopeherby ca pedynmamuma aHamumu4koa modesa.

Sakrbyyak: [a 6u ce usbezao eenuku 6poj padqyHCKUX onepayuja u
pasnudume mewkohe Koje npame aHanumu4ke unu Hymepudke memode
npu npoyeHu dAod0amHo2 Hanpe3ara ycrned cKyribaka bemoHa y
KomrosumHum 2pedama 00 dYenuka u 6emoHa, oeaj pad npedrnaxe
rnojedHocmaerbeHy aHanumuyky Memoodorsioeujy y3 obesbefusare
3axmeeaHe  cueypHocmu. [lokywaHo je  nojedHOCmas busare
rnocmojehee aHanumu4koz mModesia 3acHO8aHO2 Ha MeEopuju JlUHeapHe
guckoenacmu4Hocmu u3 2012. 2o0uHe.

KrbyyHe peyu: ckynbame, 6emoH, Yesuk, epeme, nojedHocmaerbeHu
npucmyi.
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Abstract:

Introduction/purpose: Geosynthetic materials have been successfully used
for soil reinforcement to improve bearing capacity. In this article, geotextiles
are used as tension material for the reinforcement of a mixture based on
dredged sediment from the Cheurfas dam (Mascara) and quarry sand.

Methods: Immediate bearing index tests were carried out in the laboratory
to study the mixing behaviour, and the three-point bending flexural test was
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carried out on prismatic specimens to study the traction capacity of the
mixture. Mixture samples are selected and tested without reinforcement.
Then, by placing one, two and three layers of geotextile at a certain depth
of the sample, the effects of a number of layers and type of geotextile and
geogrid on increasing the bearing capacity of the mixture are discussed.
Results: The results of these tests show that the bearing capacity of the
samples reinforced by geotextile and geogrid is increased compared to that
of the unreinforced samples. Based on the results obtained from Proctor-
IPI, their values do not permit the movement of construction machinery
during the construction of pavement layers. The Immediate Bearing Index
values are found sufficient for pavement layers. Geotextile infroduction
increases traction strength and improves stress distribution on soil samples,
with the effect being significant for woven geotextile blends.

Conclusion: All things considered, the results point to the possibility of using
reinforced local soils as an affordable and practical option for building
pavements. To guarantee long-term performance and optimise building
methods, more research is advised.

Key words: geotextile, sediment dredged, Cheurfas dam, soil
reinforcement.

Introduction

The uses of geotextiles in many engineering applications have
become more apparent proving to be an effective way to improve soil. In
the first applications in roads and airport runway constructions, the
emphasis was placed on the separation function of geotextiles. Resl &
Werner (1986) carried out laboratory tests on the soil reinforced with a
non-woven needled geotextile under axisymmetric loading. The results
showed that the geotextile layer placed in the middle can significantly
increase the bearing capacity of loose soils of the foundation. Fannin &
Sigurdsson (1996) studied the performance of an unpaved road reinforced
with different geosynthetics. Many papers have examined soll
reinforcement by geotextiles (Bergado et al, 2001; Raymond & Ismail,
2003; Park & Tan, 2005; Yetimoglu & Salbas, 2003; Patra et al, 2005;
Varuso et al, 2005). Current research mainly emphasizes the strength,
mechanism and bearing capacity of reinforced soil (Haeri et al, 2000;
Michalowski, 2004; Zhang et al, 2006; Madhavi Latha & Murthy, 2007;
Duncan-Williams & Attoh-Okine, 2008). Dredging sediments from the
Cheurfas Dam in Algeria were studied for their potential use in road
embankments. The sediments were analyzed for their physico-chemical,
mineralogical, and mechanical properties, and it was found that a
treatment with sand, lime, and cement was necessary for their valorization
(Bourabah et al, 2010). This article presents the immediate bearing index
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and the tensile strength by bending performed on a mixture of 35%
sediment and 65% sand reinforced by a geotextile and a geogrid placed
in one, two and three layers. It also compares the bearing capacity and the
tensile strength of unreinforced soil reinforced with geotextiles.

Material properties

The soil used is composed of sediments dredging of the Cheurfas
dam and quarry sand; the two materials are from the region of Mascara
(Algeria). The properties of these materials are shown in Table 1. In this
data base, sediments can be classified according to the Road Earthworks
Guide (GTR) in class A2 and sand in class B2. Three types of geosythetics
are used as reinforcement, a geogrid (Geol) made of polyester, a non-
woven geotextile (Geo2) and a woven geotextile (Geo3), both made of

polypropylene.

Table 1 — Geotechnical characteristics of the Cheurfas dam sediments

Table 2 — Geotechnical characteristics of quarry sand (Djbel Amanfous)
Characteristics Value
Maximum grains size, D max 2
(mm)
Grains size < 2mm (%) 100
Grains size < 80um (%) 11.01
Unit weight of solids, ys (KN/m3) 25.5
Methylene blue value 0.26
Visual sand equivalent value, ESV | 53
Piston sand equivalent value, ESP | 52

Characteristics Value
Unit weight of solids, ys (KN/m3) 25.17
Organic content, % MO (a 450°C) | 5.15
Methylene blue value 25.17
Liquid Limit, WL (%) 3.66
Plastic Limit, WP (%) 57
Grains size < 2um 27
2pm < Grains size < 80um 46%

80um < Grains size

49%
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Study of mechanical behavior

Compaction and bearing parameters depending on the
type of geotextiles

The experimental program includes three series of tests, depending
on the type of geosythetics, to study the effect of three selected
geosythetics (Photo 1) on the mechanical performance of lift. Each series
includes three cases of reinforcement, namely the number of layers (one,
two and three layers). During compaction, the geotextile material is placed
in the form of a disc. A new sample of geosythetics was used for each test,
to avoid any fatigue in the sample. Depending on the type of geosythetics
and the number of layers, Proctor tests were carried out for five water
contents between 8%; and 16%. The results of this program are presented
in the following curves, which are the results of the Proctor test, as well as
those of the IPl. The characteristics at the Proctor optimum are shown in
Table 3.

Geol Geo2 Geo3

Photo 1 —Geosythetics (Geol is a geogrid, Geo2 is a hon-woven geotextile and Geo3 is a
woven geotextile

On the graphs of IPI, w, and yq (Figures 1-3), it can be noticed that
the evolution of the compaction curve is substantially the same regardless
of the type of reinforcement, which means that the compactness of the
granulometrically corrected Cheurfas sediment reinforced by
geosynthetics is not influenced.

In terms of immediate bearing, it is noted that the measured values
decrease more rapidly with increasing water content after the optimum
Proctor, which indicates a sensitivity of the bearing with the water content.

The penetration resistance values of 2.5 mm and 5 mm were obtained
from the IPI curve corresponding to both unreinforced and reinforced
samples. The greater of the values calculated at 2.5 mm and 5 mm
penetration were taken.
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Figure 3 — Evolution of ya and IPI as a function
of w%, the soil reinforced by Geo3

Table 3 summarizes the density of the dry material and the
corresponding optimum water content, thus the desired values of IPI for
unreinforced and reinforced with the three types of geosynthetics by one,
two and three layers at optimum and at 98 % and 95% of the density of
the dry material.

Note that the optimum of the state hydric values is practically the
same. Thus the IPI values at the optimum and at 98% of y4 opm are below
the values recommended by the GTR guide, which means difficulty in the
movement of machinery on the site.

On the other hand, 95% vq40pm Values of the immediate bearing index
are much improved than those obtained at the optimum and also at 98%
of ydopm ; this increase is attributed to the decrease in water tuner.

This indicates that the integration of geosynthetics does not influence
the bearing capacity of the mixture. Under these conditions, it is
recommended, during the construction of pavement embankments, to take
the water tuner corresponding to 95% vd4 opm in Order to guarantee the
movement of machinery without difficulty.
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Table 3 — Summary of the Proctor-IPI test

Type of Number | Wopm | Ydopm (KN/m3) | IPlopm | IP1 98% IP1 95%
geosythetics of layers | (%) opm opm
Without 0 13.26 19.41 4 24 28
reinforcement
Geogrid 1 12.00 | 20.70 10 29 27
(Geol)

2 12.28 | 20.84 4 20 22

3 12.10 20.77 3 12 /
Non-woven 1 13.40 20.40 4 28 30
geotextile
(Geo2) 2 12.20 20.55 14 25 34

3 12.80 20.80 10 16 19
Woven 1 12.60 20.60 4 13 25
geotextle 2 12.80 20.70 3 12 /
(Geo3) ' :

3 12.30 20.70 5 14 23

Influence of geotextile types and numbers on flexural
tensile strength

An experimental procedure was carried out on prismatic specimens
to study the influence of the geotextile type and the importance of the
number of layers on the traction strength. In the presented experiment, the
mixture is humidified with an optimum water tuner of Proctor and made in
awooden mold (4x100x16 cm3) to achieve a prismatic (4x4x16 cm3) form;
at the same time, the geotextile is placed in one, two and three layers

(Photo 2).

Photo 2 — Sample maker
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The experiment consists of applying a vertical load (Photo 3a). At the
end of the test, the layers of the specimen reinforced by the geotextile
Geo3 are separated; on the other hand, the layers of the specimen
reinforced by the geotextile Geo2 stayed stuck to each other (Photo 3b),
which reflects the difference between the interfaces of a non-woven
geotextile which is rough and a woven geotextile which is smooth.
Consequently, it reflects the influence of the roughness of the geotextile
face on cohesion with the soil.

€Y (b)
Photo 3 — (a) bending of a test specimen,
(b)specimens after traction

The flexural tensile strength after 7 days is determined by the
following formula:
. 3F, - L
¥ a.b-h2
where:
F: the maximum load;
L: the free range;

b: the width; and
h: the thickness of the prism.

The experimental program consisted of two series, each series
consisting of three cases of reinforcement depending on the number of
layers.

The results of two series are shown in Figure 4 below:
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Figure 4 — Resistance t2o traction as a function of the number of layers (N)

Resistance to traction gradually increases with the number of
geotextile layers, reflecting the effect of scale on the specimens. In each
of the three cases of reinforcement, the tensile strength of the row
reinforced woth Geo2 shows a significant increase compared to the row
reinforced with Geo3. This shows the importance of the soil-geotextile
interaction: the roughness of the Geo2 geotextile produces cohesion with
the mixture, while no cohesion occurs due to the Geo3 geotextile. It is
noted that the rigidities of the geotextile have an essential role in improving
the tensile strength of the mixture.

Conclusion

The objective of this study is to contribute to the concept of safe,
durable, and sustainable services and to build economic systems from
reinforced indigenous soils for use in the road sector. The main findings of
this study are summarized as follows:

Based on the results obtained from Proctor-IPI, their values do not
permit the movement of construction machinery during the construction of
pavement layers. From a geotechnical point of view, It has been shown
that for 95% of the dry material density, the values of the Immediate
Bearing Index are usually sufficient for all cases of reinforcement to be
used in a pavement layer.

It appears from the traction test by bending, that the introduction of a
geotextile in the mixture leads to an increase in traction strength and to
improved stress distribution in the soil sample. This improvement is
observed for both types of geotextiles. Also, the improvement in strength
depends on the geotextile type. The effect is significant for the blend
reinforced by the woven geotextile (Geo2).
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CAMPO: mate,riales
TIPO DE ARTICULO: articulo de revision

Resumen:

Introduccién/objetivo: Los materiales geosintéticos se han utilizado con
éxito para reforzar el suelo y mejorar la capacidad de carga. En este articulo
se utilizan geotextiles como material tensor para el refuerzo de una mezcla
a base de sedimentos dragados de la presa de Cheurfas (Mascara) y arena
de cantera.

Métodos: Se realizaron ensayos de indice de carga inmediata en
laboratorio para estudiar el comportamiento de la mezcla y el ensayo de
flexion por flexion de tres puntos sobre probetas prismaticas para estudiar
la capacidad de traccién de la mezcla. Las muestras de mezcla se
seleccionan y prueban sin refuerzo. Luego, al colocar una, dos y tres capas
de geotextil a una cierta profundidad de la muestra, se discuten los efectos
de un nimero de capas y tipo de geotextil y geomalla en el aumento de la
capacidad de carga de la mezcla.

Resultados: Los resultados de estas pruebas muestran que la capacidad
de carga de las muestras reforzadas con geotextil y geomalla aumenta en
comparacion con la de las muestras no reforzadas. Segun los resultados
obtenidos de Proctor-IPl, sus valores no permiten el movimiento de
maquinaria de construccion durante la construccion de las capas de
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pavimento. Los valores del indice de Rodamiento Inmediato se consideran
suficientes para las capas de pavimento. La introduccion de geotextiles
aumenta la resistencia a la traccién y mejora la distribucion de la tensién
en las muestras de suelo, siendo el efecto significativo para las mezclas de
geotextiles tejidos.

Conclusion: Considerando todo esto, los resultados apuntan a la
posibilidad de utilizar suelos locales reforzados como una opcién asequible
y practica para la construccion de pavimentos. Para garantizar el
rendimiento a largo plazo y optimizar los métodos de construccion, se
recomienda realizar més investigaciones.

Palabras claves: geotextil, dragado de sedimentos, presa de Cheurfas,
refuerzo de suelos.

OKkcnepuMeHTanbHOE UccrneaoBaHMe MeXaHUYeCKoro NoBeaeHns
AOHHbIX OTMOXEHWI NNOTUHbI, YKPENEHHbIX FTE0TEKCTUNEM U
reopeLueTkamm

Asnu Mekcun?, koppecnoHaeHT, Moxammed CapoyH?, Xadxu HO3epa?,
Xaned benmaxan?, Om6u ByrysHuHa®
2 YuusepcuteT Tywmn Myctadbl Ctambynu, dakynbTeT Haykn 1 TEXHONOMMAM,
kadpegpa cTpouTensCcTBa,
JlabopaTopusi uccnefioBaHuns CTPYKTYpbl 1 MEXaHUKM MaTepraros,
r. Mackapa, Amxupckas HapogHas [JemokpaTtudeckas Pecnybnuka
6 YHuBepcuteTckui ueHTp Anb-basaa,
r. Anb-basaa, Amknpckaa HapoagHas OemokpaTtnueckas Pecnybnuka

PYBPUKA TPHTW: 67.09.00 CtpouTenbHble MaTepuanbl 1 u3genus
BWO CTATbW: o63opHas ctatbs

Pesrome:

BgedeHue/uenb:  [eocuHmemuyeckue  Mamepuasnbl  yCHAEWHO
ucrnonb3yromcesi 0Nsl YKpEernneHusi epyHma 3a c4em ro8bluEHUsT €20
Hecywel cnocobHocmu. B 0daHHOM uccriedosaHuu 2eomeKcmursib
ucronb3yemcsi 8 Ka4ecmee HamsiXXHo20 Mamepuarsa 0715 yKpernneHus
CMecu Ha ocHoge QOHHbIX omiioxeHul ninomuHsl Yeypgpa (Mackapa) u
KapbepHO20 necka.

Memodei: [psimbie ucnbimaHusi uHOekca Hecyuwjeli criocobHocmu
nposgodunuce 8 s1abopamopHbIX YCrIO8USX 8 pamkax UucrbimaHul
rnosedeHusi cmecu. VicribimaHue npoYHOCMU Ha MPexmoYeyHbIl u3aub
rpo8oousiock 8 YUMUHOpUYEeCKUX rpobupkax Orsi NpoeepKu mse2oeol
criocobHocmu QOaHHoU cmecu. Obpasubl cmecu b6biu omobpaHbl U
ucnbimaHbl 6e3 ykpernneHusi. 3amem Ha onpedeneHHoOU arybuHe 8
npobupky 6binu dobaesneHbl 00UH, d8a U MpU C/10s 2e0MeKCMuris ¢
uenbl uccredosaHUs  BMIUSIHUSI Konudecmea Cc/ioee U muna
2eomeKcmuris Ha Hecyuyr criocobHoCmb CMecu.
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Pesynsmambi: Pe3ynbmamsbi ucrbimarull rokasasnu, 4mo Hecyuwasi
crocobHocmb  06pasyos,  YKPENeHHbIX  2eomekcmunem U
2eopewlemkol, ysenuyueaemcsi o CPasHeHUI C HEeyKperseHHbIMU
obpasyamu. Pesynsmambi ucnsimaHul Proctor-IPl noka3zanu, 4mo ux
3HayeHusi He Oonyckarom O08UXEHUsT cmpoumesibHOU MeXHUKU fpu
yknadke crioeg OopoxHOU 00ex0bl. YcmaHo8rneHo, 4mo 3HaqyeHusi
rnokasamernsi Hecyulel crnocobHocmu AocmamoyHbl Ond  croes
OopoxHol 00exdbl. Mcrionb3oeaHue 2eomekcmuss rnosbiwaem
MPOYHOCMb CyeryieHusl U yrnydwaem pacripedesieHue Hazpy3ku Ha
obpa3subi 2pyHma, npudem sghghekm fiyyuie ebipaxeH y mkaHbix sUd08
2eomeKkcmurisi.

Bbigodbl: Yuumbsieas ece ob6cmosimenibemea, pesyibmamel yKka3bieaom
Ha 803MOXXHOCMb UCIMO/b308aHUS YKPENEHHbIX MECMHbIX 8UG08 2pyHmMa
8 Kadecmee Mpakmu4yHo20 U 3KOHOMUYECKU 8bl200H020 pelueHusi Ons
cmpoumesiscmea OOPOXHO20 rlofiomHa. PekomeHOyemcsi nposecmu
OanbHeliue uccriedosaHuss C Uenbilo  onmumMu3ayuu  Memodos
cmpoumeniscmea U 2apaHmupogaHusi  OnumesisHo20  CpoKa
3KCrTyamauyuu.

Kntoyesble criosa: eeomekcmusib, OOHHbIE OMIIOXEHUS, MI0OMUHa
Yeypgha, apmuposaHue epyHma.

EkcrnepumeHTanHo UcnuTBakbe MexaHU4Kor NnoHallara ceauMeHTa
AobujeHor nckonaBakeM GpaHe 1 ojayaHor reoTEKCTUIIOM U
reoMpexom

Anu Mekcn?, aytop 3a npenucky, Myxamad CapyH?, Xax Jysepa?,

Kaned Benmaxan?, Oméu ByreHuHa®

@ YHuBepauTeT ,MycTtaca Ctambonu”, ®akynteT Hayke 1 TeEXHonoruje,
Opcek 3a rpaheBnHapcTBO,
JlabopaTopuja 3a ncnutrMBame CTPYKTYpeE U MEXaHWKe MaTtepujana,
Mackapa, HapogHa Oemokpatcka Peny6nuvka Amxup

5 YuusepauteTtcku LeHTap En Bajaa,
En Bajag, HapogHa Oemokpatcka Peny6nvka Amxup

OBJIACT: matepujanu
KATEFOPUJA (TWUM) YNAHKA: nperneaHu pag

Caxxemak:

Yeod/yure: eocuHmemuydku Mamepujanu ce ycriewHo Kopucme 3a
ofayasarbe mra jep nobosbwasajy H-e208 Karnayumem Hocusocmu. Y
08oM pady 2eomeKkcmusu ce Kopucme Kao MeH3UOHU Mamepujan 3a
ojayasarbe MewasuHe cedumeHma dobujeHoz rpu uckornasary bpaHe
Yepgpac (Mackapa) u necka u3 kameHorioma.

Memode: Tecmosu HeriocpedHoe UHOeKkca Hocueocmu U38edeHU Cy Yy
nabopamopujckum  ycrioguMa |y  OKsUpy ucrumuearba [roHalara
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MewasuHe. Tecm Ha yepcmohy npu casujarby y mpu madke u3eedeH je Ha
npu3MamuyHUM eripysemama Kako 6u ce ucrumao Kanayumem mpakuyuje
Odame mewasuHe. Enpyseme mewasuHe cy udabpaHe u ucriumaHe 6e3
ojavarba. 3amum cy Ha odpeheHoj dybuHu enpyseme 0odamu jedaH, Osa
U mpu crioja eeomekcmurna u ucriumaHu ymuuaju 6poja crojesa u murna
eeomekcmuria Ha Karayumem HOCU8OCMU MeWasuHe.

Pesynmamu: [lokasaHo je 0Oa je Kanauumem Hocugocmu erpysema
ojadaHuUX e2eomekcmurioM U eeoMpexom rnoeehaH y ropehewy ca
Heoja4aHuUM enpysemama. Pesynmamu mecmoea [lpokmop-UTN
roka3syjy 0a Huxose epedHocmu He 00380sbasajy kKpemare epahesuHcke
MawiuHepuje MoKOM KOHCMPYKUUje KOSTIOBO3HUX criojesa. YmepheHo je da
cy 8pedHocmu HerocpedHoe UHAeKca Hocueocmu O080SbHE 3a KOST0803HE
criojege. Yeofjemse e2eomekcmuna nosehasa 3amesHy uspcmohy u
rnoborbwasa pacropehusare HarloHa Ha y3opuyuma mrna, rnpu 4yemy je koo
MmKaHuUXx epcma eeomekcmuria eghekam U3pakeHuju.

Sakrbyyak: Pesynmamu yka3syjy Ha moayhHocm Kopuwhera ojadyaHux
JIOKaIHUX muroea 3eMsbullima Kao Ha rnpakmu4Ho U UCriIamueo peliere
3a epafemse konoeosa. [llpenopydyyje ce Oarbe ucmpaxueare padu
onmumu3sauyuje memoda epaliera U 2apaHmosara rnepgopmaHcu y
Ayxxem riepuody.

KrbyuHe peuu: eeomekcmuri, uckornaHu cedumeHm, bpaHa Yepgbac,
ojavyar-e mra.
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Abstract:

Introduction/purpose: The military environment is characterised by high-risk
operations and activities that require a comprehensive understanding of
safety knowledge to ensure personnel’s well-being and effectiveness.
Indirectly, this scenario illustrates the military’s need fo prioritise adequate
safety and health management within their environment, just like other
organisations. The current scientometric review aims to analyse research
trends related to safety knowledge within military environments.

Methods: This review utilised ScientoPy and VOSviewer to comprehend the
nature of collected datasets from Scopus and Web of Science (WoS)
databases.

Results: The scholarly publication “Proceedings - |EEE Military
Communications Conference MILCOM” is renowned for its extensive
coverage of safety knowledge research for military environments. The
keyword “emergency preparedness” has significantly impacted the
thematic content of scholarly safety knowledge for the past three decades,
from 1990 to 2023, as previous researchers used it most frequently. Based
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on overlay visualisation mapping, the current review demonstrates that the
terms “emergency,” “COVID-19,” and ‘risk management” have been
accorded greater significance since 2020.

Conclusion: This study provides a thorough and worldwide perspective on
the crucial subjects of safety knowledge in military settings. It is aimed at
potential readers and researchers interested in better understanding these
concepts and conducting more rigorous research on military safety.

Key words: safety knowledge, military, scientometric.

Introduction

Navigating safety knowledge to military environments presents
various obstacles and possibilities, contradicting the common belief that
military settings prioritise physical safety, security, and defence activities
rather than encompassing  comprehensive safety and health
management like other organisations. A significant challenge is developing
simulations that accurately reproduce complex urban scenarios and
human behaviour, enabling training to manage unexpected situations
effectively (Blake & Nemergut, 2014). Also, developing adaptive virtual
environments that can dynamically alter scenario difficulty levels in
response to neurocognitive and psychophysiological states is an additional
challenge (De Jong et al, 2016). Nevertheless, amidst these challenges lie
opportunities for progress. For example, implementing risk-averse domain
adaptation (RADA) techniques can facilitate cautious adaptation in safety-
critical driving environments, streamlining domain adaptation processes
and bolstering safety (Parsons & Reinebold, 2012). Embracing systematic
learning from incidents (LFI) is another concern supporting organisational
growth by drawing lessons from technical challenges within military supply
chains and ensuring operational sustainability (Dyson, 2021).

Safety knowledge plays a crucial role within the military system, as it
not only ensures the successful completion of missions, but also
safeguards the personnel involved during the execution of combat tasks
(Wei & Kuo, 2023). This aspect is also evident in the general concept of
safety knowledge, which involves understanding the importance of
equipping individuals with the necessary information to operate safely and
adhere to established safety rules (Abdullah, 2022a). In this nexus,
militaries must clearly understand risks to safeguard the nation and its
people (Pettersson, 2009; Wei & Kuo, 2023).

Learning from past accidents and incidents is crucial in supporting this
facet, as this knowledge is instrumental in enhancing safety measures and
mitigating their consequences (Przybysz, 2020). Furthermore, the
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reliability of military vehicles is paramount for mission success and crew
members’ safety (Ertle et al, 2012). In order to ensure safe operation,
autonomous service robots operating in complex environments must be
capable of assessing operational risks and integrating safety knowledge
(Ertle, 2016). Given the inherent risks associated with military training,
effective risk management is imperative to guarantee the safety of troops
during high-intensity and high-difficulty training exercises.

Safety knowledge can enhance military operations by improving risk
perception and performance (Wei & Kuo, 2023). Military organisations
must have a comprehensive understanding of the risks associated with
their duties in order to effectively fulfill their responsibilities (Nosary & Adiati,
2021). Through training programs that instil safety knowledge, militaries
can develop a heightened sense of risk perception, thereby contributing to
improved safety performance (De Florio & Blondia, 2015). Safety
performance and behaviour are intricately intertwined due to the significant
influence that individual behaviours have on forming safety practices,
awareness, and perceptions in a given environment (Abdullah & Aziz,
2020). More specifically, this study focuses on the reciprocal enhancement
of safety knowledge and safety behaviors. It also should be emphasised
that a positive safety culture plays a mediating role in the association
between safety leadership and safety performance (De Florio & Blondia,
2015). By promoting safety leadership and fostering a supportive safety
culture, military organisations can establish an environment that values
and applies safety knowledge, enhancing operational outcomes
(Danielsson, 2020).

This study aims to perform a scientometric analysis to evaluate
publishing trends and research progress concerning safety knowledge in
military contexts. There is a critical need to undertake a scientometric
analysis of safety knowledge within military contexts to ensure a thorough
grasp of this field of study. Additionally, this analysis facilitates the
identification of essential works, enhances our comprehension, promotes
synergy, and offers guidance for future research endeavours in advancing
safety knowledge in military settings and cultivating environmental
awareness.

The subsequent research inquiries are indispensable in furthering the

present study's comprehension of previous research regarding safety
knowledge in military environments:
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1. What trends and patterns have been identified in  terms of the
guantity and characteristics of publications related to the
investigation of safety knowledge within military settings?

2. Which sources have been the most prolific in publishing research
on safety knowledge in military environments?

3. What are the dominant research themes or subjects that have
emerged in the investigation of safety knowledge in military
settings?

4. Which academic publications have had the most significant
impact on safety knowledge in military environments?

5. Which research institutions have made significant contributions
to the study of safety knowledge in military contexts?

Materials and methods

This study aims to review and analyse existing research on the
applications, capabilities, roles, and effects of safety knowledge in military
environments. To attain this goal, various techniques were utilised,
including implementing mapping analysis with VOSviewer and measuring
research trends with ScientoPy. This review retrieved Scopus and Web of
Science (WoS) datasets relevant to safety knowledge within military
environments. The resilient keywords illustrated in Table 1 were utilised
when populating the retrieved datasets. The datasets were searched
without any temporal restrictions until February 2, 2024. The Scopus and
WoS databases were used for this study due to their widespread use in
academia and research institutes for scientometric analysis (Abdullah &
Sofyan, 2023). These datasets are known for their comprehensive
coverage, high-quality data, detailed metadata, advanced analytical tools,
and global accessibility (Hafiar et al, 2024).

The current investigation employed ScientoPy and VOSviewer for
analysis and visualisation. ScientoPy is a scholarly-scientometric analysis
software platform that measures the rank of a study’s essential subjects,
authors, countries, and associated publications (Abdullah & Sofyan, 2023).
ScientoPy is also recognised as a Python-based programme for
scientometric analysis that is both publicly available and open-source.
Notably, an exceptional characteristic of the system is its pre-processing
component, which effectively removes any partiality present in individual
articles (Ruiz-Rosero et al, 2019). This pre-processing phase improves the
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legibility, precision, organisation, comprehensiveness, and
representativeness of the findings derived from a substantial volume of
Scopus and Web of Science (WoS) data. In this study, VOSviewer was
employed to create a co-occurrence map of the authors’ terms on safety
knowledge. It is crucial to provide accurate information on various themes
or issues previously studied and has influenced the research on safety
knowledge in military contexts worldwide (Abdullah, 2022b).

Table 1 — Search strategy for extracting data from the Web of Science and Scopus

databases
Database Search Strategy Records
Web of | Topic: (“Safety knowledge” OR “Safety expertise” OR 123
Science “Security awareness” OR “Risk management knowledge”

OR “Safety proficiency” OR “Protective know-how” OR
“Hazard awareness” OR “Safety understanding” OR
“Security competence” OR “Accident prevention knowledge”
OR “Health and safety awareness” OR “Safety protocol
knowledge” OR “Emergency preparedness” OR “Preventive
measures awareness” OR “Safety education” OR “defensive
awareness”) AND (“Military” OR “Army” OR “Soldiers” OR
“Armed Forces” OR “Defence Forces”)

Scopus Article Title, Abstract, Keywords: (“Safety knowledge” OR 230
“Safety expertise” OR “Security awareness” OR “Risk
management knowledge” OR “Safety proficiency” OR
“Protective know-how” OR “Hazard awareness” OR “Safety
understanding” OR “Security competence” OR “Accident
prevention knowledge” OR “Health and safety awareness”
OR “Safety protocol knowledge” OR “Emergency
preparedness” OR “Preventive measures awareness” OR
“Safety education” OR “defensive awareness”) AND
(“Military” OR “Army” OR “Soldiers” OR “Armed Forces” OR
“Defence Forces”)

Pre-processing of retrieved datasets

The currently used datasets were pre-processed to eliminate
duplicate entries and consolidate significant data using ScientoPy.
Diagram 1 shows the initial data collection findings, indicating a total of
353 unprocessed data items obtained from publications in Scopus and
WoS. Based on the findings, 31 articles, accounting for 8.80% of the
datasets, were excluded due to the use of the automatic document-type
filtering technique. Initially, 322 papers were detected, but duplicate
datasets were subsequently removed. The analysis discovered 101 cases
of duplication, which accounts for 31.40% of the dataset, within the Scopus
database.

873

Radzi, E. et al, Exploring cutting-edge research trends in safety knowledge within military environments, pp.869-895



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 2

A total of 221 papers were considered suitable for inclusion in the
current study. Among them, 118 papers (53.40%) were sourced from the
WoS, while the rest of 103 publications (46.60%) were sourced from
Scopus. Datasets containing over 100 components facilitated the
execution of scientometric analysis.

[ Identification of publications via Scopus and WoS databases ]

2 Records identified from*:
Es' .
= Databases (n = 353) > Record:crrizr? i\l/qeq before
E Scopus = 230 g Selection based orﬁJ Hocument
§ WoS =123

*

Loaded papers (n = 322) Omitted papers by duplicates
Scopus (201); WoS (121) > removal (n = 101)

¢ Scopus =98
- Total papers after omitted
b= duplicates (n = 221)
v
[&]
(%p]

Reports assessed for eligibility
(n=221)
\ 4
) Studies included in review
3 (n=221)
TJJ Scopus =103
2 WoS = 118
Diagram 1 — Flow diagram of the research of databases and registers
Results

The results of the present investigation sufficiently answer each of the
research inquiries delineated in the methodology segment.

The results are also presented using graphical visualisations
generated by ScientoPy and VOSviewer.
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Trends and patterns in publishing

This investigation examines the tendencies and configurations in the
dissemination of scholarly works pertaining to the intersection of safety
knowledge and military environments. More precisely, this section
examines the number of publications and the specific categories of papers
released within this particular sector. The data shown in Figure 1 portrays
the trends in developing safety knowledge in military situations as
documented in recent publications. The topic being discussed is relatively
new, as shown by the oldest article discovered in the Scopus database,
which dates back to 1991. No publications were documented in the WoS
database prior to 1992. Nevertheless, this number saw a significant surge
to 11 publications by 2023. Based on the statistics from the Scopus
database, the number of articles in 1991 was 3, but it significantly rose to
5 by 2023.

Figure 1 depicts the graphical representation of the timeline, which
demonstrates that the number of published works in both databases during
the period of 1996 to 2006 was fewer than four. Nevertheless, the data
from 2008 onwards reveals an upward trend in the WoS databases,
surpassing the Scopus database. The culmination of the number of
publications in both databases transpired in 2019. The noted phenomenon
could potentially be ascribed to the increased attention given to ecological
issues in the midst of the COVID-19 outbreak. Additionally, there has been
a discernible upsurge in the utilization of safety expertise within military
circles, with the aim of fostering awareness of environmental matters and
fostering camaraderie among individuals who encounter challenging
situations.

—@- Wos
14 Scopus

12 4

10 4

Number of documents

T T T T T T T T T 7
1992 1996 2000 2004 2008 2012 2016 2020 2024 2028
Publication year

Figure 1 — The evolution of publication growth (Source: Authors, using ScientoPy 2.1.3)
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Figure 2 shows a comprehensive overview of the extensively
analysed document types, by the objective of identifying the most pertinent
research on safety knowledge in military contexts, as examined in both
databases Referring to the information depicted in Figure 2, the types of
articles displayed a significantly increased count of documents, amounting
to 134. This constitutes 14% of the total number of the documents
published between 2022 and 2023. In contrast, conference papers
accounted for 39 documents. Both document categories encompass more
than 30 sources, surpassing the combined number of sources from
proceeding papers, reviews, and book chapters. The existing proof
suggests convincingly that a substantial amount of original investigation
has been conducted in this particular area, as evidenced by the increasing
number of scholarly publications dedicated to it. Additionally, it is crucial to
recognise that conference papers frequently function as condensed
iterations of extensive research publications presented at academic
conferences or gatherings. The literary conference circuit is characterised
by considerable attention and discussion surrounding safety knowledge in
military research.

Article

14%%

Conference paper

Proceedings Paper

Review

Early Access 100% I Before 2022
[0 Between 2022 - 2023

I T T T T T T T

0 20 40 60 80 100 120 140

Total number of documents, with percentage of documents
published in the last years 2022 - 2023

Figure 2 — Bar-trend graph of the document types (Source: Authors, using ScientoPy
2.1.3)

Prominent publishing titles

This investigation comprised the titles of sources that were
acknowledged for their remarkable effectiveness in terms of disseminating
scholarly articles on the topic of safety knowledge in military settings.
These titles were identified as the most productive among multiple sources
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of publications in this particular field. Figure 3 presents the top ten source
titles that were discovered in this investigation. The data presented in
Figure 3 indicates that a considerable portion of academic publications
centered on the amalgamation of safety knowledge and the military are
disseminated through esteemed scholarly journals and conference
proceedings. The source titles with a document count exceeding four
include “Proceedings - IEEE Military Communications Conference
MILCOM,” “BMJ MILITARY HEALTH,” “Disaster Medicine and Public
Health Preparedness,” and “TRANSFUSSION.” The publication
“Proceedings - IEEE Military Communications Conference MILCOM”
primarily focuses on disseminating safety knowledge within military
contexts. The journals “BMJ MILITARY HEALTH” and “Disaster Medicine
and Public Health Preparedness” are the second and third most prominent
sources of research on safety knowledge in military contexts, respectively.
Notably, the publication titled “Disaster Medicine and Public Health
Preparedness” has achieved a 40% dissemination rate, establishing it as
one of the most widely published works in the field from 2022 to 2023.
These three academic publications and conference proceedings are highly
esteemed and possess significant impact factors, indicating the presence
of research of exceptional quality. These publications and conference
proceedings disseminate the most comprehensive research on safety
knowledge in military contexts,"thus showing an increasing attraction for
both researchers and practitioners’.

Proceedings - IEEE Military Communications Conference MILCOM 0%
BM] MILITARY HEALTH

Disaster Medicine and Public Health Preparedness
TRANSFUSION

CHINESE JOURNAL OF TRAUMATOLOGY
EMERGENCY RADIOLOGY

Harefuah

Journal of business continuity & emergency planning

PREHOSPITAL AND DISASTER MEDICINE

Proceedings - IEEE Military Communications Conference I Before 2022
[ Between 2022 - 2023

o 2 4 6 8 10 12
Total number of documents, with percentage of documents
published in the last years 2022 - 2023

Figure 3 — The prolific source titles (Source: Authors, using ScientoPy 2.1.3).
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Emerging topics or themes in research

This study utilises ScientoPy and VOSviewer to evaluate the authors'
keywords and investigate the prevailing research trends and noteworthy
topics in the domain of safety knowledge in military contexts. Figure 4
showcases the top 10 keywords associated with safety knowledge in
military environments. The selection of words in the list is based on their
frequency of appearance in the papers, depicted by the blue bars.
Furthermore, the orange shade represents the proportion of articles
published in the past two years (PDLY - personnel-driven learning
activities), specifically in 2022 and 2023.

Based on the data presented in Figure 4, the phrase “emergency
preparedness” has the highest frequency, appearing in 21 papers with a
PDLY of only 9%. This finding emphasises the importance of
understanding and promoting heightened awareness of safety issues and
challenges in military settings. Recent studies have underscored the need
to enhance environmental consciousness through various means, such as
safety education, between 2022 and 2023.

The words "preparedness"” is the second most commonly utilised
expression, appearing in 9 papers. This observation underscores the
acknowledgment of safety information as potent instruments for advancing
safety and well-being among military personnel and organisations. The
PDLY of 11% signifies a considerable volume of research undertaken
within the last two years, centering on the evolving importance of safety
knowledge in fostering environmental awareness and education within
military contexts.

The word “COVID-19” appears in 6 papers, indicates the crucial
aspect of integrating practices and fundamental principles of sustainability
into efforts to enhance safety awareness in the military context. The 50%
PDLY signifies the growing importance attributed to incorporating safety
knowledge principles specific to military environments during the
pandemic era. This is directly relevant to enforcement entities currently
facing new challenges in enforcing government-imposed movement
control orders (MCO).

The inclusion of terms such as “disaster,” “education,” “security,”
‘emergency management,” and “terrorism” contributes to a more
comprehensive understanding of the subject area. However, there is
currently no research that combines these words with safety awareness in
military contexts, as indicated by the existing PDLY. The differing
guantities of papers and PDLY that have been identified in this particular
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study indicate distinct areas of research interest and the continual
development of safety knowledge within the context of military studies.

Emergency preparedness 9%
preparedness
COovID-19

emergency

Disasters 0%

Education 0%

Safety %6

emergency management 0%

terrorism 0%

I Before 2023

0% [ Between 2023 - 2024

triage

k T T T T T
o 5 10 15 20 25
Total number of documents, with percentage of documents
published in the last years 2023 - 2024

Figure 4 — The bar-trend graph of the research themes and topics emerging (Source:
Authors, using ScientoPy 2.1.3).

The current research utilised the VOSviewer platform to understand
the interconnections among the keywords used in previous studies.
Analysing the different various correlations among the main keywords
studied since 2010 is crucial. As depicted in Figure 5, the examination of
authors' keyword co-occurrence was conducted with a minimum threshold
of 3 instances for each term. Out of the 431 terms, only 17 met this
threshold. The examination of author-selected terms holds significant
value for researchers seeking to ascertain patterns in research.
Furthermore, it is essential to recognize the importance of author keyword
analysis when assessing the progress of research subjects. The study
utilized VOSviewer to conduct mapping analysis within the context of
keyword analysis. The VOSviewer software visually depicts the concurrent
occurrence of these terms, as depicted in Figure 5. The configuration of
nodes within this visual network denotes the degree of interconnection
among words or concepts. Every node represents a unique phrase or idea.
The overlaid visualization, exemplified in Figure 5, underscores the
dominance of the terms "covid-19," "risk management," "safety," and
"emergency" throughout the year 2020. These keywords mirror the
prevailing focus on safety knowledge within military domains.
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Figure 5 — The visualization of the overlapping keywords co-used by authors (Source:
Author, using VOSviewer 1.6.19)

The Most influential academic works

Traditionally, the impact of a publication on a discipline was evaluated
based on its citations per publication. Citations indicate how many times
an article is referenced in all the documents within a database. During the
pre-processing stage, ScientoPy was employed to gather the number of
citations originating from the Scopus and WoS databases. The top ten
papers concerning safety knowledge in military environments, which have
garnered a minimum of 48 citations, are displayed in Table 2. The paper
titted “Experiences in Hardware Trojan Design and Implementation” by Jin
et al. (2009) received the highest citations, reaching a total of 164.

The second highest number of citations was obtained by Stevelink et
al, (2018), the authors of the paper “Mental health outcomes at the end of
the British involvement in the Iraq and Afghanistan conflicts: A cohort
study,” which amassed 150 citations. Close behind, the article “Weapons
of mass destruction events with contaminated casualties - Effective
planning for health care facilities” by Macintyre et al, (2000) accumulated
138 citations, ranking it as the third most frequently referenced publication.
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Table 2 — The top ten most cited papers

No Source Title Citation Document
count type
1. (Jinetal, 2009) Experiences |n"Hardware Trojan Design and 164 Conference
Implementation
(Stevelink et al “Mental health outcomes at the end of the
2. 2018) ' British involvement in the Iraq and 150 Articles
Afghanistan conflicts: A cohort study”
(Macintyre et al “Weapons of mass destruction events with
3. 2000) Y ' contaminated casualties - Effective planning 138 Articles
for health care facilities”
(Ghafir et al, “Security threats to critical infrastructure: the .
4 2018) human factor” 97 Articles
(Boukerche et al,  “Secure localisation algorithms for wireless .
5. 2008) sensor networks” 94 Articles
6. (Schmaljohn, “Vaccines for hantaviruses” 68 Articles
2009)
(Sharp et al “Medical preparedness for a terrorist incident
7. 1998)p ’ involving chemical or biological agents during 58 Articles
the 1996 Atlanta Olympic games”
(Garbutt et al “Evaluation of an Instrument to Measure
8. ! Nurses’ Familiarity with Emergency 51 Articles
2008) »
Preparedness
9 (Phillips et al, “Disaster threat: Preparedness and potential 48 Articles
) 2011) response of the lowest income quartile”
10 (Howell, 2011) The Demise of PTSD: From Governing 48 Articles

through Trauma to Governing Resilience”

Productive institutions

The data analysis presented in Figure 6 sheds light on the inclusion
of a considerable number of top-ranked colleges. Notably, the Royal
Centre for Defence Medicine in the United Kingdom stands out as the
leading institution, having published the highest number of articles, totaling
five, surpassing its counterparts. Two universities, namely the Uniformed
Services University of Health Sciences in the United States and the
University of Ottawa in Canada, have collaborated to produce a combined
total of four scholarly articles. In contrast, the remaining institutes have
published fewer than three publications. Such achievements serve as a
testament to the exceptional quality and effectiveness of these institutions
within their respective academic domains. Furthermore, this occurrence
highlights the worldwide aspect of scholarly cooperation, as educational
institutions from different nations have equally contributed to the progress
of research and dissemination of information.
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Figure 6 — The ten leading institutions in terms of productivity (Source: Authors, using
ScientoPy 2.1.3)

Discussion

Given the limited existing research on evaluating safety knowledge
articles in military situations using scientometric methods, conducting a
comprehensive analysis of current studies utilising analytical techniques
would be a valuable addition to the field. This study aims to investigate the
present condition of investigations regarding safety knowledge in military
situations worldwide while offering essential insights into academic
collaboration through a visualisation approach that illustrates the
relationships between significant studies and researchers in the field. This
is achieved by examining the most frequently cited papers.

Scientometric investigations, which employ analytical methods, are
crucial for a comprehensive understanding of specific areas of study.
Scientists are able to analyse patterns in scientific research pertaining to
a particular subject or discipline. This involves evaluating the growth of
published literature, identifying prevalent topics, scrutinising the sources
of these works, and categorising different types of papers. Furthermore,
they have the capability to provide valuable advice to fellow researchers in
the same field by pinpointing research organizations and individuals who
have showcased their proficiency in their research pursuits. The use of
knowledge components pertaining to safety is vital in enhancing military
safety environments and enhancing the distribution of pertinent details
about environmental consciousness and its connected fields issues, which
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are currently widespread. These phenomena can be identified by
analysing the dominant research subjects and themes in this study.
Consequently, researchers can examine the present state of the subject

to identify potential contributions and novel approaches for future research.

The study findings regarding the concentration of security knowledge
within the military domain yield valuable insights into the publishing
patterns and observed trends within this specific sector. Figure 1
demonstrates that an examination of the increase in publications indicates
a steady rise in research activities concerning this subject, starting from
2005. Publications have experienced a substantial increase since 2018, a
rise that can be attributed to the heightened attention on ecological
concerns, specifically during the COVID-19 outbreak. It is actively utilised
in the implementation of the Movement Control Order (MCO) as a safety
precaution, adapting safety protocols to the existing safety policy.

According to Chirindza & Mangona (2022), the primary factor
influencing the adoption of safety knowledge in military environments
during the COVID-19 pandemic crisis is the environmental context. The
discovery of this information possesses significant consequences for
individuals responsible for making decisions and professionals who aim to
comprehend the factors that impact the execution of safety knowledge.
Thus, in military environments, it is crucial to provide accurate and
comprehensive information about COVID-19, highlight the severity of the
disease, and address cognitive and socio-structural factors in order to
raise awareness and promote behavioral changes among military
personnel to protect against COVID-19 (Hein et al, 2021). Therefore, the
increase in publications since 2018 suggests a significant impact of the
COVID-19 pandemic on safety knowledge in military environments. This
phenomenon has also received considerable attention in the field of safety
knowledge over the past two years.

Figure 2 depicts the prevalence of journal articles as the primary type
of documents generated within this sector. This observation suggests that
the advancement of safety knowledge in military contexts heavily relies on
original research and academic discourse. The profusion of papers
indicates the considerable focus and discourse encompassing this topic in
educational and conference settings. According to Garousi and Fernandes
(2017), as cited by Abdullah (2023), journal publications receive an
average of 12.6 citations, whereas conference papers receive an average
of 3.6 citations. This finding supports the conventional belief that, overall,
scholarly journal publications have a greater impact than conference
papers. Journal papers offer several advantages as sources of study
findings. They confer recognition and status upon the authors and their
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work (Vadhera et al, 2022). Furthermore, journal papers undergo a
rigorous evaluation process to ensure the high quality of the research
(Gustafsson, 2022).

Figure 3 illustrates that esteemed scholarly publications and
conference proceedings play a crucial role in effectively disseminating
safety knowledge in studies related to the military. Noteworthy sources
include reputable journals such as “BMJ MILITARY HEALTH” and
conference papers like “Proceedings - IEEE Military Communications
Conference MILCOM”. The substantial impact factor and publication
volume of these sources attest to the growing significance and relevance
of safety knowledge in military research, piquing the interest of
researchers and practitioners alike. This can be attributed, in part, to the
fact that articles published in prestigious and influential journals tend to
garner more citations. It is therefore advisable for researchers to submit
their scientifically rigorous work to these journals, in order to enhance the
impact and visibility of their studies (Achugbue & Tella, 2023; Bahadoran
et al, 2020). The utilisation of policy tools within national research
assessment systems, academic promotion processes, and competitive
funding schemes may also impact the number of published articles. Policy
tools, such as interest registries, can play a role in identifying and resolving
conflicts of interest that may influence publication practices (Kianersi et al,
2023). It is worth noting that the increase in publication numbers has not
been accompanied by a decline in publishing quality, as assessed by
scientometric indicators.

Figure 4 portrays the primary domains of investigation and emerging
apprehensions pertaining to safety comprehension within military settings.
The phrase "Emergency preparedness" is notably prominent as the most
frequently employed keyword, emphasizing the significance of promoting
consciousness regarding environmental dangers and difficulties. The
extensive utilization of the term "Emergency preparedness” in
contemporary studies on safety knowledge within military contexts
suggests that academics and experts acknowledge the importance of
employing safety knowledge to augment individuals' awareness of matters
within a military framework. According to Kao et al, (2019), improving
safety knowledge in a military setting can effectively enhance individual
awareness of specific concerns. This can be achieved through targeted
education and training initiatives, which provide knowledge and teach
individuals the essential skills needed to demonstrate appropriate behavior
in dangerous situations (Szykula-Piec et al, 2020). Furthermore, fostering
a culture of psychological safety can facilitate the exchange of information
and enhance coworkers understanding (Barbara et al, 2020). Therefore,
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the purpose of implementing safety knowledge in military settings is to
minimise preventable injuries and illnesses, increase the success of
missions, and improve combat efficiency. Gaining an understanding of
safety is essential for maintaining secure functioning in complex and
hazardous environments.

Additionally, the analysis of the co-occurrence of keywords by means
of VOSviewer, as illustrated in Figure 5, provides clarification regarding the
interconnection between different research topics and concepts. The
growing importance of terms such as "emergency," "Covid-19," and "risk
management" in recent times highlights the changing research focus and
the significance of safety-related knowledge in promoting environmental
consciousness and education. The frequent utilisation of the term
“emergency” in scholarly discussions implies a recognition of the necessity
to disentangle safety from its survival-centric rationale and to challenge the
exceptionalist model in the study of emergencies (Kurylo, 2022). The
concept of emergency has been presented and anticipated in a multitude
of contexts, exerting influence on societal priorities and reshaping
measures for mitigating risks (Seebach & Beriain Bafiares, 2021). An
examination of safety knowledge in emergency scenarios can be achieved
by investigating the dynamics of leadership development within military
contexts (Vallikannu et al, 2023). Researchers in the military field,
including psychologists, sociologists, and economists, have conducted
studies on organisations that may offer valuable insights to the safety and
engineering communities (Vallikannu et al, 2023). The safety and
engineering communities can enhance their understanding of safety
knowledge in emergency scenarios by leveraging the insights gained from
research on military organisations (Li &amp; Chen, 2018). This research
subject exemplifies a burgeoning scholarly interest in comprehending the
emergency dimension of environmental concerns and employing
approaches from emergency studies to gain significant insights into the
attitudes and perspectives of military personnel.

The prevalence of the term "Covid-19" in the examination of keyword
co-occurrence suggests that it is widely acknowledged as a significant
determinant throughout the worldwide Covid-19 pandemic spanning from
2020 to 2022. This recognition holds importance in terms of adapting
safety knowledge in the military environment and promoting environmental
awareness and education. The impact of the COVID-19 pandemic on the
understanding of safety knowledge in military settings is evident, as it
presents new challenges and obstacles for healthcare professionals and
workers. The working conditions at military hospitals have undergone
changes, including increased infection risks, inadequate staffing, and
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excessive workloads, all of which can influence safety knowledge and
practices (Midboe et al, 2023). External influences on safety knowledge
and decision making have a significant impact on the military’s decision to
deploy during the pandemic (Dietrich et al, 2023). Customised measures
were implemented in military basic training to prevent epidemics,
emphasising the importance of tailored strategies in military environments
to ensure safety (Espafia et al, 2022). Understanding the knowledge,
attitudes, and behaviours of military personnel regarding COVID-19
prevention is crucial in identifying areas that require improvement and
addressing any vaccine hesitancy (Woolley et al, 2023). Therefore, by
cultivating a thorough comprehension of the environmental awareness
within military personnel, the acquisition of safety knowledge can serve as
a potent means of conveying information and viewpoints on both current
and emerging environmental issues.

The results presented in Figures 4 and 5 are supported by the
significant occurrence of terms related to emergency preparedness,
emergency, and COVID-19. These findings demonstrate the evolving
focus of research and emphasise the importance of safety knowledge in
improving situational awareness and education in military contexts. An
examination of keyword co-occurrence provides useful insights into the
interrelationships among different study subjects and ideas, eventually
augmenting the comprehension of the level of safety consciousness
among military personnel with respect to environmental concerns.

Table 2 illustrates an aggregation of significant academic articles,
ordered based on the number of citations acquired per article. These
highly cited works provide valuable insights into the current state of safety
knowledge in military environments. The publication titled "Experiences in
Hardware Trojan Design and Implementation” by Jin et al. (2009) has
received the highest number of citations, indicating its significant impact in
the field. Publications that receive a substantial number of citations
indicate widespread use and recognition within the academic community.
Hence, these notable publications serve as significant assets for scholars
aiming to comprehend the present condition of safety comprehension in
dialogues connected to military situations. They aid in moulding the course
of research and progressing the established knowledge pool.

The examination of efficacious establishments, as illustrated in Figure
6, elucidates the noteworthy contributions rendered by diverse
establishments throughout various nations. “The Royal Centre for Defence
Medicine, Uniformed Services University of Health Sciences”, and
“University of Ottawa” have consistently demonstrated their dedication to
researching safety knowledge in military contexts, as evidenced by the
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publication of four or more articles. This consistent output serves as a
testament to their unwavering commitment and outstanding performance
in these domains.

Based on the aforementioned findings and discussion, it is evident
that safety knowledge plays a critical role as a mediator in the relationship
between safety management practice and safety performance, particularly
in military situations (refer to Figure 7). The link between safety
management practice and safety performance is influenced by safety
knowledge (Jo et al, 2023; Sandora et al, 2023). The research suggests
that safety management technigues have a positive and significant impact
on safety performance, and this impact is mediated by safety knowledge
(Saleem & Malik, 2022). Safety management methods encompass the
implementation of safety training, installation of safety signage, updating
of standard operating procedures, and conducting safety discussions and
briefings (Kalteh et al, 2022). The research proposes that safety
regulations should prioritise tangible measures instead of solely focusing
on risk awareness in order to enhance safety performance (Kalteh et al,
2022). Furthermore, responsible leadership has the potential to improve
safety performance in situations where the safety climate is lacking or
there is a low level of safety awareness. Safety knowledge is essential for
effectively implementing safety management techniques and enhancing
safety performance, particularly in military settings.

Safety Knowledge

Safety Management

) > Safety Performance
Practice

Figure 7 — Role of safety knowledge as a mediator in the research framework

Conclusion

This investigation has significantly bolstered the comprehension and
practices connected to safety knowledge in military circumstances via the
utilization of scientometric analysis. By examining publication patterns,
research subjects, influential publications, and productive institutions, this
examination has supplied valuable observations into the current state of
research in this domain. The discoveries of this examination emphasize
the expanding emphasis on safety knowledge in military settings, as
demonstrated by the steady rise in research endeavors over time. The
identification of the key research subjects, for example, "emergency
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preparedness,” and the acknowledgement of the importance of safety
information, for example, emergency response, as practical means of
promoting environmental awareness, underscores the critical significance
of safety knowledge in addressing issues in military scenarios. Moreover,
the evaluation of notable scholarly publications, considering their citation
count, has unveiled a collection of seminal articles that have significantly
influenced the discipline. These publications function as indispensable
resources for scholars and practitioners striving to grasp and contribute to
the comprehension of safety in military situations.

While this study has the potential to make a significant scholarly
contribution to the understanding and implementation of safety measures
in military environments, it is important to acknowledge the inherent
limitations of this research endeavor. The use of the WoS and Scopus
databases may inadvertently result in the exclusion of relevant literature
on the subject matter. Additionally, the scientometric approach used in this
study primarily focuses on quantitative data, specifically the quantitative
assessment of publications and citations. However, it is of paramount
importance to acknowledge that the qualitative elements of the articles,
such as the overall excellence of the investigation or the importance of the
discoveries, are not fully encompassed within this theoretical structure.

Future investigation should strive to rectify these constraints by
integrating a more extensive array of datasets and undertaking a more
exhaustive assessment of the caliber and influence of the articles.
Additionally, it is recommended that future studies focus on exploring
specific subcategories of safety knowledge within military contexts. For
example, research could center on assessing the effectiveness of various
strategies for promoting environmental awareness through safety
knowledge or analysing the influence of enforcement entities on the
adoption of environmentally-friendly practices. The use of scientometric
analysis in the field of safety information in military settings offers a
valuable approach to understanding publication patterns, research trends,
and significant works in this area. This information can be used to inform
future research endeavors, provide guidance to practitioners in
implementing effective solutions, and contribute to the development of
safety awareness and environmental sustainability within military culture.
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Resumen:

Introduccién/objetivo: El entorno militar se caracteriza por operaciones y
actividades de alto riesgo que requieren una comprension integral de los
conocimientos de seguridad para garantizar el bienestar y la eficacia del
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personal. Indirectamente, este escenario ilustra la necesidad de los
militares de priorizar una gestion adecuada de la seguridad y la salud
dentro de su entorno, al igual que otras organizaciones. La actual revisién
cienciométrica tiene como objetivo analizar las tendencias de investigacion
relacionadas con el conocimiento de la seguridad en entornos militares.

Métodos: Esta revision utilizd ScientPy y VOSviewer para comprender la
naturaleza de los conjuntos de datos recopilados de las bases de datos
Scopus y Web of Science (WoS).

Resultados: La publicacion académica “Proceedings - IEEIEEE Military
Communications Conference MILCOM” es reconocida por su amplia
cobertura de la investigacion del conocimiento de seguridad para entornos
militares. La palabra clave “preparacidon para emergencias” ha tenido un
impacto significativo en el contenido tematico del conocimiento académico
sobre seguridad durante las Ultimas tres décadas, de 1990 a 2023, debido
a que los investigadores anteriores la habian utilizado con mayor
frecuencia. Basado en un mapeo de visualizacion superpuesto, la revision
actual demuestra que a los términos “emergencia”, “COVID-19” y “gestién
de riesgos” se les ha otorgado una mayor importancia desde 2020.

Conclusion: Este estudio proporciona una perspectiva exhaustiva y
mundial sobre los temas cruciales del conocimiento de seguridad en
entornos militares. Esta dirigido a lectores e investigadores potenciales
interesados en comprender mejor estos conceptos Yy realizar
investigaciones mas rigurosas sobre seguridad militar.

Palabras claves: conocimientos de seguridad, militar, cienciométrico.

AHanma coBpeMeHHbIX Hay4HbIX TEHAEHLMI B UCCNEAOBaHUSAX B
obnactn 6e3onacHOCTM B BOEHHON cpefe

Onuac M. Pagsn?, koppecnoHAEeHT,
Xaupyn X. A6aynnaxS, ®asznu Llax A. Aans®

YHuepcuteT YTapa, Manawnsus, Konnegx 6usHeca YYM,
Lkona ynpaeneHust n 6usneca, Kyana-Ilymnyp, Mananaus

a[lporpamma ynpaBreHus OXpaHoW Tpyaa v 300pOoBbS
6 LleHTp nepefoBOro onbiTa ynpasneHus couranbHeiM obecnedeHnem

PYBPUKA MPHTU: 78.19.01 O6Lwne BONpoChl BOEHHON HayKu
BWO CTATbW: 0630pHas ctaTtes

Pe3some:

BeedeHue/uenb: BoeHHas cpeda xapakmepHa o onepauusim c
8bICOKUM YypOBHEM pucka U rno sudam OesimesibHOCMU, mpebyroujux
8CECMOPOHHE20  MOHUMaHUsi — mexHuku  6e3onacHocmu  padu
obecrnievyeHusi brazonony4dusi u aghghekmusHocmu riepcoHana. Takou
cyeHapuli KOCBEHHO UIoCmpupyem HeobxoOumMocmb MOCBSIUWEHUS
0coboeo BHUMaHUs1 Haldnexauwemy yrnpasrieHuro 6e30MacHOCMbIO
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mpyda u oxpaHe 300p08bsi 8 BOEHHOM CEKMOpe, makxe, Kak 3mo
Odenraemcs 8 Opyaux opeaHusauusix. Llenbro daHHO20 Hay4yHO20 0630pa
sensemcsi  aHanu3 meHOeHUul 8 uccriedosaHusix — obnacmu
b6e3onacHocmu 8 80eHHOU cpede.

Memodbi: B daHHoU 0630pHOU cmambke ucrnosib3osasuck ScientoPy u
VOSviewer 0511 noHUMaHusi xapakmepa Habopos daHHbIX, COOPaHHbIX
u3 6a3s daHHbIx Scopus u Web of Science (WoS).

Pesynbmamsbi: Hay4Hoe u3daHue “Proceedings - |EEE Military
Communications Conference MILCOM” uzgecmHo cgeoum O6WUPHBIM
oceeuwieHuem uccredosaHuli 8 obnacmu 6e30nacHOCMuU 8 80EHHOU
cpede. Knwouyesoli mepmuH “2omosHOoCMb K 4Ype3sbldalHbIM
cumyayusim” oka3asio 3Ha4dumesibHoe 6/USIHUEe Ha MmeMamu4yeckoe
codepxxaHuUe HayyHbIX nybnukauul no b6e3zonacHocmu 3a rnocriedHue
mpu decamunemusi ¢ 1990 no 2023 200, nockosbKy uccriedogamernu
€20 ucrnosib3oeasnu eecbma Yacmo. brnazodaps npumeHeHuro memoda
8U3yarnibHO20 HarnoxeHuss Kapm OaHHbIl 0630p HeOd8YCMbICIIEHHO
rokasbigaem, 4ymo ¢ 2020 200a mepMuHbI «4pe3sbiHaliHas cumyayus»,
«covid-19» u «ynpasneHue puckamu» cmanu 6onee 3Ha4uUMbIMU.

Bbigodbl:  [JaHHOe uccnedosaHue npedcmasnsem coboli
8CeCmMoOpoHHUl OemaribHbIli 0630p Ba)KHeUWUX acrnekmos 3HaHul o
besonacHocmu 8 8oeHHol cpede. OHO npedHasHa4yeHo Ons
rnomeHyuasnbHbIX yumamerneu u uccnedosamered,
3aUHMepPEecoB8aHHbIX 8 JyqYlWeM [OHUMaHuu 3mux KoHuenuul u
nposedeHuu b6onee muamernbHbIX uccriedosaHuli 8 obrracmu 80eHHOU
besonacHocmu.

Knoyesble crioga: 3HaHuss O 6e30racHOCMU, B0OPYXEHHbIe Culflbl,
Haykomempu4eckue daHHbIe.

AHanusa HajcaBpeMeHujux TPEHAO0BA Y UCTPaXUBaHY 3Haka 0
6e36e4HOCTUN Y BOjHUM OKpYyXehnma

Enuac M. Pauu?, ayTtop 3a npenucky,
Aupyn X. A6aynax®, ®aznu Llax A. Asnz®

YHuBepauteT YTapa Manesuja, Koney 6usHuca YYM,
LLikona 3a nocnoeHu meHaymeHT, Kyana Jlymnyp, Maneauja

a Mporpam ynpaBrbarwa 6e36egHowWwhy 1 3apaBrbem Ha pagy
6 LieHTap 13BPCHOCTYM 3a ynpaBrbake CoLujariHim Ocurypar-em

OBJIACT: BojHe Hayke
KATEITOPUJA (BPCTA) YITAHKA: npernegHun paa
Caxemak:

Ye0d/yurb: BojHO OKpyxxere Kapakmepuwy onepayuje U akmusHocmu
8UCOKO2 pu3uKa Koje 3axmesajy ceeobyxgamHo pa3yMesaH-e 3HaHa O
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be3bedHocmu padu obesbehusara cuzsypHOCmMU U eguKkacHocmu
ocobsrba. MIHOupekmHo, o8aj cueHapuo usrycmpyje nompeby eojHoe
cekmopa Oa Oa rnpuopumem adekeamHOM yrnpassbaky y obrnacmu
b6e3bedHocmu u 30paesba y C8OM OKPYXXEHsY, KaO Wmo mo HuHe U
Opyee opeaHuszayuje. Oeaj cuueHmMomempujcku npeaned uma 3a Yusb
Oa aHanu3upa mpeHdose y ucmpaxueamy 3Hama 0 beszbedHocmu y
8OJHUM OKPY)KeHUMa.

Memode: Y pady ce kopucme ScientoPy u VOSviewer kako 6u ce
pasymena rnipupoda caKyrn/beHux cKyrnoea rodamaka u3 b6a3sa
nodamaka Scopus u Web of Science (WoS).

Pesynmamu: HayyHa nybnukauuja ,300pHUK pafoBa ca KoHpepeHLmje
MEEE o BojHuM caonwTtewmma MILCOM” nosHama je no ceom
OrceXXHOM ucmpaxusary y obrnacmu 6e36e0HOCHO2 3Harba y 80jHUM
oKpyxeruma. Krby4YHU mMepMUH TNPUNPEMIBEHOCT 3a BaHpenHe
cuTyaumje umao je 3HadajaH ymuuaj y memamckum cadpxajuma
Hay4yHux nybnukayuja o 3Hamy 0 be3bedHocmu y rnocnedwe mpu
deueHuje, 00 1990. do 2023. e00uHe, jep cy ea ucmpaxuea4u eeoma
yecmo Kopucmusnu. BusyenHom mexHUKOM npeknanarba manuparba
jacHo je riokasaHo Oa cy mepMuHU BaHpegHa cuTyauwmja, koBuna-19 u
ynpasrbane puaunkom 0obunu gehu 3Hayvaj 08 2020. 2oduHe.

Sakmwyyak: Cmyduja npyxa OemasrbaH U ceeobyxeamaH rpeaned
HajeaxKHujux npedmema ucmpaxueara 3Hama o0 6e3bedHocmu y
B80jHUM OKpyXeruma. Hamer-eHa je nomeHuujanHum 4yumaouyuma u
ucmpaxueaduma 3auHmepecosaHuMm 3a 6osbe pa3ymesarbe 08UX
KOHUenama Kako 6u npucmynunu meMesbHUjuM ucmpaxuearmuma y
obnacmu gojHe 6e3bedHocmu.

KmbyyHe peyu: 3Hame o0 6e3bedHocmu, e80jcka, CUUEHMOMeMmPUJCKU
npeeaned.
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Abstract:

Introduction/purpose: The paper provides an overview of international
regimes and agreements that aimed to halt the spread of nuclear weapons.
For each regime, its impact on nuclear weapons proliferation is presented,
as well as its significance in stopping nuclear tests that posed a threat of a
global ecological catastrophe. Many of these regimes are no longer in effect
today, but throughout history, they played their role in fulfilling specific needs
fo halt the global spread of nuclear weapons or characteristic nuclear
weapons of a certain range.

Methods: The paper analyses the international agreements in this field, as
well as the papers in the field of nuclear safety from journals of international
importance.

Results: The analysis of nuclear security regimes gave results that speak
of their strengths and weaknesses. The importance and weaknesses of the
regimes are given through the analysis and several diagrams that show the
trend of increasing the amount of nuclear weapons over time.
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Conclusions: The work points to the historical importance of nuclear
security regimes, but also to their weaknesses, both in earlier times and
today. It is clear that these regimes halted nuclear weapons, but this halt
did not lead to the complete abolition of nuclear weapons, which is the
ultimate goal of the agreements.

Key words: security regimes, nuclear weapons, proliferation, nuclear
tests, international agreements.

Introduction

The moment World War |l ended, the threat to humanity did not
diminish; on the contrary, it became even greater and continued to
escalate day by day. Those dark clouds looming over humanity stem from
the potential escalation of conflicts among nuclear powers, which would
inevitably lead to a nuclear war, effectively marking the beginning of a
nuclear winter (Coupe et al, 2019; VilhelImsson & Baum, 2023).

Even when people survive a nuclear catastrophe or exposure to
radioactive radiation, they endure lasting health consequences (Boice et
al, 2022; Sefl et al, 2021).

The fear of Armageddon and nuclear winter did not always exist. In
fact, at the very beginning of the development of nuclear weapons,
American authorities did not take intelligence reports about the Nazi
nuclear program seriously. Albert Einstein played a crucial role in this
regard; he was already a prominent figure at the time and managed to
persuade the US authorities to initiate a nuclear program. The Manhattan
Project, after several years, ultimately provided the world with nuclear
weapons (Reed, 2015; Chadwick, 2021; Andrews et al, 2021).

The race in nuclear armament was initiated by the authorities of Nazi
Germany. Subsequently, the United States of America took the lead, but
had to continue the race with the Soviet Union in 1949. Soon, other
countries also joined the race (Sood et al, 2021).

The first atomic, or fission, bomb was detonated in 1945 (Beck et al,
2020), while the first thermonuclear bomb was tested in 1952 (Hain et al,
2020; Krass et al, 2022). Today, a total of nine countries possess nuclear
weapons. These include the five permanent members of the UN Security
Council (the USA, Russia, China, the UK, and France), as well as India,
Pakistan, Israel, and North Korea. There are various criteria for classifying
nuclear weapons. Apart from the basic division based on the nuclear
reaction they rely on, weapons can also be classified by warhead strength,
delivery method to the target, missile range, and more. Perhaps the most
fundamental classification would be based on the weapon's purpose. In
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this case, weaponry could be categorized into strategic nuclear weapons
and tactical nuclear weapons.

Due to all the aforementioned reasons, it is evident that there is a
substantial need for educating the general population and implementing
nuclear security regimes. All protocols and standards related to nuclear
safety are of utmost importance (Nika¢ et al, 2022), and there are a
significant number of articles discussing this (Mianji et al, 2013; D'auria &
Galassi, 2019; Tsai, 2017). Agreements to halt the spread of nuclear
weapons are particularly crucial due to the serious challenges currently
faced by the international community.

The need for this research arises from the inherent significance of the
topic, its complexity, and its essential importance to human civilization as
a whole. The existence of nuclear weapons constantly casts a shadow of
a potential catastrophe over mankind. Preventing the spread of nuclear
weapons and their reduction, even complete elimination, are highly
intricate issues, especially considering that throughout history, the world
has been polarized and continues to be, perhaps more than ever. We have
always had two sides engaged in power-demonstrating games. In World
War I, it was Germany and its allies against America and its allies. This
competition persisted through the Cold War and continues to this day,
albeit with participants arranged slightly differently. During the Cold War,
the USSR and the Warsaw Pact were on one side and the USA and NATO
on the other, while today the world is largely divided into the East and the
West.

A new threat of nuclear terrorism has emerged in recent times.
Terrorist organizations may not have the capability to possess nuclear
arsenals, but they do have the potential to use various other methods to
spread fear through nuclear terrorism. Firstly, there are radiological "dirty"
bombs, then contamination through stolen radioactive sources, as well as
attacks on nuclear power plants (Gale & Armitage, 2018; Leikin et al,
2003).

The aim of this study is a systematic compilation of knowledge about
nuclear security regimes (from the first initiative in 1953 to the present
day), as well as in examining their abuses, compliance, and the double
standards in their implementation. Additionally, the study aims to highlight
the historical development and significance of the IAEA, while addressing
the gravity of the global situation due to the existence of nuclear weapons.
Furthermore, it seeks to contribute to the acquisition of knowledge crucial
for the prohibition of the proliferation of these armaments.
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The significance of this research is underscored by the question: How
much have international security regimes truly contributed to the reduction
of nuclear weapons?

International security regimes in preventing the
proliferation of nuclear weapons

International nuclear security regimes encompass a range of
multilateral and bilateral agreements and arrangements between states
aimed at avoiding conflicts, particularly those of a nuclear nature.

The enforcer in implementing these agreements is the International
Atomic Energy Agency (IAEA) (Krass et al, 2022).

The first substantial initiative to halt the spread of nuclear weapons
emerged in 1953 when U.S. President Eisenhower delivered the "Atoms
for Peace" speech before the UN (Krass et al, 2022). Subsequently, the
establishment of the IAEA followed, along with the creation of numerous
international agreements and a significant number of bilateral nuclear
agreements between the USA and the USSR (Russia).

Non-proliferation treaty (NPT)

The Treaty on the Non-Proliferation of Nuclear Weapons (NPT)
(IAEA, 1970) is not the first agreement within the realm of international
security regimes aimed at halting the spread of nuclear weapons.
However, it is the first one that defined which states are recognized as
declared nuclear powers and introduced practical measures to prevent
further nuclear weapon proliferation. This treaty serves as one of the
cornerstones upon which international nuclear security regimes are built
and it could arguably be considered the most important or central nuclear
security agreement (Cooper, 2023).

The adoption of this international agreement was preceded by multi-
year, or perhaps even better to say, multi-decade initiatives for the
abolition of all forms of nuclear weapons. One of the most important
initiatives is the previously mentioned "Atoms for Peace" initiative. It was
of fundamental importance for the establishment of the IAEA, and the
existence of the Agency contributed to the eventual achievement of the
Treaty. Nevertheless, it took time for this to happen, as more than ten
years passed from the establishment of the IAEA to the adoption of the
NPT. The Treaty was adopted in 1968 and came into force two years later,
in 1970, when it was signed by over 90 countries and ratified by 47.
Currently, it has 191 valid signatories (IAEA, 2022), with the exception of
North Korea, which withdrew from the Treaty in 2003 (IAEA, 2024).
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Representatives of India, Pakistan, South Sudan, and Israel never signed
the NPT (United Nations, 1968).

In 1968, when this act was adopted, the first countries to sign it were
the USA, the USSR (today's Russian Federation), and the UK. These
states were designated as Depositary Governments in 1970 when the
Agreement came into effect (Cooper, 2023).

According to Article lll, paragraph IX of the Agreement, all signing
states are divided into two groups: Nuclear Weapon States (NWS) and
Non-Nuclear Weapon States (NNWS). NWS includes all states that
possessed nuclear weapons before 1967, namely: the USA, Russia
(USSR), China, Great Britain, and France. This created a significant divide
between states categorized as NWS and those in the NNWS group. Some
NNWS were on the brink of testing their nuclear weapons at that time but
could not do so if they signed the Agreement. This is why India, Israel, and
Pakistan have never accepted being part of the Agreement in any way.
Apart from these states, which are considered de facto nuclear-armed
states today, other countries accepted the NNWS status and signed the
NPT with firm assurances that NWS would aid them in the development of
peaceful nuclear programs (Bunn, 2003).

The Treaty sets forth three fundamental goals to which all signatory
states should strive: the cessation of nuclear weapons proliferation, the
complete disarmament of these weapons, and comprehensive
cooperation in the peaceful use of nuclear energy. The agreement defines
the fundamental obligations of NWS. The obligations of these five states
are not to transfer their weaponry to other states in any manner and not to
assist or encourage the development of nuclear programs that could be
used for armament purposes. The states in the NNWS group are obliged
not to accept offers from other states to participate in the development of
programs intended for armament purposes of this kind, nor to accept the
transfer of such weaponry from any other state. The Treaty defines the
role of the IAEA within the monitoring system. NNWS states undertake to
allow a system of control during the production of fissile materials used for
peaceful purposes and during their exchange with other states. The
Agency commits not to impede the technological and economic prosperity
of these states in any way, nor their cooperation in peaceful activities. Each
of the signatory parties has the right to withdraw from the NPT if it deems
there are extraordinary events that jeopardize the fulfillment of the
Agreement.
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Comprehensive nuclear-test-ban treaty

Nuclear tests can be categorized into four groups: underwater - in
oceans and seas, atmospheric - in the atmosphere, exoatmospheric -
above the atmosphere, and underground - beneath the Earth's surface
(Wiesner & York, 1964). The Comprehensive Nuclear-Test-Ban Treaty
(CTBT) has prohibited all four types of tests.

The agreement is the result of decades-long efforts to establish a ban
on testing in order to preserve the environment. Prior to this Agreement,
there were other initiatives, but this is the first comprehensive treaty, which
is why it is a crucial factor in nuclear security regimes.

The draft of the Agreement was presented on September 10, 1996,
by the United Nations General Assembly, and signing followed four days
later. All five declared nuclear-armed states signed this document, but
despite that, it has not yet come into force. Namely, in addition to
signatures, it needs to be ratified, and for it to take effect, it must be signed
and ratified by all states that possess any form of nuclear technology within
their territories. The total number of states possessing nuclear reactors
and using nuclear energy is 44. These are the states listed in Annex 2 of
this Agreement. Therefore, it is necessary for all these states to ratify the
Agreement for it to come into force. Out of the 44 states listed in Annex 2
of the Agreement, 5 have not ratified the treaty - the USA, China, Iran,
Israel, and Egypt. Three states from this annex have not even signed it -
North Korea, Pakistan, and India (NTI, 1996). It is precisely these three
states that conducted nuclear tests even after the CTBT was open for
signing and ratification, which clarifies why these specific states have not
even engaged in signing this Agreement.

With this Agreement, all countries are called to stop nuclear testing to
prevent nuclear weapon proliferation, which further leads to "the cessation
of the arms race and disarmament under strict and effective international
control". Through this Agreement document, the member states
established the Comprehensive Nuclear-Test-Ban Treaty Organization.
The primary purpose of the Organization lies in ensuring the
implementation of the agreed upon terms. The headquarters are located
in Vienna, and the bodies of the Organization include the Conference of
States Parties, the Executive Council, and the Provisional Technical
Secretariat, which also encompasses the International Data Centre. The
Agreement also defines the conditions for data confidentiality and the
exchange of information between the Organization and individual states,
as well as the financing of the Organization. The member states fund this
body, and any member failing to meet its obligations loses its voting rights.
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Furthermore, the Treaty specifies the organizational structure and
thoroughly defines various bodies constituting it - the Conference of States
Parties, the Executive Council, and the Technical Secretariat, along with
their functions, privileges, and immunities. The verification system consists
of the International Monitoring System, the Consultation and Clarification
Process, on-site inspection, and confidence-building measures. An
International Data Centre is introduced, defined as the central hub within
the Provisional Technical Secretariat, receiving data from the International
Monitoring System or on-site inspections and managing them. The Center
supports the System, comprising seismic monitoring stations, radionuclide
monitoring, hydroacoustic monitoring, infrasound monitoring, and data
transmission capabilities. Furthermore, the Agreement also regulates the
rights and obligations of the member states, the modes of withdrawal, the
circumstances leading to the denial of rights, and define the depository of
the Agreement - the UN Secretary-General.

The Protocol to the Comprehensive Nuclear-Test-Ban Treaty
elaborates further on the functions of the International Monitoring System
and the International Data Centre (NTI, 1996; Ahn et al, 2021).

Bilateral agreements between the USA and the USSR
(today's Russia)

Bilateral agreements, as a type of a nuclear security regime, have
been primarily signed between the United States of America and the USSR
(today's Russia), the two states that engaged most intensely in the race
for nuclear power. These states possess the largest number of nuclear
warheads (Akiyama, 2020), making them the two most powerful nuclear
nations in the world. Any agreement between them would result in
changes to the international landscape. In this context, the agreements
reached between the United States of America and the USSR (Russia)
represents significant security outcomes, even though they do not
encompass the entire international community; rather, their adherence is
conditioned by the bilateral relationship between the two sides.

To this day, these two states have signed a series of bilateral
agreements concerning the cessation of the nuclear arms race and the
reduction of the number of nuclear missiles. Some agreements never
came into force. The first agreement, named SALT |, was signed in 1972.
This was followed by the ABM Treaty, signed on the same date as SALT
I, and then the TTBT, signed in 1974, which came into force in 1990, and
SALT Il, signed in 1979, but never came into force as the USA side never
ratified it in protest of the Soviet war in Afghanistan. The INF Treaty was
agreed upon in 1987, came into force the following year, and was fully
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implemented by 1991. In 1991, when a new climate in the relations
between the two countries emerged, START | was signed, replacing the
SALT agreements. It came into force in 1994. After the dissolution of the
USSR in 1991, it was necessary to define which state succeeded the
former state's nuclear program. This was agreed upon through the Lisbon
Protocol, signed in 1992 (Kurosawa, 2021), which allowed the
implementation of the new situation in the East within the framework of
START I. Belarus, Kazakhstan, and Ukraine renounced nuclear weapons
through the Protocol and committed to joining the NPT. Russia was
declared the successor to the former state's nuclear program. In 1993,
START Il was signed, but it never came into force. The deadline for
fulfilling the agreed conditions was the end of 2003. Due to the dynamics
of meeting these conditions, it was agreed in 1997 to extend the deadline
until the end of 2007. At that time, the parties envisaged the signing of the
START Ill agreement in 2007. Meanwhile, in 2002, the SORT or Moscow
Treaty, as it is alternatively known, was signed, along with the Declaration
on Strategic Partnership between the United States and the Russian
Federation. This agreement marked the end of the "START" agreements,
so START Ill remained in the plan and was never realized. The "New
START" is the latest agreement in this series, signed in 2010 and coming
into force in 2011 (Akiyama, 2020; Kurosawa, 2021; Puentes et al, 2020).

SALT | — Strategic Arms Limitation Talks "freezes" the current state in
terms of the number of strategic nuclear missiles until an agreement is
reached for the complete elimination of nuclear weapons (Kurosawa,
2021).

ABM or ABMT — Anti-Ballistic Missile Treaty limits the development of
anti-ballistic missile systems of the two countries. The agreement restricts
the number of anti-ballistic missiles to a maximum of 100. It was valid for
30 years and is believed to have prevented the placement of anti-ballistic
missile systems in space. The United States withdrew from the agreement
in 2002 and established the Missile Defense Agency, ending the validity of
the agreement. Along with the agreement, the idea called MAD — Mutually
Assured Destruction came into effect. This idea predicted that if one
country launched a nuclear attack on another, the other country had the
right to respond in kind, without any attempts by the first country to defend
itself. Thus, this idea guaranteed equal damage in the event of a nuclear
conflict.

TTBT — Threshold Test Ban Treaty restricts the yield of underground
nuclear tests to 150 kt considering that there was already a Partial Test
Ban Treaty in place at that time, which will be discussed in the next
chapter. It can be concluded that this treaty slowly led to the CTBT.
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INF — Intermediate-range Nuclear Forces Treaty is an agreement to
eliminate all missiles with ranges between 500 and 5500 km. This includes
all ballistic and land-launched cruise missiles. Submarine-launched
missiles are not covered by this agreement. Since 2014, both sides have
made mutual accusations of violating the INF Treaty. The USA finally
withdrew from the treaty in 2019, blaming Russia as the main culprit for
this course of events (Akiyama, 2020; Kurosawa, 2021; Puentes et al,
2020).

Since the dissolution of the USSR, four more agreements have been
signed: START |, START II, SORT, and New START. START stands for
Strategic Arms Reduction Treaty and, as already mentioned, aimed to
replace the SALT agreements, which did not meet expectations. Each of
the START agreements had the same significance and similar goals:
primarily reducing and then limiting the number of strategic nuclear
missiles of both parties to prevent further growth. It was envisaged that the
parties would agree on deadlines for achieving specific tasks regarding the
reduction of warheads, and then after a certain period, agree on new tasks,
continuing until the last nuclear missile was eliminated. However, it is
evident that there is no serious political will for this, so we must wait and
see what the last agreed-upon treaty, called New START, will bring. It was
expected to fulfill its obligations by February 2021 or be extended until
2026. During those years, the USA sought to include China in the Treaty
from 2021, considering China a threat due to its close cooperation with
Russia and the development of more advanced ICBMs by China
(Akiyama, 2020). However, this did not happen. The treaty was extended
for another 5 years in 2021, but in the meantime (2023) President Putin
suspended it due to the USA involvement in the war in Ukraine (Bugos,
2023).

International Convention for the Suppression of Acts of
Nuclear Terrorism

The International Convention for the Suppression of Acts of Nuclear
Terrorism (CNT) (United Nations, 2005) was opened for signature in
September 2005 at the United Nations and entered into force in July 2007.
Its purpose is to criminalize acts of nuclear terrorism, define measures for
sanctioning involved parties in case of such acts, and enhance
cooperation between investigative and enforcement authorities to prevent
and combat nuclear terrorism, one of the most undesirable forms of
terrorism. Currently, the Convention has been signed by 115 parties and
has 120 state participants (NTI, 2005).
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The agreement covers a wide range of potential attacks and targets,
including nuclear facilities such as nuclear reactors. Threats and attempts
to commit crimes are defined, as well as the concept of complicity in case
of nuclear terrorism acts, and the methods of sanctioning each of these
offenses are outlined. States parties are encouraged to collaborate, as well
as to conclude bilateral or multilateral regional agreements aimed at
countering all forms of nuclear terrorism. The Convention calls for
information sharing, police assistance, peaceful conflict resolution, and
crisis management support.

The IAEA is guaranteed to provide assistance under the Convention
in dealing with crises related to nuclear terrorism and the removal of
undesirable radioactive materials from the territory of an affected state.
The Secretary-General of the United Nations is appointed as the
depositary.

The Convention is a result of states efforts to enhance international
cooperation to prevent acts of nuclear terrorism and was enacted for this
purpose. Moreover, the Convention aims to curb cooperation between
states and terrorist organizations in terms of the use of any nuclear
isotopes or weapons employing such isotopes. This approach prevents
secret state actions through terrorist organizations and thus helps to
prevent the escalation of conflicts between nuclear powers.

Remaining agreements that can be classified within
nuclear security regimes

There is a whole range of agreements that cannot be directly
classified as nuclear security regimes due to their nature, primarily
because they were established to regulate other contentious issues in the
field of international law. Issues related to nuclear weapons are only
mentioned in certain articles of these documents and pertain to resolving
nuclear weapon matters within the framework of another larger
international dispute, the resolution of which involves the enactment of
agreements. On the other hand, there are agreements that address
specific nuclear security issues, but their uniqueness, which prevents us
from describing them as part of the current security regimes, lies in the fact
that they have been supplemented over time and accepted by the
international community in the form of new comprehensive agreements.

The Antarctic Treaty, along with other agreements related to
Antarctica, is part of the Antarctic Treaty System (ATS). This document
defines Antarctica as an uninhabited continent encompassing the entire
landmass and all ice-covered areas south of 60° south latitude. The
Antarctic Treaty was opened for signature in 1959, and to this day, a total
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of 53 states have signed it (NTI, 1959). In a way, this document represents
the first nuclear security regime. Specifically, it prohibits military activity on
the continent's territory, particularly nuclear explosions and the storage of
nuclear waste on the Antarctic land. Therefore, this is the first agreement
that prohibits the use of nuclear weapons in a specific region, making it
partly a security regime.

The Partial Nuclear Test Ban Treaty (PTBT) was adopted in 1963.
The full title of this document is the Treaty Banning Nuclear Tests in the
Atmosphere, in Outer Space, and Under Water. As the full title of the
Treaty suggests, it essentially serves as a document that prohibits three
out of the four mentioned types of nuclear tests: atmospheric,
exoatmospheric, and underwater. However, the Treaty did not ban
underground tests, so nuclear testing not only did not cease but continued
even more intensively, with the exception that tests were conducted only
below the Earth's surface. The Treaty defines two groups of tests that are
prohibited: a) atmospheric, and b) all tests conducted in any other
environment if there is a possibility of nuclear waste dispersal beyond the
borders of the testing state. Of course, it is clear that exoatmospheric and
underwater nuclear tests fall into this second category. Furthermore, the
Treaty states that this prohibition does not prejudge the ban on
underground tests, aiming for a comprehensive prohibition of nuclear
tests.

The Outer Space Treaty, formally known as the Treaty on Principles
Governing the Activities of States in the Exploration and Use of Outer
Space, including the Moon and Other Celestial Bodies, was presented in
late 1966 and adopted on October 10, 1967. The adoption of this treaty
was preceded by significant diplomatic efforts, primarily between the
United States of America and the Soviet Union (Johnson-Freese, 2017),
as well as among all nuclear powers and other states worldwide. From the
beginning of the Cold War, politicians from both sides recognized the
potential of space and the possibilities that placing nuclear weapons in
Earth's orbit, on the Moon, and other celestial bodies could bring. When
the Soviet Union successfully launched the first artificial satellite into
Earth's orbit in 1957, certain factions in the United States, influenced by
this event and fearing that the Soviet Union could pose a threat given its
achievement in conquering part of space, urged then-President
Eisenhower to initiate a program that would lead to the deployment of
nuclear missiles in space. Eisenhower rejected this idea and began
advocating for the use of space exclusively for peaceful and scientific
purposes before the international community (Vlajni¢, 2015). Following
that, several resolutions and declarations were adopted over the next
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decade that eventually led to the formulation of the Outer Space Treaty.
The specificity of this document is that it does not strictly pertain to nuclear
weapons, but rather to all forms of military technology. However, it is
evident that it was primarily adopted due to nuclear weapons, as
emphasized in Article 1V, which prohibits nuclear weapons.

The Treaty on the Prohibition of the Emplacement of Nuclear
Weapons and Other Weapons of Mass Destruction on the Sea-Bed and
the Ocean Floor and in the Subsoil thereof, commonly referred to as the
Seabed Treaty, adopted in 1971, is also one of the security regimes
introduced to prevent the spread of nuclear weapons to undesirable areas
and to avoid further environmental contamination. It pertains to a specific
area and is introduced to protect a part of the living world. In the preamble
of the Treaty, the contracting parties are encouraged to engage in peaceful
research of marine and oceanic areas. On the other hand, they are called
upon to halt the arms race in nuclear weapon development, which is the
context of this document. The Treaty is considered a step forward toward
ultimate disarmament. All signatory states are prohibited from storing
nuclear weapons or any weapons of mass destruction on the seabed or
beneath its surface. Therefore, this treaty also does not explicitly focus on
nuclear weapons, but it is more than clear that it was introduced primarily
due to this type of weaponry, which can be inferred by analogy with the
Space Treaty.

The Agreement Governing the Activities of States on the Moon and
Other Celestial Bodies, commonly referred to as the Moon Agreement,
from 1979, could be seen as a supplement to the Outer Space Treaty,
providing more precise definitions of obligations regarding the use of the
Moon. The Moon Agreement, in a way, "fills in legal gaps" that existed
within the Outer Space Treaty.

The Fissile Material Cutoff Treaty (FMCT) is one of the agreements
that remained only in proposal. The first proposal for such a treaty was put
forward in 1993 by then-President of the United States, Bill Clinton.
Several ideas were suggested regarding this agreement, either by the
United States of America or Russia, but none was accepted. Such a treaty
would ban the production of certain fissile materials known to be used as
fuel in nuclear bombs. The challenges mainly arise in defining nuclear fuels
used for military purposes. Even today, a clear proposal for this treaty does
not exist, despite several attempts to reach an agreement.

This is one of the main topics of the Conference on Disarmament
(CD), established in 1995 following the adoption of UN Resolution 48/75L.
The resolution calls for the elimination of fissile materials used for nuclear
weapons. The CD deals with the elimination of all types of weapons of

907

li¢, S. et al, International security regimes in preventing the spread of nuclear armaments and their global significance, pp.896-923



@VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 2

mass destruction and has made multiple attempts to present the FMCT. In
2006, the International Panel on Fission Materials (IPFM) was even
established with the purpose of promoting nuclear disarmament and the
cessation of production of fissile materials used for military purposes. In
2009, this body presented its version of the FMCT, which somewhat
represents the organization's statute. The organization consists of
numerous experts in the field of nuclear physics from a total of 18
countries, including the United States of America and Russia (NTI, 2024).

It is unfortunate that the treaty has not come into force within the
framework of the UN. However, many conditions of the Nuclear Non-
Proliferation Treaty (NPT) and other security regimes call on states to
refrain from producing highly enriched uranium and plutonium used for the
construction of atomic and thermonuclear bombs. In a way, this makes the
treaty somewhat redundant. It is also important to note that the
International Atomic Energy Agency (IAEA) has mechanisms through
which it can detect the production of prohibited fuels through its inspectors,
as will be discussed in the following chapter.

The Nuclear-Weapons-Free Zones (NWF2Z) is also part of the group
of security regimes. This group includes The Antarctic Treaty, the Outer
Space Treaty, and the Seabed Treaty, among others. However, due to the
fact that these zones are uninhabited, they can also be regarded as distinct
agreements. In a narrower sense, the NWFZ includes: the Treaty for the
Prohibition of Nuclear Weapons in Latin America, commonly known as the
Treaty of Tlatelolco from 1967, the South Pacific Nuclear-Free-Zone
Treaty, also known as the Treaty of Rarotonga from 1985, the Southeast
Asian Nuclear-Weapon-Free Zone Treat or Treaty of Bangkok from 1995,
the African Nuclear-Free-Zone Treaty, known as the Treaty of Pelindaba
from 1996, and the Central Asian Nuclear-Weapon-Free Zone Treaty, also
known as the Treaty of Semipalatinsk from 2006. As the names of these
agreements suggest, they establish certain regions, in consultation with
the nations in those regions, as zones free of any form of nuclear energy-
related military application (United Nations, 2006; IAEA, 2015).

The Treaty on the Prohibition of Nuclear Weapons (TPNW) is the
latest addition to the series of international nuclear security regimes. The
treaty was opened for signing in 2017 and came into effect in 2021. In
comparison to previous agreements, this treaty takes an extremely radical
approach towards the complete elimination of nuclear weaponry (Ruff,
2022). It appears that this regime lacks significant influence, as none of
the nuclear-armed states, whether recognized (NWS) or unrecognized
(India, Pakistan, North Korea, and Israel), participate in it.
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IAEA as the guarantor of the regime implementation

“The IAEA (International Atomic Energy Agency) is an international
organization that serves as the leading global intergovernmental forum for
coordinating scientific and technical cooperation in the peaceful use of
nuclear energy and nuclear technologies. It also operates as an
international inspectorate for the implementation of nuclear inspection
measures, verifying activities related to civil nuclear programs. Established
in 1957 as an independent organization under the umbrella of the United
Nations, it now encompasses a wide range of services, programs, and
activities based on the needs of its 176 member states. The Agency,
headquartered in Vienna, has offices at the UN in New York, Rome, and
Geneva, inspection offices in Toronto and Tokyo, and laboratories in
Austria and Monaco. It also supports a research center in Trieste under
the auspices of UNESCO. The strategy and policies of the Agency are
determined based on the recommendations from the Board of Governors
at the General Conference. The Secretariat, led by a Director-General and
six Deputy Directors-General responsible for specific areas, manages the
implementation of programs and activities“ (IAEA, 2023).

IAEA inspection oversight

The inspection system, in a way, represents the executive body within
nuclear security regimes. The establishment of the inspection system was
awaited for two years after the founding of the Agency. It was agreed upon
in Canada in 1959; however, the document regulating the functioning of
this body was awaited for just as long. In 1961, the first document was
signed, regulating the procedures for the application and instructions for
the work of IAEA inspectors. This document is known as INFCIRC/26, and
after an amendment in 1965, it was introduced as INFCIRC/66 (IAEA,
2015; Alger, 2008).

When the Treaty on the Non-Proliferation of Nuclear Weapons came
into force in 1970, conditions were created for the Agency to take
"decisive" actions, which in 1971 led to the introduction of a new
INFCIRC/153 inspection document, primarily introducing Comprehensive
Safeguards Agreements (CSA). It defined the manner of cooperation
between the Agency and the signatory states, especially non-nuclear-
weapon states that have nuclear energy facilities for peaceful purposes.
By signing the document, these states committed to Comprehensive
Inspection Oversight by the IAEA on their territory and to provide
inspectors with all information related to nuclear facilities and the use of
radioactive materials in any area (IAEA, 2015; Alger, 2008).
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Due to the Agency's inability, along with its inspectors, to respond to
the challenges posed before it, there arose a need to introduce the
Additional Protocol (INFCIRC/540) within the mechanisms implemented in
order to respect the NPT. This Protocol expands the authorities of the
Agency and its inspectors, granting greater rights to significant information
and facilitating the detection of prohibited nuclear activities. The Additional
Protocol was adopted in 1997 (IAEA, 2015).

Methods for detecting unauthorized activities

The inspection oversight system involves the application of various
methods to detect and verify events that imply the occurrence of
separation or any misuse of nuclear materials listed as prohibited and
potentially usable for nuclear weapon production.

Materials of interest to inspectors are commonly referred to as special
fissile materials. These usually include uranium isotopes 233 and 235, and
plutonium-239. Some of these are naturally occurring, while others are
artificially produced. For example, uranium-235 is found in small amounts
in spent nuclear fuel. The process known as separation is used to obtain
these isotopes of interest in a form necessary for the creation of the
nuclear bomb core (IAEA, 2015). Separation is a complex and expensive
method and has been a stumbling block for anyone attempting nuclear
weapon production.

Each radioactive element leaves its unique signature on the
environment when present. These are the traces used by nuclear forensics
(Mayer et al, 2013; lli¢ et al, 2022), to determine whether there has been
production of a radioactive isotope, its use (Lépez-Lora et al, 2023), or a
nuclear test (Child & Hotchkis, 2013) in a particular space.

To detect the existence of these prohibited isotopes within a country's
territory, inspectors utilize a range of methods, specifically detector tools
that have significantly improved with technological advancements in recent
years. Methods for detecting "special" fissile materials include:
Environmental sampling for safeguards (ESS), Multi-channel analyzers
(MCA), Alloy detectors (ALEX), Environmental monitoring instruments,
Digital video surveillance systems, Satellite imagery, and Inspection
Database (Donohue, 2002).

For uncovering unauthorized radioactive materials, the methods
using environmental samples (ESS) include: High-resolution gamma
spectrometry (HRGS), X-ray fluorescence spectrometry (XRF), Scanning
electron  microscopy electron/X-ray fluorescence spectrometry
(SEM/XRF), Thermal ionization mass spectrometry (TIMS), and
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Secondary ion mass spectrometry (SIMS). All these methods use dust
samples collected from areas near the tested facility (Donohue, 2002).

Essentially, as almost all countries have agreed to the conditions of
the Treaty on the Non-Proliferation of Nuclear Weapons, it is expected that
the reports submitted by states are in line with the agreed-upon terms, and
that no one would report nuclear activities prohibited by the Treaty, as they
are committed otherwise. Thus, the inspector's role is to determine
whether any signatory state is secretly pursuing nuclear program
development. Inspectors effectively engage in accounting tasks, as they
monitor the field's status and compare it with the reports from states and
the records maintained by authorities overseeing nuclear facilities. In the
past, numerous unauthorized activities were detected, but with the
introduction of the Additional Protocol and reinforcement of other
measures, they have significantly diminished. It is worth noting that
participation in the Treaty and the Agency is voluntary, meaning the
Agency lacks jurisdiction over territories of non-signatory or suspended
states. A clear example is North Korea.

In addition to all these methods for monitoring the implementation of
the Comprehensive Nuclear-Test-Ban Treaty, seismic methods are used
to monitor ground tremors to identify those caused by nuclear tests (Sykes
& Evernden, 1982). Various methods are also employed to avoid data
manipulation and potential deception, which could undermine the regime
and its effectiveness (He et al, 2021).

Discusions and conclusions

Since there are no absolute parameters determining the success of
regimes, conclusions have to be drawn about their effectiveness from the
available data, compared to projections related to the spread of nuclear
weapons. Here, this part will deal with the number of nuclear warheads in
the world, as well as with the conducted tests up to now. These two pieces
of information are currently the only relevant parameters for evaluating the
success of security regimes.

Estimating the number and trend of growth of nuclear
warheads as a parameter of the effectiveness of the NPT

The current estimate of the number of warheads worldwide, through
an overview of the status in individual states possessing this type of
weaponry, is presented in the graph shown in Figure 1 (SIPRI, 2023). The
total number of warheads has been decreasing for several years. This is
primarily happening due to the United States of America and Russia, the
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countries that are reducing their arsenals in accordance with bilateral
agreements, as well as with their efforts to modernize their arsenals. Other
nuclear powers are slightly increasing the number of nuclear warheads.
Out of all, China stands out the most in this trend. In 2014, China had 250
nuclear warheads, but today, it possesses 410 warheads.
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Figure 1 — Number of nuclear warheads per country today

The decreasing trend in the last 5 years is shown in the graph in
Figure 2 (SIPRI, 2023).
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Figure 2 —Trend of decreasing the total number of nuclear warheads in the last 5 years
(SIPRI, 2023)

The reduction trend for Russia and the USA was much more
significant 10-15 years ago. Now, the decrease is occurring at a much
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slower pace. This is likely influenced by the lack of trust and tensions that
have persisted in the last few years (SIPRI, 2023).
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Figure 3 — Trend of reducing the number of warheads for Russia and the USA for period
2012-2023 (SIPRI, 2023)

Taking into consideration everything that has been mentioned, the
impression arises that the regimes led by the NPT have not been
particularly efficient in reducing nuclear armaments. However, considering
that, at the time of the NPT's introduction, it was projected that by the year
1990, a total of 25-30 states would possess nuclear weapons (Carlson,
2005), today, over 20 years after that projected date, there are only 5 NWS
along with an additional 4 states possessing nuclear warheads, most of
which were on the brink of discovery. It is clear that the NPT, along with
other regimes, has played a significant role in curbing the spread of nuclear
weaponry.

Nuclear tests as an indicator of regime respect, foremost
the CTBT

After World War Il and throughout the Cold War era, nuclear weapons
testing was a common practice to determine the effectiveness of specific
weaponry and, likely even more so, to showcase power to other players
participating in the race. There is indeed a vast number of studies, both
older (Carter & Moghissi, 1977) and more recent ones (Gillies & Haylock,
2022), that address the impact of radionuclides resulting from nuclear tests
on the natural world (Johansen et al, 2020; Pravalie, 2014), as well as on
humans specifically (Drozdovitch et al, 2021; Simon et al, 2006), not only
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in terms of health but also concerning other essential factors that again
influence human health deterioration (Riad et al, 2023) and the well-being
of other living beings (Bouville, 2020).

To this day, over 2000 nuclear tests have been conducted, with the
majority carried out by the United States of America (1032) and Russia
(715). Most of these tests took place in the northern hemisphere of the
Earth, while the number of nuclear tests in the southern hemisphere is
almost negligible. This is somewhat expected, given that a significant
portion of the southern hemisphere belongs to nuclear-free zones. In
addition to the United States of America and Russia, nuclear tests were
conducted by France (210), the United Kingdom (45), China (45), India (3),
Pakistan (2), and North Korea (7). Other countries had some attempts at
nuclear tests, but the only successful one was conducted in 1979. It took
place in the Indian Ocean under the auspices of the governments of South
Africa and Israel. After this event, South Africa abandoned its nuclear
program. Although Israel has never been proven to possess nuclear
weapons, it has unofficially been confirmed that the country holds a
"serious" nuclear arsenal. The highest number of tests, a total of 178, was
conducted in 1962 (Bergkvist & Ferm, 2000; United Nations, 2024).

Therefore, since the entry into force of the CTBT, 10 nuclear tests
have been carried out. Of these 10, India and Pakistan each conducted
two, while North Korea conducted 6 (United Nations, 2024). The tests by
India and Pakistan are a result of their long-standing animosity.
Specifically, these were the first two successful tests for Pakistan, and as
India is in constant conflict with Pakistan, it also conducted two more tests
(in addition to the one in 1974) to demonstrate its power. After these
events, international pressure was exerted, and both India and Pakistan
ceased testing, pledging to refrain from any form of nuclear weapon
rattling. After 1998, only North Korea conducted tests in 2003, 2006, 2009,
2013, 2016, and 2017. The frequency of these tests diminished after 2017.
A year earlier, North Korea successfully tested a thermonuclear bomb for
the first time (Kristensen & Korda, 2022) . North Korea likely halted testing
due to a combination of two factors: continuous UN pressure accompanied
by sanctions and a relatively limited humber of nuclear warheads (30)
compared to other states possessing this type of weaponry.

Considering all of the above, it can be concluded that the CTBT is the
most successful international security regime. However, the Agreement
did not come about due to states' efforts to reduce the number of nuclear
warheads worldwide but exclusively due to significant pressure from the
scientific community, which recognized the harmfulness of tests and their
impact on the environment (Carter & Moghissi, 1977).
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Regimenes de seguridad internacionales para prevenir la propagacion
de armamentos nucleares y su importancia global

Srecko D. lli¢, Radovan V. Radovanovic,

Aleksandar S. Ivkovi¢, autor de correspondencia

Universidad de Investigacion Criminal y Estudios Policiales,
Departamento de Ingenieria Forense, Belgrado, Republica de Serbia

CAMPO: Ingenieria Nuclear
TIPO DE ARTICULO: articulo de revision

Resumen:

Introduccion/objetivo: El documento proporciona una vision general de los
regimenes y acuerdos internacionales que tenian como objetivo detener la
proliferaciéon de armas nucleares. Para cada régimen, se presenta su
impacto en la proliferaciéon de armas nucleares, asi como su importancia
para detener las pruebas nucleares que representaban una amenaza de
catastrofe ecoldgica global. Muchos de estos regimenes ya no estan
vigentes hoy, pero a lo largo de la historia desempefiaron su papel en el
cumplimiento de necesidades especificas para detener la proliferacion
global de armas nucleares o de armas nucleares caracteristicas de cierto
alcance.

Meétodos: El articulo analiza los acuerdos internacionales en este campo,
asi como los articulos en el campo de la seguridad nuclear procedentes de
revistas de importancia internacional.

Resultados: El analisis de los regimenes de seguridad nuclear arrojo
resultados que hablan de sus fortalezas y debilidades. La importancia y
debilidades de los regimenes se dan a ftravés del analisis y varios
diagramas que muestran la tendencia al aumento de la cantidad de armas
nucleares a lo largo del tiempo.
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Conclusion: El trabajo sefiala la importancia histérica de los regimenes de
seguridad nuclear, pero también sus debilidades, tanto en el pasado como
en la actualidad. Esta claro que estos regimenes suspendieron las armas
nucleares, pero esta suspension no condujo a la abolicion completa de las
armas nucleares, que es el objetivo final de los acuerdos.

Palabras claves: regimenes de seguridad, armas nucleares,
proliferacién, ensayos nucleares, acuerdos internacionales.

Pexumbl mexayHapoaHon 6e3onacHOCTU B NpeaoTBpaLLEeHN
pacnpoCcTpaHEHUS SAEPHOIO OPYXNsi U NX rnobanbHoe 3HadYeHne

Cpeuko [. inny, PadosaH B. PagoaHoBuy,

Anekcardap C. VIBKOBMY, KOPPECMNOHAEHT

KpuMUHanMcTMyecknii 1 NonMuUencKuin yHUBEpCUTET,

nenaptameHT cynebHon nHxeHepuu, r. benrpag, Pecny6nuvka Cepbus

PYBPUKA T'PHTW: 78.25.19 ApepHoe opyxue
BWO CTATbW: o63opHas cTatbs

Pe3swome:

BeedeHue/uenb: B  daHHOU cmambe npedcmasnieH  0630p
MeXOyHapOOHbIX  PEXUMO8 U  co2iaweHull, Uueflb  Komopbix
3ak4aemcs 8 npeKpaweHuU pacrnpocmpaHeHusi S0epHO20 OPYKUSI.
B cmambe npedcmasneHo enusiHue Kax0020 pexuma Ha
pacrnpocmpaHeHue 510epHO20 OPYyXUsl, a Mmakxe €20 3Ha4yeHue 8
rnpekpaweHuUuU i0epHbIX UcrbimaHuli, Komopbie npedcmassisnu yeposy
8 8ude 2nobarnbHOU 3Konoasudeckol kamacmpogbl. MHoaue u3 amux
pexumos ce200Hs1 yxe He Oelicmeyom, HO Ha rPomsikeHUU cgoell
ucmopuUU OHU u2paru 8aXXHyH posib 8 y008remeopeHuU KOHKPEMHbIX
nompebHocmel 8 npekpaweHuu enobanbHO20 pacrnpocmpaHeHust
510epHO20 OPYXKUS Pa3UYHO20 Ha3HaYeHUsl.

MemoObi: AHanu3 mexdyHapodHbIX coanaweHull 8 amou obnacmu, a
makxe aHanu3z cmamel 8 obnacmu si0epHol 6e3onacHocmu U3
)KYPHano8 MexxdyHapoOHO20 3Ha4YeHUs.

Pesynbmambi:  AHanu3 pexumos si0epHou 6e3onacHocmu dan
pesynbmamsl, 8bISAUUEe UX CUMbHble U criabble CMOPOHbI.
3Havyumocmb u Hedocmamku pexumos npedcmassieHbl ymem
aHanu3a U HECKOMbKux OuaspaMM, KOmMoOpble  [10Ka3bleaom
meHOeHUU0 pocma U CHUXeHuUsi obujezo Konudecmea s10epHOE0
OPYXUSI C MeYeHUeM 8peMeHU.

Bbigodbl:  [JaHHass cmambsi oceewjaem UCMOPUHECKYIO B8aXKHOCMb
pexumos s0epHol besoriacHOCmu, a makxe r[oKasbieaem Uux
Hedocmamku Kak ¢ ucmopuyeckol, mak U ¢ CO8peMeHHOU MOYKU 3PeHUs.
Bornee 4em o04yegUOHO, 4YMO 3MU PeEXUMbI OCMaHo8UNU SIOEpPHOE
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soopyxeHue. OOHaKo 3mMO He rpueesio K rosiHol ommeHe si0epHo20
OPYIKUST, YMO S6/IIemcsi KOHEYHOU Uesbro 8bluieyKa3aHHbIX coanaueHud.

Kntouesblie criosa: pexumbl 6e3onacHocmu, s10epHOe OopyXxue,
pacnpocmpaHeHue,  SI0epHble  ucChbimaHusi,  MexXOyHapOOHbIe
coaalieHusl.

MehyHapoaHu 6e36eQHOCHY peXxumu y cripeyaBatby LUMpera
HyKrneapHOr HaopyXara ¥ HUXOB rnobarnyu 3Hauaj

Cpehko . Wnuh, Padosa+ B. PagosaHoBuh,
AnekcaHdap C. /BkoBuh, ayTop 3a Npenucky

KpyMUHaNMCTUYKO-NONULMICKN YHUBEP3UTET,
HenaptmaH dopeHsunykor nHxerwepctea, beorpag, Penybnuka Cpbuja

OBJIACT: HyKneapHWU NHXEHEPUHT
KATEFOPWJA (TWIM) YWNAHKA: npernegHn pag

Caxemak:

Yeod/uurb: Y pady je npedcmaerbeH npeaned mehyHapoOHUX pexuma u
criopa3yma Koju umajy 3a Uurb 0a 3aycmase wupere HyKrneapHoz opyxja.
lpuka3saH je ymuuaj ceakoe pexxuma Ha Wuper-e HyKreapHoz2 opyxja, kao
U Hee08 3Hayaj y 3aycmaerbarby HyKreapHux npoba Koje cy
npedcmassbane npemmy y CMUC/y u3asueara 2/i0bariHe eKoslowke
kamacmpogbe. MHoau 00 osux pexxuma OaHac suwe HUCY Ha CHasu, anu
Cy MOKOM ucmopuje umarsu ceojy yrioay y ucryrasary creyucbudHux
rnompeba y 3aycmassbarby eriobarnHoa Wupera HyKrneapHoe opyxja umu
Kapakmepucmu4yHoe  HykneapHo2 opyxja oOpeheHoe domema.
Memode: AHanu3supaHu cy mehyHapoOHU y2080pu U3 08e obracmu, Kao u
mekcmosu u3 obriacmu HykreapHe be3bedHocmu u3 4acornuca 00
mehyHapodHoz 3Ha4aja.

Pesynmamu: AHanusa HykneapHux 6e36e0HOCHUX pexuma Oana je
pe3ysimame Koju 2080pe 0 HUX080j CHa3u, 0OHOCHO criabocmuma. 3Hadaj
u cnabocmu pexxuma rpuKasaHu Cy Kpo3 aHaru3y U HeKOJSUKo Oujaepama
Koju rokasyjy mpeHd pacma, 0OHOCHO nada yKyriHoz bpoja HyKreapHUX
6ojesux anasa MoKOM speMeHa.

3akrbyyak: Pad ykasyje Ha Ucmopujcku 3Ha4aj HykreapHux 6e36e0HOCHUX
pexuma, anu u Ha ruxose cnabocmu, Kako y paHUjuM epeMeHuUMa, mako
u OaHac. JacHo je 0Oa cy 08U pexuMu 3aycmasunu HyKeapHO
HaopyXaeare, anu mo Huje 8o0usi0 Ka He2080M MOMIYHOM yKudatby,
wmo je KpajrUu yusrb criopasyma.

KrbydHe peuu: 6e36€0HOCHU PEXUMU, HYKIeapHO HaopyXare,
wupetre, HykreapHu mecmosu, MefjyHapoOHuU criopa3ymu.

922



EDITORIAL NOTE: The second author of this article, Radovan V. Radovanovi¢, is a current
member of the Editorial Board of the Military Technical Courier. Therefore, the Editorial
Team has ensured that the double blind reviewing process was even more transparent and
more rigorous. The Team made additional effort to maintain the integrity of the review and
to minimize any bias by having another associate editor handle the review procedure
independently of the editor — author in a completely transparent process. The Editorial
Team has taken special care that the referee did not recognize the author’s identity, thus
avoiding the conflict of interest.

Paper received on: 20.01.2024.
Manuscript corrections submitted on: 05.06.2024.
Paper accepted for publishing on: 06.06.2024.

© 2024 The Authors. Published by Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mM0.ynp.cp6). This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/rs/).

923

li¢, S. et al, International security regimes in preventing the spread of nuclear armaments and their global significance, pp.896-923


http://www.vtg.mod.gov.rs/
http://%D0%B2%D1%82%D0%B3.%D0%BC%D0%BE.%D1%83%D0%BF%D1%80.%D1%81%D1%80%D0%B1/
http://creativecommons.org/licenses/by/3.0/rs/

QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 2

Methodology of training members of river
units on a ship simulator

Slobodan M. Radojevi¢?, Milan M. KresojevicP,

Svetislav D. Soski¢e, Dejan D. Mihajlovi¢?

University of Defence in Belgrade, Belgrade, Republic of Serbia

a Military Academy, Department of Social Sciences and Humanities,
Department of Social Sciences,
e-mail: slobodan.radojevic@va.mod.gov.rs,
ORCID ID: “@https://orcid.org/0000-0001-6071-8151

b Military Academy, Department of Social Sciences and Humanities,
Department of Tactics with Weapon Systems,
e-mail: milan.kresojevic@va.mod.gov.rs, corresponding author,
ORCID ID: @https://orcid.org/0000-0003-0278-5916

¢ Military Academy, Department of Social Sciences and Humanities,
Department of Tactics with Weapon Systems,
e-mail: cacaksole@yahoo.com,
ORCID ID: @https://orcid.org/0000-0002-6042-8020

d School of National Defence "Field Marshal Radomir Putnik",
e-mail: dejan_miha@yahoo.com,
ORCID iD “https://orcid.org/0009-0008-4132-8682

doi https://doi.org/10.5937/vojtehg72-47081

FIELD: computer science (education), mechanical engineering
ARTICLE TYPE: review paper

Abstract:

Introduction/aim: This paper aims to present the methodology for creating
educational content/scenarios on a ship simulator (bridge simulator) that will
serve officers of river units in developing the ability to react when performing
regular and military tactical tasks on the ships of the River Flotilla. Also,
training on the simulator aims to train officers of river units using modern
information technologies.

Methods: The paper uses simulation methods, experimental methods, case
studies, and operational research.

Results: Specific educational content/scenarios were created, also specific
methodology was developed and the principles were clearly defined
according to which content/scenarios are created on the ship simulator.
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Conclusion: By using the ship simulator, in different teaching scenarios,
cadets of river units as well as members of river units are trained and
acquire the ability to react adequately in real situations in the shortest
possible time.

Keywords: ship simulator (bridge simulator), training methodology, river
units, emergency response, ship maneuvering.

Introduction

Simulation is one of the most realistic methods in training ship
personnel (crew). While training during ship navigation provides a realistic
situation of the environment and movement of the ship, there are also
several disadvantages such as costs, required time, and difficulty to
ensure different situations and specific hydrometeorological conditions
during navigation. This can be overcome by using a ship simulator as a
training platform since it is cheaper, provides opportunities for rapid
scenario changes, and can provide situations with different levels of risk
without the risk of damage to a real ship (European Commission, 2018).
Simulations as a substitute for reality are very useful. Namely,
experimental methods, to which simulations belong, are evaluated as the
most realistic. The use of simulators for the acquisition of navigational skills
has been present for several decades. The use of the simulator made it
possible to see specific and complex navigational conditions in a new way.
Namely, the simulators enable the training of various maneuvers and
navigation in very specific hydrometeorological conditions. Simulators are
very successfully used in the education of future officers of river units,
members of the River Flotilla, as well as all other watchkeeping officers.
Also, the simulator can be used for training experienced navigation officers
who do not have experience with certain ship types which exist as
mathematical ship models in the ship simulator.

The research was conducted on the Wartsila Navigation Simulator
NTPRO 5000 (Figure 1) which includes:

— two instructor workplaces with a control and supervision station,

— ship control station,

— radar station — Automatic Radar Plotting Aid (ARPA),

— station with electronic charts — Electronic Chart Display and
Information System (ECDIS),

— station for ship satellite and radio communication — Global Maritime
Distress and Safety System (GMDSS), and

— panels and monitors for visualization.
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Figure 1 — NTPRO 5000 Waértsila Navigation Simulator

The instructor station on the NTPRO 5000 simulator is intended for:
e creation and refinement of training scenarios,
e starting and conducting exercises on the simulator, and
e exercise debriefing.

Simulators also enable the analysis of the ship's maneuvering
characteristics by performing various maneuvers such as the ship's
stopping distance, turning circle, zig-zag maneuver, etc. By comparing the
results of the mentioned maneuvers obtained in real environmental
conditions with those obtained on the simulator, it is possible to evaluate
the quality of the ship simulator itself. Although practical experience on
certain types of ships is of great importance, prior training on a ship
simulator can make it easier to get to know their maneuvering
characteristics. Also, in this way, the expected ship maneuverability can
be tested on the simulator, i.e., in real environmental conditions.

Creation of training scenarios

To create training scenarios, it is necessary to define a clear aim
(goal), and the starting point of the exercise. Since the goals are the
improvement of special skills in subjects related to ship maneuvering and
navigation, it is necessary to respect international Maritime and River
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conventions and regulations (International Maritime Organization, 2010,
2014; Sluzbeni glasnik Republike Srbije, 111/2020) which represent the
normative basis for the development of training. In particular, it is
necessary to respect the regulations that define training based on
simulations and apply the required standards, primarily to improve the
safety and security of navigation. The International Convention on
Standards for Training, Certification and Watchkeeping of Seafarers
(International Convention on Standards of Training, Certification and
Watchkeeping for Seafarers - STCW) adopted in 1978 with the
amendments from Manila in 2010, defines the requirements and standards
of seafarers' training (Soskié et al, 2011).

By using ship simulators, during simulations of extraordinary and
specific navigation conditions, participants gain the ability to predict and
evaluate critical moments and situations when performing tasks. Thus, the
risk of possible accidents is reduced and it helps the members of river units
to anticipate and correctly respond to emergencies that may arise in
navigation, i.e., to acquire knowledge so that they can perform tasks
independently (Radojevi¢, 2013). Training is the process that new cadets
of river units go through when they are onboard to learn how to carry out
their ordinary tasks, and above all to understand how the ship functions to
perform a specific task. In essence, training has a goal that cadets are
educated and trained to perform proper actions and procedures onboard
and to perform tasks independently. Today, simulations are an inevitable
part of almost every learning or training process, and they are especially
important in ship management training as well as in basic aircraft
management training (VIaci¢ et al, 2022).

Some of specific situations onboard that can be simulated are search
and rescue (Radojevi¢ & Kresojevi¢, 2020; Kresojevic & Ristic Vakanjac,
2023), navigation in difficult conditions, navigation in ice and the passage
through a lock, but also many others.

The principles of good practice on a ship simulator are:

e risk reduction;

o efficient bridge team management;

e building teamwork in achieving goals;

e an inexhaustible source of the possibility of repeating actions
in the created situations; and

e atool that enables qualitative and quantitative analysis of the
created scenarios.
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The ship simulator enables teamwork and communication on the
bridge as well as building leadership and commanding skills. The following
resources are available on the ship simulator to provide the highest
possible quality training to the members of river units:

e electronic navigation equipment;

¢ maps and publications, including electronic resources;

e panels and monitors that simulate the hydrometeorological
environment;

e ECDIS;

e GMDSS; and

¢ ARPA radar.

The ship simulator makes it possible to observe the work of a person
in training and if necessary the instructor can run the same scenario and
practice all phases of the decision-making process onboard.

The ship simulator is used in river and sea navigation to solve
problems of maneuvering, primarily in conditions of restricted waterways,
navigation in a limited water area, conditions of shallow water, occurrence
of icebergs, overtaking and passing other ships, etc. (Ari et al, 2013).

Considering that the members of river units realized their tasks in
navigation on inland waterways, teaching scenarios were created so that
they precisely simulate specific situations of navigation on inland
waterways. Namely, navigation through inland waterways, canals, or
straits is very complex and requires experience and alertness, primarily
due to limited water areas, ie., narrow and shallow waterways. The
methodology training on the ship simulator (Diagram 1) begins with
defining the aims of the training through the creation of a scenario that
represents the way and path from the idea to the realization of the exercise
itself and later analysis (Sharma et al, 2018). In this research, the defined
parameters of environmental conditions, river speed, wind speed and
direction, and visibility were used as the parameters of the greatest
importance when performing the maneuver of passing through the lock.
After defining the ship model, the parameters of the environment, the
design and definition of the tasks that trainees should fulfill, as well as the
definition of the parameters that are monitored to make the work itself
measurable, i.e., to define the success of the exercise itself, are
approached. The above data is entered into the software of the ship
simulator which creates the training scenarios. In this way, the instructor
creates the most faithful navigation simulation.
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Creatlng the training
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Diagram 1 — Methodology of training on the ship simulator

In the briefing, the instructor presents the simulation to the entire
group of trainees. The briefing is "commonly focused on practical
information regarding the upcoming scenario and the learning objectives".
(Sellberg, 2018).

The instructor also points out the need to know the meteorological
and hydrological factors that affect river navigation in order to create the
most realistic simulation possible. The instructor, from the instructor's
station, constantly monitors the exercise, monitors the reactions of the
trainees during the training and records the parts of the exercise interesting
for re-examination and analysis (Figure 2).

Figure 2 — Members of the River Units working on the ship bridge simulator
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The instructor can stop or pause the exercise, if necessary. This
allows the instructor to observe and analyze the characteristic phases of
the exercise with the trainees and determine positive actions as well as
possible mistakes they made. At the end of the exercise, the analysis
starts. In the analysis, the instructor discusses individual procedures on
the bridge with the trainees. In this way, critical thinking and reasoning are
developed and correct procedures on the ship bridge are learned.

Solving specific navigational tasks

One of specific tasks in navigation on inland waterways is overcoming
unevenness, which is achieved by ship locks (Bugarski et. al, 2020). Such
a scenario of a passage through a lock is shown in Figure 3.
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Figure 3 — Instructor's station — ship passing through the lock

The lock itself has its parameters of height and speed transition. In
the presented simulation, the lock near Antwerp was used. The
mathematical model of the ship used is a patrol ship, which in terms of
dimensions is most similar to the ships in the River Flotilla. Ship locks are
important elements of waterway systems. To improve the efficiency of
transport on inland waterways, it is important to ensure that ships pass
through locks without having to spend unnecessary time waiting at lock
entrances, which is especially important on frequent waterways (Figure 4).
The use of the simulator is particularly effective when practicing entering
a lock, where hydrometeorological conditions (wind, visibility, river current)
are simulated. The lock specificity requires navigation officers to be very
well trained regarding the choice of maneuvers when entering the lock,
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mooring the ship, going through the lock, changing the water level and
choosing maneuvers when leaving the lock, i.e., exiting it.

The technical characteristics of the lock (length and width of the lock,
capacity in terms of the number of ships in the lock depending on their
characteristics) determine the actions of navigation officers during the
maneuver of entering, going through the lock and leaving it.

By simulating these conditions, cadets and members of river units get
an almost realistic picture of the conditions prevailing in the lock and the
actions during maneuvering.

All ship maneuvers in locks are complex and complicated tasks for all
ships of the River Flotilla, so training in the lock itself without prior
preparation would pose a certain risk to crews and ships. Also, in the lock
itself, due to the dynamics of activities and the specifics of passage
conditions, members of river units are not able to see all the necessary
parameters as they can do it on the ship simulator.

At a time when waterways are being digitized and becoming "smart",
it is important to work on the availability of information that could contribute
to the optimization of the operation of locks and the passage of ships
through locks. Certain authors suggest the use of fuzzy logic and smart
signalization for better traffic organization in the lock area (Bugarski et. al,
2020).

In this way, trainees understand the importance of efficiency in
addition to the safety and security of navigation.

Figure 4 — Visualization of a ship waiting to enter the lock

Radojevi¢, S. et al, Methodology of training members of river units on a ship simulator, pp.924-939



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 2

From the point of view of navigation and execution of a task, ie., in the
cases when an entire riverine unit (fleet/flotilla) needs to pass through the
lock because there is no alternative waterway, it is necessary for a trainee
to calculate the time for that operation. In such situations, the lock
throughput is calculated and expressed by the number of vessels that can
pass through the lock in a certain period. The throughput capacity of a lock
depends, first of all, on the size of the chamber, the duration of the lifting,
the method (one-way or two-way lock), the degree of occupancy of the
chamber, and the like.

The daily throughput, expressed in the number of ships that pass
through the lock, is equal to the ratio of the daily throughput and the time
of one lifting (one-way or two-way), which is calculated according to
formula (1). So, for example, the daily throughput during one-way
transiting the lock of the Danube-Tisa-Danube hydro system (dimensions
L=85m, W=12m, T=3m) amounts to 34 ships (if one ship is accommodated
in the lock), and it is calculated according to the form:

24x60 1440
1= :4_15 ~34 (1)
pr
where: Ty — one-way lifting time.

Large locks, such as the Djerdap lock, which have much larger
dimensions (L=310m, W=34m, T=4.5m) and a passage time of 90
minutes, have a much higher throughput.

Throughput power for two-way lifting is calculated according to the
same principle as the throughput power for one-way lifting (Rosi¢, 2010).
We can use operational research for the problem of lifting a riverine unit
and placing several ships in the lock chamber. In this way, it contributes to
the optimization of the process and the efficiency of the task execution.

Comparative analysis of the use of the ship simulator
and the training in real conditions on board

After the completion of the training of cadets and the training of
members of river units, a comparative analysis of the training on the ship
simulator and the training in real environmental conditions on the ship was
carried out; among others, the following conclusions were reached:

e The simulator provides opportunities to carry out training under
more difficult hydrological and meteorological conditions, which
later, especially for navigation officers, gives better results when
working onboard.
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The use of simulators for the analysis of certain events
(reconstruction) - real situations - accidents, exercises, and similar
is particularly important. The simulator enables a detailed analysis
of a large number of parameters that cannot be observed in a real
situation and subsequently analyzed. Also, this feature of the
simulator can be used when planning exercises or real, especially
specific military tactical tasks, where, by using the simulator,
certain problems can be predicted and overcome, which otherwise
could not be timely detected and preemptively warned against. This
characteristic of the simulator represents a great step forward in
preparing for the implementation of tasks, where a certain number
of difficulties can be prevented by preventive organizational
measures, which favors the preparation of trainees for the
implementation of tasks. The use of simulators with previously
performed reconnaissance of the area where the task will be
carried out is particularly noteworthy. This feature is basic, and
usable for a larger range of tasks, and depending on the character
of the specific task, it depends on the effectiveness - the usability
of the simulator. In this domain, in addition to better preparation
and possible supplementary training for a specific task, it also has
a psychological effect, because better-prepared personnel are
more confident in themselves and in their technique, and will
perform tasks better.

On the inland waterways of the Republic of Serbia, numerous
navigationally difficult areas require great caution because there
are dangerous obstacles that threaten safe navigation and
therefore the simulator can significantly contribute to preventing
accidents and incidents in such areas.

Such assessments were also the subject of analysis in European Union
projects or research within academic and scientific institutions. The results
reached are similar, and among other things, the conclusions are:

that training onboard and on the simulator needs to be understood
as complementary.

that it is certain that the degree of realism is always somewhat
lacking in the simulator. On the other hand, the training possibilities
and the degree of freedom regarding the content of the simulator
training are much greater (European Commission, 2018).

that the last meter during the berthing operation, i.e., as the ship
approaches the dock, the behavior of the ship in the simulator
becomes less realistic. This also applies to approaching any
coastal structure or other ship (Zghyer & Ostnes, 2019).
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All researchers agree that the simulator puts the candidates in real
situations on the river, enabling navigation in various navigation areas with
the same or similar hydrometeorological conditions, without spending
material and technical resources, enabling a greater frequency than would
be the practice without a ship simulator, while also shortening the time
necessary to prepare the exercise.

The training can be carried out on various subsystems (radar,
electronic charts, etc.) that are on the ships in particular, which is important
for river units cadets because for them the simulator would represent the
first contact with those subsystems so that, after boarding the River Flotilla
ships, the time required to familiarize with, train on and master these
subsystems would be significantly reduced. The simulator is used
throughout the education, so that cadets, by gradually mastering the skills
necessary for ship management and navigation, reach the maximum level
of training that will enable them to use the simulator as an integrated
system (Nikoli¢, 2016).

As the simulator enables navigation with various types of ships,
officers who prepare for naval missions have the opportunity to gain insight
into the maneuverability of the ships on which they would perform tasks
during the mission.

Since practice is important in the training of members of river units,
working on the simulator will significantly increase the level of skills and
practical knowledge necessary to perform various jobs on the ships of the
River Flotilla (Nikoli¢, 2016).

Conclusion

With the development of modern technologies, the current education
system encounters inevitable changes to which the Military Academy, as
a higher education institution, continuously adapts. To this end, the NT
PRO 5000 ship simulator was introduced into the system of education and
training of cadets in preparing for river unit officers as well as of river unit
officers' undergoing training. The introduction of the simulator significantly
improves the education and training system, which results in better training
of river unit cadets for initial duties, in improved levels of training of officers
at training courses, as well as in better preparedness of officers for
participation in naval missions (multinational operations).

The ship simulator is a system that realistically represents the ship
bridge. Training based on simulations contributes to the development of
the safety and security of navigation. The goals of the research are the
creation of education content/scenarios on the simulator as well as
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operational research that is applied to specific situations such as
navigation on inland waterways and the ship passing through locks.

Navigation scenarios on the ship simulator are created based on
defined and calculated environmental conditions, as well as specific types
of ships and locks. Instructors, in this way, create the most faithful
navigation simulation. In solving the tasks of optimizing the passage of
vessels, ie., operational research is applied to navigation through locks.
Seafarers and shipowners around the world use simulators and
operational research to solve specific problems in navigation. In addition,
simulations provide a platform for professional seafarers, shipowners, and
engineers to work together in virtual "real world" conditions to solve
specific navigational tasks. This synergy creates the potential for
significant savings in the costs of building ships and facilities, their
exploitation, and increases the efficiency of safety and security of
navigation. The lessons learned using these methods are extremely
important in the education of nautical personnel and represent a
contribution to the introduction of modern training methods. Training on
the ship simulator at the Military Academy provides excellent results,
which, in addition to better preparation and possible additional training for
a specific task, also has a psychological effect, because better-prepared
personnel are more confident in themselves and in their technique, and
will better realize assigned tasks.
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Metodologia de formacién de integrantes de unidades fluviales en un
simulador de barco

Slobodan M.vRadojeviéa, Milan M. Kresojevi¢?, autor de correspondencia,

Svetislav D. Soski¢P, Dejan D. Mihajlovic®

Universidad de Defensa de Belgrado, Belgrado, Republica de Serbia

a Academia Militar, Departamento de Ciencias Sociales y Humanidades,
Departamento de Ciencias Sociales
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Departamento de Técticas con Sistemas de Armas

¢ Escuela de Defensa Nacional "Mariscal de campo Radomir Putnik"

CAMPO: informatica (educacion), ingenieria mecanica
TIPO DE ARTICULO: articulo de revision

Resumen:

Introduccién/objetivo: Este articulo tiene como objetivo presentar la
metodologia para la creacion de contenidos/escenarios educativos en un
simulador de barco (simulador de puente) que sirva a los oficiales de
unidades fluviales en el desarrollo de la capacidad de reaccién al realizar
tareas tacticas regulares y militares en los barcos de la Flotilla fluvial.
Ademas, el entrenamiento en el simulador tiene como objetivo capacitar a
los oficiales de las pequefias unidades fluviales utilizando las tecnologias
modernas de la informacion.

Métodos: El articulo utiliza métodos de simulacion, métodos
experimentales, estudios de casos e investigacion operativa.

Resultados: Se crearon contenidos/escenarios educativos especificos,
también se desarroll6 una metodologia especifica y se definieron
claramente los principios segun los cuales se crean contenidos/escenarios
en el simulador de barco.

Conclusion: Mediante el uso del simulador de barco, en diferentes
escenarios de ensefianza, tanto cadetes de unidades fluviales como
miembros de unidades fluviales se entrenan y adquieren la capacidad de
reaccionar adecuadamente en situaciones reales en el menor tiempo
posible.

Palabras claves: simulador de barco (simulador de puente),
metodologia de entrenamiento, unidades fluviales, respuesta a
emergencias, maniobras de barcos.
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MeTogonorusi o6y4eHnst BOBHHOCHYKaLLMX pevHOl PNOTUIUK Ha
CYAOBOM CUMYTATOPE

Crno6odaH M. Papgoesuny?, MunaH M. Kpecoeeun4®, KoppeCrnoHAEHT,
Ceemucnas [1. Wowknd®, fesH [1. Muxainosuys

YHusepcuteT obopoHsl B 1. benrpag, r. benrpaa, Pecny6nuka Cep6bus

@ BoeHHas akagemusi, [lenapTaMeHT coumarnbHbIX U TyMaHUTapHbIX Hayk,
Kadenpa coumanbHbIx Hayk

6 BoeHHas akagemusi, [lenapTamMmeHT coupanbHbIX U ryMaHUTapHbIX Hayk,
Kadbenpa TakTukm ¢ cuctemMamMmm BOOpPYXeHUs

® LLikona HauunoHanbHon o6opoHbl «Pensamapian Pagomup MyTHUK»

PYBPUKA TPHTW: 28.17.31 MoagenupoBaHue npoLeccoB ynpasneHus,
30.15.35 Teopusi MEXAHNU3MOB U MaLLVH,
27.47.00 MatemaTtuyeckas knbepHeTuka

BWO CTATbW: o63opHas ctatbs

Pe3swome:

BeedeHue/uenb: Llens  OdaHHOU  cmambU  3aKnwo4yaemcss 8
npedcmasneHuu  memodosioeuu  co30aHusi  obpa3zoeamesibHO20
KOHmMeHma/cuyeHapues Ha cydoeom cumynsmope (bridge simulator),
KOmopbili  MOMOXem B0EHHOCYXalyuM pPevyHo20 ¢hrioma paseumsb
crnocobHocme bbicmpo20o peazaupo8aHuUs NPuU 8bIMOIHEHUU WMamHbIX,
a makxxe boeesbix U makmu4yeckux 3aday Ha cydax PeuHoul conomunuu.
lpu nodeomoeke G0EHHOCYXaUWUX PEYHOo20 hrioma Ha Ccy0o8oM
CUMYyniSmope  UCMOoNb3Ylomcsi  COBPEMEHHbIE  UHGDOPMaUUOHHbIE
mexHosioauu.

Memodel: B cmambe ucnonb3yromcsi MemoObl MOOenupo8aHus,
aKcnepumeHmaribHble mMemoosl, uccriedosaHue cnyyasi u
ornepauyuoHHble uccredoeaHus.

Pesynbmamei: bbinu paspabomaHbl KOHKpemMHbIe 0bpa3ogamesibHbIe
KOHMeHMmbI/cueHapuu, a makxe KOHKpemHass Memodosnoausi rpu
yemko orpedenieHHbIX MpUHUUNax, 8 coomeemcmauu ¢ KOmopbiMu
KOHMeHmMbI/cyeHapuu co30aromcsi Ha cy0080M CUMYIISIMOope.

Bbigodbi: Hcrionb3ysi cydoeol cumyrnsamop 8 pasfiudHbIX y4ebHbIX
CUeHapusiX, KypcaHmbl, @ makxe 80eHHOCTy)xaujue peyHol ¢hromunuu
Mpoxodsm y4eHusl U pasguearom HaebiKu bbICmpo20 peaz2uposaHusl 8
pearibHbIX cumyauyusix.

Kntouesbie crnioga: cydogoli cumyrnsamop, mMemodosiocusi 0byyYeHus,
peyHas promunusi, peasuposaHue Ha 4pesaesbidaliHble cumyauyuu,
MaHespuposaHue cyOHOM.
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MeToauka obyke npunagHuka poga pevyHuUx jeamHuLa Ha 6poackomM
cumynaropy

Crio6oda+ M. Papojesuh?, Munaq M. Kpecojesuh®, ayTop 3a npenucky,

Ceemucnae [. Wowkuh®, Jejan . Muxajnosmh®

YHuBepautet ogbpaHe y beorpaay, Beorpaa, Peny6nuka Cpbuja

2 BojHa akagemMuja, [lenapTMaH ApYyLITBEHO-XYyMaHUCTUYKMUX HaykKa,
KaTegpa apywtBeHnx Hayka

6 BojHa akagemuja, [lenapTMaH OpyLUTBEHO-XyMaHUCTUUKMX Hayka,
KaTegpa TakTuke ca cuctemmma Haopyxara

® LLikona HaumoHanHe oabpaHe ,Bojsoga Pagomup MNyTHUK”

OBJIACT: payyHapcke Hayke, MalWMHCTBO
KATEFOPWJA (TWUM) YNAHKA: nperneaHu pag

Caxemak:

Yeod/yurb: Lurb osoe pada je da ce npukaxe memoluka Kpeupar-a
HacmaeHux cadp:xaja/cyeHa Ha 6pOACKOM cumMyrnamopy Koju he cryxumu
ochuyupuma poda peqHux jeduHuya y  paseujarby CrIOCObBHOCMU
peazosarba NMpunuKkom uaspuiagaqa pedosHuUX U bopbeHux 3adamaka Ha
bpodosuma PeyHe chriomune. Takohe, yurb obyke Ha cumyrnamopy je
edykayuja ogpuyupa poda peyvHUX jeduHuUua MPUMEHOM CaspPeMeHUX
UHGbOpMaUUOHUX mexHosioauja.

Memode: Y pady ce kopucmu memola cumynayuje, memooda
ekcriepumeHma, cmyoduje crydaja u orepayuoHa ucmpaxuearba.

Pesynmamu: KpeupaHe cy crnieyucbudHe HacmaesHe cuyeHe/cadpxaju, npu
yeMmy je passujeHa u mMemoduka Kpeuparsa, U jacHO cy OeghuHUCaHU
apuHyunu o kKojuma ce Au3ajHupajy cadpxaju/cueHe Ha 6podckom
cumyrnamopy.

Sakrbyyak:  Ynompebom 6podckoz cumynamopa, y pasfudumum
HacmaeHuM cueHama, kabemu poda peyHux jeduHuya, kao u rpunadHuyu
080e poda, oby4asajy ce u cmudy criocobHocmu da y cmeapHoj cumyayuju
peaeyjy adekeamHo 3a Wwmo kKpahe spemMe.

KrbyuyHe peuu: 6podcku cumymamop, MemooOuka obyke, pedyHe
jeduHuuye, peazosare y KPUMUYHUM cumyauyujama, MaHespucare
6poodom.
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CABPEMEHO HAOPY>XXAHE N BOJHA OMNPEMA
COBPEMEHHOE BOOPY>XEHVE 1 BOEHHOE OBOPY[JOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

[a nu je pyckn catennt Cosmos 2553 TecT 3a byayhe
opbuTanHo HykrneapHo opyxje??

Bebcajt Breaking Defense pobuo je ekcknysmBHe WHgopmauuje koje
Nnokasyjy jeAVHCTBEHY NyTaky PYCKOr CUCTEMA, 3a KOjWu, Kako CTpy4YHsaum Kaxy,
amepuyKa Briaga cmatpa fa ce paauM O CBEMMPCKOM HYKIIeapHOM Opyxjy. Y
CA[L ce cymmwa ga npepctaBrba TECTHW caTenut 3a OyayhHOCT cBemMupcKor
paTtoBaha, OAHOCHO [a Ce paau O HyKeapHOM MPOTMBCATENUTCKOM OpYXjy
Koje neTu y HecBakupallwoj opbuTn. JedaH aHanuTuyap Kaxe ga ce paau o
caTenuTy ca pagapoM ca CUHTETUYKMM OTBOpOM (synthetic aperture radar
(SAR)) 3a nocmaTtpare 3emrbe — anu BepoBaTHO W 3a TecTupawe Oyayher
pacnopefa opbutanHor HykneapHOr opyxja.

Camenumcke opbume oKo 3emrbe

Cosmos 2553, npema He3aBWCHUM CTpyyHauuma, Hamasu ce Y KPYXHOj
opbutn og oko 2.000 kKnnomeTapa Ha Hajaarboj UBMUM nojaca HUCKe 3eMribuHe
opbute (low Earth orbit (LEO). MNokpeHyT y debpyapy 2022, pagn y obnactn y
KOjoj Hema Apyrnx cuctema; jeQuHN No3HaTu NpaTuoLm Cy My jefaH MpTaB pPyCcKu
cateriut 1M 10 MPTBMX amepuyknux KomepumjanHux cartenuta M3 KacHUX
AesefeceTux rognHa.

1 https://www.wsj.com, 17. maj 2024.
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Ta opbuta m™morna je ©OuTM un3abpaHa kako Ou omoryhuna
eKkcrnepumeHTucarwe Koje He OM yTuuano Ha gpyre catenute, U 3aTo LWTO
oTexasa npahewe. Takohe, npeTnocTaBrba ce ga 6u TakBa opbuta morna 6utn
6e3begHuja 3a [OyroTpajHO CTauuoHMpake caTenuTa Koju HOocu  onacaH
HyKrneapHu TepeT, jep 6u 6una marwa MoryhHOCT yaapa of KpXoTuMHa Wi HeKor
apyror catenuta. HvujegaH amepuykm 3BaHWYHWK HE TBPAW, HUTKU cyrepuile, Aa
Cosmos 2553 Hocu HykneapHo opyxje. Anu, noctoju ogpeheH pepocneq
namvehy HaBoga m3 CALl o Hamepu Pycuje ga nocTaBu HyKIeapHO opyxje Yy
cBeMup, WTO novnkse of ebpyapa, n catenuta Cosmos 2553.

@ coMsPOC

@ LEOLABS

%‘SLING-SHOT

Opb6bumarnHu nnaH camenuma Cosmos 2553

Amepunukn CTejT genapTMeHT je, 3. Maja, UM3HeO 3aroHeTHe onacke o
HEMMEHOBAHOM caTenuTty y ,Heobu4yHoj;” opbuTu Koju je [eo HOBOr pyckor
nporpama. Hasogm ce ga opbuta catenuta ,Huje Guna OOBOSBHO BUCOKa Y
OAHOCY Ha pagujaumnjcko OKpyxkewe fa om omoryhuna ybp3aHO TecTupawe
ereKTpoHMKe, Kao WTo je Pycuja onucana cepxy’.

Bebcajt Breaking Defense je notBpamo usBewTaj Yaconuca Wall Street
Journal, og 16. maja, y Kojem ce kaxe fa je catenut Cosmos 2553 cucrtem Ha
koju je CtejT genapTMeHT mucnmo. MehyTtum, oo caga HujegaH 3saHnyHuk CA[
Huje jaBHO o3HauyMo Cosmos 2553 kao catenuT O KOMe je ped, Ynpkoc
YnkeHnuM aa leHTaroH vma npucTyn NpeumMsHujum nopjauuma 3a npahewe
cBeMMpa of [Apyrux UMBWIHUX WCTpaxuBaya Koju cy Owunu 3ayseTu
npoyyasarkeM pPycKor cucTema.

BpojHn HeszaBuMCHM CTpydrwaum o3Haumnn cy Cosmos 2553  «kao,
HajBepoBaTHuWje, MPBEHCTBEHO AM3ajHnpaH kao CAP catenuT 3a WnujyHmpame
3emMarbCkux uurbeBa. Anu, HEKONMKO HMX CleKkynuwe ga 6w catenuT morao ga
CNpoBOOMN EeKCMepUMMEHTEe Ca APYrUM KOPUCHUM TepeToM, (DOKYyCUpaHUM Ha
TecTuparbe 3awTute nogcuctema 6Guno  kor  6ygyher  HykneapHor
aHTUCATENUTCKOr OpYXja of OyroTpajHoOr nanaraka amoujeHTanHoM 3pavety u
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HaenekTpucaHMM 4YecTuuama y CBEMUPCKOM OKpYXeky, WTOo O6M morno aa
JoBede OO kBapa WHcTanauuwja Ha catenuty. Ha ckopo 2.000 kunomeTtapa
BUCUHe, catenut Cosmos 2553 61o 61 M3noxeH BMWIMM HMBOUMA paaujauuje
Hero y Hwmxoj opbuTtn. Benvku je npobriem LITO HyKNeapHO Opyxje koje je
pacrnopeheHo y cBemupy Mopa pAa npoBede Ayr nepuog 6e3 Hapgsopa.
.f1peTnocTtaBrba ce ga 6u jeaHo og Moryhux objawrera 6uno npukynrbamwe
nogaraka o AyropoyHum edektnma 6opaeka y opouTtun”, pedeHo je y LleHTpy 3a
ctyanje Henponudepauuje ,Llejmc Maptun” UHcTtutyta Mnanbepn y MoHTepejy,
KanndopHuja.

LEOLABS

Padapcko npahere nymare camenuma Cosmos 2553

Ha WHcTUTYyTy YjeamweHux Hauuja 3a UCTpaxuBake pasopyxama Y
KeHeBM cnaxy ce ca OBaKBOM KOHCTatauujom W cmatpajy ga ce pagu o
eKCMepuMEHTY Koju npoyyaBa 3allTUTY pasnuyuTe enekTpoHcke orpeme. YnHu
ce foa amepwuyka obaBeluTajHa 3ajedHMUa Bepyje Aa OBa onpema Mma Be3e ca
HyKrneapHUM opyxjeM. Arnun, To je ckopo Hemoryhe fokasaTn Unu onoBprHyTy.

3BaHnuHnum  CAL  cTpaxyjy pna Pycuja pasBuja  HykneapHo
NPOTMBCATENIMTCKO OpYXje Yuju je uurb yHUWTaBawe CBUX caTenuTa y HUCKO]
3eMrbuHOj opouTw.

®DoKyc Ha HUCKY 3eMrbuHy opbumy

JegHa Heobu4yHocT opbuTe catenuta Cosmos 2553 jecte oanyka ga ce
caTenuT NocTaBu Y ropku TOK HUCKe 3eMrbuHe opbuTe, 3HaTHO u3Hag BehuHe
ApYyrux catenura y Tom opoutanHom pernoHy.

Hucka 3emrbnHa opbuta je Mecto Ha kojeM ce Hanasu BehunHa CBETCKMX
caTenuta 3a darbWMHCKO OeTeKToBawe, anu je Taj CNnoj CBe WHTepecaHTHUjU
amepunykoM MwuHucTapcTBy opbpaHe, Koje HacToju ga omoryhu 6e3begHujm
nomnoxaj 3a MHOLWITBO Manux caTenuta 3a Mucuje Koje je Yy MnpoLunocTu
MoKpMBano HEeKONWKO Bemnukux catenuTa. [lopea Tora, Ty ce Hanase u mera-
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casgexna Of HEeKonuMKo xurbaga Op3nx KOMYHMKAUMOHWX caTenuTa Bernuvke
KOMYHMKaLUMOHE MPOMNYCHOCTU KOje TPEHYTHO KOPUCTE YKPajUHCKe cHare y paTy
Te 3eMmrbe ca Pycujom.

N CjeauwweHe [pxaBe u Pycuja cy cBe BMLWIE 3aMHTepecoBaHe 3a
nocTaBrbake catenuTa 3a Hagrnegawe Apyrvx caTenuta y HUCKOj 3eMIbUHOj
opbutn kako 6K, y HajMary pyKy, MpaTuiM akTUBHOCTM jedHun apyrux. Mlako cy
aMepuyKM caTenuTu Koju Hagrnedajy cBemup Ounu CTauuoHMpaHu Yy HUXKO]
opbuTtn op pyckor catenuta Cosmos 2553’s, TO Huje Tako ganeko ga 6u ce
n30erno KMUXOBO UCMUTHUBAHE.

CeBemupcke cHare Ccy JnaHcupane caTenute OrnpemMIibeHe CUCTEMOM
CUTyaLMOHE CBECHOCTU Y HUCKOj 3eMIbMHOj opbunTn, Kao Aeo ekcrnepuMeHTanHe
Kamnawe cnyxbe 3a ybps3aBaktbe UMKIyca naHcumpawa, kako 06u ybps3aHo
pearoBane Ha opbutanHe npeTwe, anu u omoryhune 6p3y 3ameHy CBUX
CBEMUPCKNX cucTema nsrybrbeHumx y 6opou.

Y jyny 2021. rognHe, KomaHga CBEMUPCKMX CUCTEMA NaHcupana je CBOj
npen Manu catenut SDA nog HasmBom Odyssey y OKBMPY CBOr nporpama
JlaHcupane Taktmnykor ogrosopa (Tactically Responsive Launch-2 (TacRL-2),
MUCHje KOja je nodena Aa pagau y BasgyxonsnoBHUM cHarama y majy 2019. nog
Ha3nBoM Rapid Space Launch Initiative (RSLI). Taj catenut je 18. geuembpa
2022. rognHe msawao 13 opbute, MNOHOBO ywao y 3eMibuMHY aTtmocdepy u
nsropeo.

Opyra mucuja nog HasmeBom Tactically Responsive Space-3 (TacRS-3)
nosHaTuja je Mo KOAHOM MMeHy caTenuTta Koju ce naHcupa — Victus Nox. Y
KomnaHnuja Boeing Millennium Space Systems je, y centembpy 2022. roguHe,
nzabpaHa 3a wusrpagwy TOr caTtenuta, a komnaHwja Firefly Aerospace
obesbeauna je naHcupHO BO3uno. Mucuja je ycnewHo ucnyHuna cBoOj Lnib U
naHcupana catenut 14. centembpa 2023. roguHe.

Victus Nox. Ha3BaH je ,onepaTMBHUM” eKCNepuMeHTOM, Au3ajHupaHuMm aa
MPYX1 NoApLUKY aMepu4kom catenuTy SpaceCom.

CartenuTt TpeHyTHO ocTaje y CBOjoj opbuTn Ha oko 435 kunomeTtapa BUCUHE.
KomaHga cBemupckux cuctema je, 22. maja, obaBectuna ga Victus Nox He
,B0ON MUCUj)y HUTU emuTyje”. CaTtenuT je ,CTaBrbeH Yy OpbuTy KOHa4HOr
ognarawa M nacueusvpaH, npatehum crtaHgapoHe npakce 3a ybnakasBare
opbutanHor otnaga”.

MeRytnm, jacHo je pa cy m Victus Nox u Odyssey npe wera umanu
NpWnuKy, AOK Cy Bunu onepaTmBHW, Aa npoueHe pyckm Cosmos 2553.

UctnHa je pa je He3amMmucnMBO Aa OGU HEKM aMEpPUYKM CEH30PU Yy HUXKO]
3eMrbnHOj opbuTn wurHopmcann OwWNo Koju oOnepaTMBHU pPYCKM caTenut 'y
6nm3nHn. To ce He ogHock camo Ha Cosmos 2553 Beh n Ha caTenuTt Koju je
Pycuja naHcupana 16. maja, 3a Koju je amepuykun ambacagop PobepT Byg pekao
y CaBety 6e36egHocT YH Oa je BepoBaTHO aHTUCATENUTCKO OpyXje Koje caa
npaTu catenuT amepuyke Brage.

Space News je npBa areHuuja Koja je uM3BecTuUna fa ce HOBU pPYCKM
catenut Cosmos 2576 noneo v ywao Yy 3ajegHuydky opbuty Ha oko 440
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KnnomeTapa BUCMHE Ca amepuydkum mssuhadkum/wnujyHckum catenutom USA
314.

YuHm ce ga je Cosmos 2576 jow jegaH ofn catenuta koju je Pycuja
Ha3Bana ,Hag3opHMM” jep cnyxu 3a npahewe objekata y HWKO] 3eMIbUHO]
opbutn. Ha nHTepHeT BrnoroBnma kpyxe MHopmaumje ga Cy pycku Haa3opHU
caTenuTu 3anpaBo koopOuTanHa npoTMBCATENMTCKa OpyXja, anvM ga Hucy
HaopY>KaHW HyKIieapHUM OpyXjeMm.

AmepukaHuu Beh nnanupajy cnegehy ntepaumjy TacRS-3, HasBaHy Victus
Haze. Y anpwuny je KomaHga cBemupckux cuctema objaBuna yroBope y OKBUpY
HOBOr Harnopa 3a HaumoHanHy 6e3begHocT 3a Rocket Lab National Security u
True Anomaly. Catenutn koje he passutn oBe aBe cupme Tpeba ga Gyay
OnNTUMM30BaHM 3a GrMcke NpucTyne gpyrum catenutuma.

leHepan-notnykoBHuk  Philip  Garrant, koju pykosogun KomaHgom
CBEMMPCKMX cuctema, msjaBuo je ga he catenutu-ntuue Victus Haze ©wutum
naHcupanu Herge 2025. roguHe”.

Pycuja je naHcupana aHTucaTenmnTCcKo opyxje?2

Amepuyka Brnaga ontyxuna je Pycujy 3a naHcupake  HoBOr
aHTUcaTenuTckor opyxja. YmHu ce ga ce objekat koju je Pycmja ogbuna pa
noeHTndurkyje, Hanasm y ceemupy y OGnuanHM BaXHOr amMepudkor caTtenuTa.
Hes3aBucHu nocmatpaum Heba mMory NOTBpPOUTKU Oa je HOBWU PYCKWU caTenuT BPIIO
OnM3y TajaHCTBEHOM aMepuykoM caTenuty, anuM HUKO OCUM  pPYCKOr
MuHucTapcTBa oagbpaHe He Moxe pehu WwTa je heros 3agaTak.

2 thewarzone.com, 3. Maj 2024. r.

944




MucTepnosHn catenut naHcupaH je y HUCKy 3emrbuHy opbuty 16. maja
2024. roguHe, a Ha HepaBHoOM OpuduHry lNeHTaroHanoTBpheHo je ga Bnaga
Hagrnena Taj objekaT n Bepyje Aa NpeacTaBrba OpyXje NpoTUB caTtenuTa.

Takohe je pevyeHo Oa je Pycuja naHcupana caTenuT y HUCKY 3eMibUHY
opbuTy 3a koju [NeHTaroH npouekyje Aa je BepoBaTHO NPOTMBCBEMUPCKO OpYyXje
3a Koje ce MpeTnocTaBiba Aa MOXEe [a HarmagHe Apyre catenute y HUCKO]
3eMrbunHOj opbutn. Hucy npeumanpaHn pasnoaw 300r Kojux je pycku caTenut
naeHTMdMKoOBaH Kao opyxje, a He Kao jow jegHa onepaumja Hagsopa.

Ha ppywTBeHoj mpexn Wkc (buwBwwn Teutep), actpoHom LloHaTtaH
Mekgayen je noTBpAWO Aa pycku catenut, nos3HaT kao K-2576, 3ancta BucK Oko
amepudkor catenuta US 314, Takofe MUCTEPUO3HOr caTenuTa naHcupaHor
2021. roguHe. Catermtom US 314 vynpaBrba HaumoHanHa w3BuMhadka
KaHLenapvja, WTO cyrepulle ga ce pagu o wwnujyHckom catenuty. Mekgayen
Hanomuwe da je K-2576 y wctoj opbutanHoj paBHu kao u US 314, anm je
Haj6nvXXM NpUCTYN TPEHYTHO HEKOMMKO CTOTMHA KunomeTtapa. OH cmaTpa ga he
ce K-2576 BepoBaTHO yCKOPO NOTNYyHO Npubnmxntn catenuty US 314.

Y HakHagHOM nocTy, Mekgayen wuspaxasa ckentuumsam ga je K-2576
opyxje npoTtnB catenuta. OH ncnpaBHO UcTude ga je Pycuja naHcupana 6pojHe
caTenuTe Koju camo nocMaTpajy amepuyky MMOBWHY y CBEMMPY, anu je He
Hanagajy. C gpyre cTpaHe, He ©6u 6uno HeyobuyajeHo ga Pycuja naHcupa
cBemMupcko opyxje. Haume, pycko MuHuctapctBo ogbpaHe je y MmpoLniocTu
TeCcTMpano aHTMCaTenMTCKO OpyXje, U XBanu ce cBojoMm crnocobHowhy fa omeTta
opbutanHa cpefcTsa Koja npunagajy npoTuBHuUMMa. Pycuja jow Huje cnposena
Te nNpeTwe y geno.

Pajgep je Ha BpudmHry HaBeo HEKONUKO NpuMepa PYCKOr aHTUcaTenmTCKor
opyxja. HaBogHu TecTt pyckor catenutckor youue 2021. roguHe npousBeo je
obnak KpxoTvHa Koju je npetMo MmehyHapogHoj ceemupckoj cTanuum MCC.
Cnepehe roguHe HACA je ycnena ga nomepu ctaHuuy BaH onacHocTu. Unak,
noctoju 03burbHa 3abpMHYTOCT OkO Tora wTa OuM ce MoOrno JoroguTn ca
amMepunykoM opbuTanHOM MMOBMHOM ako Bulle caTenuta Oyde YHULUTEHO Y
KoopAuHMpaHoM Hanagy. TakBa eckanauuwja 6w, Takohe, Morna fa yrposu
koHcTenauujy Starlink komnaHuje SpaceX, kojoj je Pycuja gupektHo npetuna
300r HeHe JOCTYNHOCTY OPY>KaHWM CHarama yKpajuHCKe BOjCKe.

Y 0oBOM crny4ajy Huje jaCHO O KakBOj BPCTW aHTUCATENUTCKOr OpyXja ce
pagwn. [NpBa aHTUcaTenuTCKa OpyXja Npou3BeAeHa Cy Kpajem cegamaeceTux u
NMoYyeTKOM OcampaeceTux roguHa; To cy bune pakeTte koje Cy ce naHcupane ca
amepudkor nosua F-15. Pakete ASAT cy pasBujeHe 3a BpemMe amepudkor
nporpama ,parta 3Besfa”, amepuykor npegceaHuka PeraHa. Y mehyBpemeHy cy
ce oTKpuBarne NnoHeke, Hekafda CTPOro noeepsrbuBe uUHdopmauumje, nNa je pevyeHo
na je Cosjetckm CaBe3 pa3Buo nocebHe Tornose (kanvbpa 23 Mm) Koju Cy MOrnn
na OpaHe cBOj catenut (Unwu pa Hanagajy Tyh). lNojaBmbuBane cy ce u
cnekynauuvje 0 pasHUM HauyvHUMa LejCTBa MO NPOTUBHUYKUM caTenuTMMa Koju
Cy VYKIbyuMBanyM MyHULM)Yy KUHETMYKOr [ejcTBa, YCMepeHe HykrneapHe
ekcnnosuje, anuM W ycMepeHa HyKneapHa 3padvera. Y3 TakBe BuULLEe-Mame
baHTacTMyHe uaeje (koje cy MOXAa W peanu3oBaHe) pasBujaHa Ccy WU
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ycaBpLlaBaHa pakeTHa OpyXja ca KUHETUYKUM Unu pparMeHTaumoHMM AejCTBOM
ca amepuyke, pycke, a y nocnegrwe Bpeme 1 ca KMHecke cTpaHe.

Jow yBek ce He 3Ha MHOro O CTOTMHaMa W Xurbagama caTenuTa Koju
Kpyke 3emrbuHOM opbuTtoM, oA Kojux camo Mpexa WnoHa Macka 6poju
Hekonnko xurbaga. KomnneTHa amepuyka BOjHa [OOKTpMHa Ce ocnawa Ha
ynoTpeOy nogataka M KOMyHMKauuoHe Mpexe u3 cBemupa. CBaka npeTha
ycmepeHa Ka cnabrbewy amepudkor CBEMMPCKOr cucTemMa 3a Hagsop,
KOMyHMKauuvja, a MOXaa n odaH3MBHUX OejcTaBa ymMHoOrome 6u ypywiuno moh
amepuyKke BOjHe cure. Y OBOM CIyyajy, €BeHTyarnHO rybrbewe YKpajuHCKor
KOMYHUKaLIMOHOT cucTemMa y paTty ca Pycnjom je noTnyHO HEBaXHO.

Hpazax M. Byykosuh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic64@gmail.com,

ORCID iD: "“#https://orcid.org/0000-0003-1620-5601
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NMo3nB 1 YIYTCTBO AYTOPUMA
MNPUMALLEHVE N MHCTPYKUNA AJ1A ABTOPOB PABOT
CALL FOR PAPERS AND INSTRUCTIONS FOR AUTHORS

NO3UB N YIIYTCTBO AYTOPUMA O HAYUHY NMPUNPEME YNAHKA

YnyTcTBO aytopuma O HauyuHy npunpeme 4naHka 3a objaBrbuBare Y
BojHomexHu4YkoMm 2nacHUKy ypaheHo je Ha ocHoBy [lpaBunHuka o kaTeropusaumjn n
paHrupary Hay4yHux yaconvca MuHuUCTapcTBa NpocBeTe, Hayke U TEXHOMOLUKOr pasBoja
Peny6nuke Cpbuje ("Cnyx6eHun rnacHuk PC", 6poj 159/20). MNMpumeHa osor NpaBunHuka
MPBEHCTBEHO CMyXK yHanpeherwy kBanuTeTa AoMahnx Yaconmca n HKUXOBOr MOTMyHWjer
yKIbyuMBama y MeflyHapoaHu cucteM pasmeHe HaydHux nHdopmaumja.

BojHoTexHuuku rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.mM0.ynp.cp6, www.vig.mod.gov.rs, ISSN 0042-8469 — wrtamnaHo usgawe, e-ISSN
2217-4753 - online, UDC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik), jecte peueH3mpaHu Hay4Hn Yaconuc.

BrnacHuumn vaconuca cy MwuHuctapctBo onbpaHe Penybnuke Cpbuje n Bojcka
Cpbuje. N3pgaBay 1 dmHaHcujep Yaconuca je YHuepauteT ogbpaHe y beorpagy (BojHa
akagemuja).

[Mporpamcka opujeHTaumja 4aconuca 3acHMBa Ce Ha rogMH0j Kateropusauujun
yaconuca, Kojy BpLUN HaANeXHO ApXKaBHO MUHUCTAPCTBO Y ogpefeHnm obnactnma, kao n
Ha HEeroBOM MHAEKCUPaky y MefyHapoaHUM nHaekcHum 6asama.

Yaconuc obyxsaTa Hay4yHe, OQHOCHO CTpy4He obnacTtu y OKBuMpy 06pa3oBHO-
Hay4HOr norba NPUPOAHO-MaTeMaTU4KMX HayKa, Kao U y OKBMpPY 06pa3oBHO-Hay4HOr
norba TeXHWYKO-TEXHOJIOWKNX HayKa, a Hapounto obnacty oabpambeHux Hayka w
TexHonorunja. OG6jaBrbyje Teopujcka M nNpakTMdHa [pJocTturHyha Koja gonpuHoce
ycaBpLuaBawy CBWX MpuNagHWka Cprncke, perMoHanHe v MehyHapogHe akagemcke
3ajegHvue, a nocebHO npunagHuka BOjCKM M MUHWCTapcTaBa opbpaHe. [yGnukyje
pafoBe ca YpPaBHOTEXEHUM W3BELUTABaKEM O aHanuTUYKUM, eKCrMepVMEHTanHuM U
NPUMEHEHUM UCTPaXuBawyMa, Kao W HyMEepU4kMM cumynauujama, obyxsatajyhu
pasnuunte AaucumnnvHe. OG6jaBrbeHM MaTepujanM Cy BWCOKOr KBanuteta W
peneBaHTHOCTWN, HaMUCaHW Ha HaYuH KOjU WX YMHW AOCTYMHUM LUMPOKOj YMTanaykoj
ny6nuumn. Cen pagoBu KOjU U3BeLLTaBajy O OPUTMHAMHUM TEOPWjCKUM W/MMWM NPaKTUYHO
OpVjeHTUCaHNM UCTpaXnBakMMa Unu npowmnpeHnM Bepsunjama Beh objaBrbeHnx pagosa
ca KoHdpepeHuuja cy pobpogownun. PagoBu 3a objaBrsvBame ogabupy ce ABOCTPYKO
CcrnenvM MNOCTYNKOM peLieH3mnje Kako 6u ce ocurypana OpUrMHanHoCT, PeneBaHTHOCT U
ynTrbMBOCT. MpUTOM UMb HUje camMO ga ce kBanuTeT objaBrbeHMX pagoBa OAPXKU
Bucokum Beh n ga ce o6e3bean npaBoOBpPEMEHW, TEMEIBHN U YPaBHOTEXEHWN MOCTynak
peleH3uje.

YpehuBadka nonmutuka BojHomexHuuYkoz2 anacHuka 3acHMBa Ce Ha npenopykama
Opbopa 3a etuyHocT y n3gasawTey (COPE Core Practices) u 3ajegHUYKkMM npyHUmnuma
TpaHCMapeHTHOCTU 1 Hajborbe npakce y nsgasawTtey COPE, DOAJ, OASPA n WAME, kao
1 Ha Hajborenm nNpuxeaheHUM nNpakcama y Hay4yHOM W3AaBalUTBy. BojHoOmexHUYKU 2nacHUK
je unaH COPE (Committee on Publication Ethics) o 2. maja 2018. roguHe n unaH OASPA
(Open Access Scholarly Publishers Association) og oa 27. HoBembpa 2015. rognHe.

MuHMCTapCcTBO NpPOCBETE, Hayke WU TEXHONoWkKor pa3eoja Penybnvke Cpbuje
yTBpAuno je gaHa 27. 12. 2023. rognHe kateropu3sauunjy BojHomexHu4Koe anacHuka, 3a
2023. roguHy:
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— Ha NMCTM Yacomnuca 3a pavyHapcke Hayke:
KaTeropuja BPXyHCKM 4aconuc HaumoHanHor 3Havaja (M51),

— Ha NMCTK Yaconuca 3a eNeKTPOHUKY, TerNleKoMyHuKaumje u MHpopmaumnoHe
TexHonoruje:
KaTeropuja BPXyHCKM 4aconuc HaumoHanHor 3Havaja (M51),

— Ha NMCTM Yaconuca 3a MalIMHCTBO:
KaTeropuja HauMoHanHu Yaconuc mefyHapogHor 3Havaja (M24),

— Ha NMCTU Yaconuca 3a MaTepujarne u xeMujcke TexHororuje:
KaTeropuja HaumMoHanHn Yyaconuc mefyHapogHor 3Havaja (M24).

YcBojeHe nucte gomahux yaconmca 3a 2023. rogMHy Mory ce BUMAETU Ha cajTy
BojHomexHu4koez anacHuka, ctpaHmua Kamezopusayuja yaconuca.

OeTtarHuje nHdopmaumje mory ce npoHahu u Ha cajTy MuHucTapcTBa npoceeTe,
Hayke 1 TexHonowkor passoja Peny6nuke Cpbuje.

Mopaum o kateropusaumju mory ce npatutn u Ha cajty KOBCOH-a (KoHsopuujym
6ubnunoteka Cpbuje 3a objeanreHy HabaBky).

Kateropusaumja yaconuca mssplueHa je npema [lMpaBunHuKy O kateropusaumjun n
paHrnpawy HayyYHux Yaconmca MuHucTapcTBa NpoOCBETE, HAayKe M TEXHOMOLUKOr pasBoja
Peny6bnuke Cpbuje ("Cnyx6eHnn rmacHuk PC", 6poj 159/20).

Yaconuc ce npatu y koHTekcTy Cprnckor uutatHor mHaekca — ClUuHpekc (6a3a
nogataka goMmahmx HayvyHux 4Yaconwuca), HaydHo-mHdopmaumoHor cuctema Redalyc u
Pyckor uHpgekca HaydHor umtupawa (PUHL). TMoaBprHyT je cranHom BpegHOBaky
(MOHUTOPWHIY) Yy 3aBWCHOCTW Of yTULAjHOCTM (MMmnakTa) y camum 6asama. [letarsu o
vMHOeKcupamwy MoOry ce BuAeTM Ha cajTy BojHomexHuukoz enacHuka, CTpaHuua
UHAekcupar-e Yaconuca.

BojHomexHu4Ku enacHuk, y nornegy CBOr cagpxaja, npyxa mMoryhHOCT oTBOpeHor
npuctyna (DIAMOND OPEN ACCESS) u npumewyje Creative Commons (CC
BY) oapenbe o aytopckum npaBuma. [letarbn o ayTopckMm npasvMa MOry ce BUAaeTu Ha
cajTy Yaconuca, cTpaHuua Aymopcka npasa u noaumuka camoapxusuparsa.

PapoBn ce npegajy nytem OHMajH cuctema 3a €nekTpoHCKO ypehuBame
ACUCTEHT, koju je pa3suo LieHTap 3a eBanyauujy y obpasoBamy v Hayun (LUEOH).

MpucTyn n perucTpaumja 3a cepBuC BpLUe ce Ha cajTy www.vtg.mod.gov.rs, npeko
ctpannue ACUCTEHT wim CUMHOEKC, OQHOCHO  AOWPEKTHO  Ha  JMHKY
aseestant.ceon.rs/index.php/vtg.

[JeTtarbHO ynyTCTBO O perncrtpaumju 1 npujaBu 3a CEepBWC Hanasu ce Ha cajty
www.vtg.mod.gov.rs, cTpaHuua Ynymcemeo 3a ACUCTEHT.

MoTpebHO je pa ce cBM ayTopu KojM NogHoce pykonuc 3a objaBrbuBare Y
BojHomexHuykom enacHuky peructpyjy y peructap ORCID (Open Researcher and
Contributor ID), npema ynyTcTBy Ha CTpaHuum cajta Peaucmpayuja 3a dobujar-e ORCID
udeHmuguKayuoHe wughpe.

BojHomexHu4ku 2nacHuk 06jaBrbyje YnaHKe Ha eHrneckoMm jeauky (arial, BenmumHa
cnosa 11 pt, npopep Single).

MocTynak npunpeme, nucawa u ypefuBamwa unaHka Tpeba ga 6yge y carnacHoctu
ca MWzjasom o emuykom nocmynary (http://www.vtg.mod.gov.rs/izjava-o-etickom-
postupanju.html).

UnaHak Tpeba ga cagpku caxeTak ca KibyYyHUM peduma, yBop (MoTvBauujy 3a
pan), paspaay (agekBaTaH npernen penpe3eHTaTUBHOCTM paja Yy HeroBoj obnacty,
jacHy u3jaBy O HOBWHM Yy NpeAcTaBrbLEHOM WCTpaXuBawy, oOfrosapajyhy Teopujcky
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no3agviHy, je4aH unm BuULLIE NpUMepa 3a JEMOHCTpUPaHe U QUCKYCHjy O NPEeACTaBIbEHNM
naejama), 3akrbyvak u nutepatypy (6e3 Hymepauumje Hacnosa u nogHacnosa). O6um
ynaHka Tpeba ga Oyame po jegHor aytopckor Tabaka (16 ctpanuua copmarta A4 ca
npopenom Single), a HajBuLwe 24 cTpaHuLe.

UnaHak Tpeba pa Oyne HanvcaH Ha obpacuy 3a nucarwe 4YnaHka, koju ce y
€neKTPOoHCKOj dhopMmM MOXe Mpey3eTn ca cajta Ha cTpaHuum Obpasay 3a nucame
ynaHka.

Hacnos

Hacnos Tpeb6a fa ogpaxaBa Temy YnaHka. Y MHTepecy je Yaconuca u aytopa fa ce
KOpUCTE peun NpuknagHe 3a UHAEKCcUparwe U NpeTpaxuBarwe. AKO TaKBUX peYn Hema y
HacnoBy, NOXerbHO je Aa ce NpuAoAa U NOAHACIOB.

Tekyhu HacnoB

Tekyhn HacroB ce wucnucyje ca CTpaHe CBake CTpaHuUe 4YnaHka pagu nakiwle
naeHTudmkaumje, nocebHo Konuvja YnaHaka y enekTpoHckoM obnuky. Cagpxu npesvme n
WHMUMjan MMeHa ayTopa (ako ayTtopa MMa BuLle, NpeocTanu ce 03HayaBajy ca ,et al.*
unu 1 ap.“), Hacnoee paga m 4Yaconuca u konauujy (roanHa, BONyMeH, CBecka, noveTHa
1 3aBpLUHa cTpaHuua). Hacnoem yaconuca n unaHka Mory ce gaTm y ckpaheHom obnuky.

Ume ayTopa
Hasoam ce nyHo nme n npesnme (cBMX) aytopa. Beoma je noxersHo Aa ce HaBedy
n cpedrwa crnosa aytopa. MiMeHa n npesumeHa gomahux aytopa yBeK Ce ucnucyjy y

opurMHanHoM obnuky (ca CprckUM AUjakpUTUYUKMM 3HaKOBMMA), HE3ABUCHO O jesnka Ha
KOjeM je HanucaH pag.

Ha3uB yctaHoBe ayTopa (achunujauuja)

HaBoau ce nyH (3BaHU4HW) HA3MB U CeauLITe YCTAHOBE Y KOjOj je ayTop 3anocheH, a
€eBEeHTyarlHo W HasuWB YyCTaHOBE Yy KOjoj je ayTop 06aBMO uCTpaxuBame. Y CrOXeHUM
opraHu3auujama HaBoau ce ykyrnHa xujepapxuja (Hnp. YHuBepauteT oabpaHe y beorpagy,
Bojha akagemuja, Kategpa npupogHo-mMaTematnykux Hayka). bap jegHa opraHusaupnja y
xvjepapxvju mopa 6mTn npaBHO nuue. AKO ayTopa Mma BuLIe, a HEeKU MOTM4Yy M3 UCTe
ycTaHoBe, Mopa ce, NocebHUM O3Hakama WnM Ha APYrY HauuH, HasHauMTK U3 Koje oA
HaBe[EeHNX yCTaHOBa MOTMYE CBakU OA HaBedeHux aytopa. Adwnuvjaumja ce ucnucyje
HenocpeaHO HakoH meHa aytopa. PyHKUWja 1 3Bare ayTopa Ce He HaBozae.

KoHTakT nogauu
Anpeca nnu e-agpeca CBUX ayTopa faje ce nopes MMeHa 1 npesammeHa aytopa.

KaTteropwuja (Tvn) unaHka

KaTteropusaumja unaHaka obaBesa je ypegHuwTBa M o nocebHe je BaXHOCTW.
KaTteropujy 4naHka mory npegnaratv peueH3eHTM U YNaHoBU YPeoHWUTBA, OOHOCHO
ypeoHvuum pybpuka, anm OArOBOPHOCT 3a kaTeropusauujy CHOCU WUCKIbYYMBO [NaBHU
ypPeaHuK.

BojHomexHu4Ku anacHuk 06jaBrbyje Hay4yHe YnaHke.

HayyHu unaHak je:

— opurMHanaH HayyHu papg (pag y kojeM ce M3HOce MpeTXo4HO HeobjaBrbeHu
pesynTaTtu COMCTBEHMX UCTpaXunBawa Hay4HUM MEeTOA0M);

— npernegHn pag (pag Koju CaapXw OpurMHanaH, AetarbaH U KPpUTWYKM npurkas
UCTpaXkmBaykor npobrnema wunu nogpydja y Kojem je ayTop ocTBapuo ogapehenHn
OONpPVHOC, BUASBMB Ha OCHOBY ayTouuTara);
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— KpaTKO MNu MpPeTXO4HO caomnTere (OpUrMHanHW Hay4Hu pag nyHor dopmara,
anu mawer obrvma nnu NpenMMUHapHOr Kapakrepay);

— Hay4yHa KpWTUKa, OOHOCHO nonemuka (pacnpaBa Ha oppeheHy HaydHy Temy,
3aCHOBaHa VCKIbYYMBO Ha Hay4yHOj aprymeHTaLmju) u oCBpTy.

MN3yseTHO, y HekuM obracTima, HayyHuW paj Yy 4Yacomnucy MoXe uMatn oGnuk
MOHorpadcke CTyauje, Kao U KPUTUYKOTr U3fdara HayyHe rpahe (MCTOpWjCKOo-apXMBCKe,
nekcukorpadcke, Gubnuorpadcke, npernega nogartaka U cil.), AoTaf HemnosHaTe Wu
HEeZOBOJSbHO MPUCTYNaYHe 3a Hay4yHa UCTPaXuBatkba.

PapoBwu knacndmkoBaHu kao Hay4yH Mopajy nmaTu 6ap ABe No3nTUBHE peLeHsuje.

Ako ce y yaconucy o6jaBrbyjy ¥ NMpuno3v BaHHay4HOr kapakTtepa, Hay4yHW YnaHum
Tpeba aa Byay rpynvcaHm 1 jacHo U3LBOjEHM Y MPBOM eIy CBECKE.

MoxersHo je oa obum kpaTkux caonwTewa Oyae 4 [o 7 cTpaHuua, HayyYHUX
ynaHaka u ctyguja cnyyaja 10 go 14 cTpaHuua, AOK NpernegHu pagosu mory 6utu un
oyxn. Bpoj cTpaHuMua Huje cTporo orpaHudeH u, y3 oproBapajyhe obpasnoxetrse,
npujaBrbeHN YnaHum Takohe mory 6uTu ayxu nnm kpahu.

AKo cy papoBu Koju Cy MpeTxodHo O6jaBfbeHM Ha KOH(bepeHuMju npoLUMpeHwm,
ypeoHuum he npoBepuTV da Nu je AogaTo OOBOFbLHO HOBOI MaTepujana Koju mcnywasa
cTaHaapge Yaconuca v KBanudukyje nogHecak 3a noctynak peueHsvje. Jogatn matepujan
He cme OuTM npeTxodHo objaBrbeH. HOBM pe3ynTaTtu HUCY HY)XHO NOTPeGHW, anu cy
noxersHn. Mehytum, nogHecak Tpeba foa cagpxu NpoLUMpeHe KIbyYyHe uaeje, npumepe,
paspage, UTa., Koju Cy NPeTXoaHo Gunm cagpXXaHu y NogHecKy ca kKoHdepeHumje.

Jesuk paga
Jesuk paga Tpeba na byae eHrnecku.

TekcT mopa 6UTK je3anykm 1 CTUNCKM JoTepaH, cucTemaTn3oBaH, 6e3 ckpaheHuua
(ocum cTaHpapaHux). Cee dusmyke BenumymMHe mopajy 6utn napaxeHe y MehyHapogHom
cucTeMy MepHux jeamHuua — Sl. Pepocnen obpasaua (dhopmyna) o3HavaBa ce pegHuM
6pojeBuMma, ca gecHe CTpaHe y OKpyrnvMMm 3arpagama.

CaxeTak

CaxeTak jecte KpaTak MHOpMaTMBaH MpuKas cajpkaja uYnaHka Koju umtaouy
omoryhaBa ga 6p30 1 Ta4HO OLIEHU HEFOBY PENEBAHTHOCT. Y UHTEPECY je ypeaHuLITaBa
N ayTopa [a caxeTak CafpXuW TEPMUHE KOju Ce 4ecTO KOpUCTe 3a WHAEKcupawe U
npeTpary 4naHaka. CactaBHM [OenoBM caxeTka Cy yBOO/UWIb UCTpaxuBakba, MeToaum,
pesynTatu u 3akrbydak. Caxetak Tpeba aa uma og 100 go 250 peun n Tpeba ga ce
Hanasu uamel)y 3arnaerba (HacnoB, UMeHa ayTopa W Ap.) U KIbYYHUX PeYn, HAaKOH KOjUX
cnenu TEKCT YnaHka.

KrbyyHe peun

KrbyuyHe peun cy TepMmuHM mnm dpase Koje agekBaTHO MpeacTaBrbajy CaapXaj
unaHka 3a notpebe nHaekcupama n npeTpaxuBana. Tpeba nx gogersnBaT ocnamajyhm
ce Ha Heku mehyHapogHu u3BOp (MOMUC, PEYHUK Wnn Te3aypyc) Koju je Hajwmpe
npuxesaheH wnu yHyTap Aate HaydHe obnacTtu. 3a Hnp. Hayky yonwTte, TO je fucTa
Krby4Hux peun Web of Science. Bpoj krby4Hux peun He moxe Gutu Behm opg 10, a y
MHTepecy je ypeOHULITBA M ayTopa Aa y4ecTarnocT wumxoBe ynotpebe 6yae wro Beha. Y
YnaHKy ce NuLly HenmocpeaHO HaKoH caxeTka.

Cuctem ACUCTEHT y Ty cBpxy kopucTu crneuujandy anatky KWASS: aytomaTcko
eKCTpaxoBamwe KIbYYHUX peyn M3 AMCUMNIMHApHUX Tesaypyca/pedvHuka no usbopy u
pyTUHe 3a HWUXOB 0aabup, Tj. nNpuxeBaTawe OOQHOCHO odbauvBake of CTpaHe ayTopa
n/vnn ypegHuka.
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ﬂaTyM npuxpaTtaka 4YJ1aHKa

JaTtym kapa je ypeOQHWLITBO NPUMUIO YnaHak, AaTyM Kaja je ypeoHVULWTBO KOHa4yHo
npuxsaTWno 4YnaHak 3a objaBrbuBake, Kao M AaTymm kaga cy y mehyBpemeHy
[OCTaBrbeHe eBeHTyarnHe ncnpaske pykonnca HaBoAde ce XPOHOMOLLKAM pegocnenom, Ha
CTanHoM MecTy, No NPaBumy Ha Kpajy YnaHka.

3axBanHuua

HasuB n 6poj npojekTa, 04HOCHO Ha3MB Nporpama y OKBUpY KOjer je YynaHak HacTao,
Kao M HasuB MHCTUTyUMje Koja je douHaHcuMpana npojekaT wunu nporpam, Hasogu ce y
noce6HOj HaNMOMeHN Ha CTanHOM MeCTY, Mo NpaBuIy Npu AHY NpBe CTpaHe YnaHka.

MpeTxoaHe Bep3uje papa

AKo je uynaHak y MpeTxXoAHOj Bep3uju 6ro M3nNOXeH Ha CKyny Yy BMAY YCMeEHOor
caonwTerwa (MO4 UCTUM WNW CAWMYHUM HACMOBOM), nogatak o Tome Tpeba ga Oyge
HaBefeH y noceGHOj HanmoOMeHW, Mo Npaswuny Npu AHy NpBe cTpaHe ynaHka. Pag koju je
Beh o6jaBrbeH y HEKOM 4aconucy He Moxe ce 00jaButn y BOjHOMEXHUYKOM 2racHUKy
(mpewTamnatu), HA NOA CAIMYHUM HaCIIOBOM U U3MEHEHOM OBNUKY.

TaGenapHu u rpacpmyukmn npukasm

MoxerbHo je Aa HacroBu CBWUX Mpukasa, a No MoryhcTBy M TEKCTyarHW cagpxaj,
Oyay oatv OBOje3NYHO, Ha je3nKy paga U Ha eHrMecKoM je3uky.

Tabene ce nuLy Ha UCTW HAYMH Kao U TEKCT, a O3Ha4aBajy ce peaHum bpojeBuma
ca ropwse ctpaHe. otorpaduje n uptexmn Tpeba aa Oyay jacHu, npernegHy U NOrogHu 3a
penpoaykunjy. Liptexe Tpeba pagmtn y nporpamy word wunm corel. ®otorpacduje n
upTexe Tpeba NoCTaBUTK Ha XErbeHO MECTO Y TEKCTY.

3a cnuke n rpaduKkoHe He CMe Cce KOpPUCTUTM CHUMak ca ekpaHa padyHapa
nporpamMa 3a npukynrbake nogaTtaka. ¥ caMoM TEKCTy YnaHka npenopydyje ce ynotpeba
cnuka n rpaduKoHa HEMOCpPeaHOo M3 NMporpama 3a aHanudy nogaTaka (kao wro cy Excel,
Matlab, Origin, SigmaPlot n gpyru).

HaBoheke (untupame) y TeKcty

HauuH nosmBarba Ha M3BOpeE Yy OKBMPY YnaHka Mopa 6utu jeaHoobpasaH.

BojHomexHuuku enacHUK 3a pedepeHumparwe (UMTupawe ©  HaBohewe
nutepaType) npumerbyje XapBapackum cuctem pedepeHun, OOHOCHO XapBapAcku
npupyyHuk 3a ctun (Harvard Referencing System, Harvard Style Manual). ¥ camom
TEeKCTy, y oOM4yHMM 3arpagama, Ha MeCTy Ha KOjeM Ce BpLUM MOo3vBawe, OAHOCHO
unTupake nuTepatype HabpojaHe Ha Kpajy unaHka, obaBe3HO y OOWYHOj 3arpagu
HanucaTtu nNpesvMe LUTMpaHor aytopa, roavHy nsgakwa nybnvkauuvje u3 koje uutmpare u,
eBeHTyarnHo, 6poj ctpanuua. Hnp. (Petrovi¢, 2012, pp.10-12).

JdeTarbHoO ynyTCTBO O HauuHy UMTMpaka, ca NpMMeprMMa, OaTo je Ha CTpaHuum
cajta Ynymcmeo 3a XapeapOcku rnpupy4yHuk 3a cmus. MNoTpebHo je ga ce no3uBamwe Ha
nuTEepaTypy y TEKCTY ypaau y cknagy ca NOMeHyTUM ynyTCTBOM.

Cnctem ACUCTEHT y cBpxy KoHTpone HaBohewa (UmMTuparsa) y TEKCTY KOpUCTU
cneuujanHy anatky CiteMatcher: oTkpuBarwe U30CTaBIbEHMX LMTaTa y TEKCTY paga u y
nonucy pedepeHuu.

HanomeHe (¢pycHoTe)

HanomeHe ce aajy npu AHY CTpaHe Ha KOjoj ce Hanasu TEeKCT Ha Koju ce ogHoce.
Mory cagpxatn mare BaxHe AeTarbe, AoMnyHcka objalubera, HasHake O KopuwheHum
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“3BopuMa (Ha NpuMep, Hay4yHoj rpafu, NPUPYYHMLMMA), anu He Mory GUTK 3ameHa 3a
LUMTMpaHy nuTepartypy.

INucra pedepeHum (nuTepaTypa)

LintupaHa nutepatypa obyxBaTta, no npasuny, Gubnuorpadcke m3sope (4naHke,
MoHorpadvje 1 cn.) U Aaje ce UCKIbY4MBO y 3aceOHOM OAEerbKy YnaHka, y Buay nvcre
pedepeHumn. PedepeHue ce He npeBofe Ha je3auk paga u Habpajajy ce y nocebHom
Oferbky Ha Kpajy YnaHka.

BojHomexHuU4Ku 2nacHUK, Kao Ha4MH ucnuca nutepaTtype, npumMersyje XapBapacku
cucteMm pedoepeHUM, ooHOCHO XapBapAcku npupyyHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

Jlntepatypa ce ob6aBesHO nuile Ha NaTMHWYHOM NUCMY U Habpaja no abeuenHOM
penocrnieny, HaBogehu Hajnpe npeanmMeHa ayTopa, 6e3 Hymepavuje.

JdeTarbHo ynyTCcTBO O HauuHy nonuca pedpepeHun, ca npuMepuma, OaTto je Ha
CTpaHuumn cajta Ynymcmeo 3a Xapeapdcku npupyyYHuk 3a cmus. [NoTtpeGHo je ga ce
nonuc nuTepaType Ha Kpajy YnaHka ypaau y ckrnagy ca noMeHyTMM YynyTCTBOM.

HecTtangapaHo, HENOTNYHO UNW HegocneaHo HaBohewe nuTepaTtype y cuctemmma
BpedHOBaka 4Yaconuca cmaTtpa Ce [OO0BOSbHUM pPasforoM 3a OCrnopaBakwe Hay4Hor
cTaTyca 4aconuca.

Cnctem ACUCTEHT y cBpxy KOHTpOMe MpaBWMHOI ucnuca nucte pedepeHum
KopucTu cneuujanHy anaTtky RefFormatter: koHTpona obnukoBara pedepeHumn y cknagy
ca XapBapAcKMM NPUPYYHUKOM 3a CTUIT.

UsjaBa o aytopcTBY

Mopen unaHka goctaBrba ce Msjasa o aymopcmey Y KOjoj ayTopu HaBOAEe CBOj
nojeguHaYHn OONPUHOC Y uspaam YnaHka. Takohe, y Toj nsjaBm noTBphyjy Aa cy ynaHak
ypagunun y cknagy ca [lo3usom u ynymcmeom aymopuma W M3jagom o emuykom
rnocmynarby 4acornuca.

CBM pagoBu Noanexy CTPYYHOj peLeH3uju.

Cnucak peueH3eHaTa BojHomexHUYKO2 aracHuka Moxe Ce BUOETW Ha CTpaHuum
caita Criucak peueH3eHama. [lpouec peueH3mpawa objaweH je Ha CcTpaHuum
cajta PeuyeH3eHmMCcKU nocmynak.

YpeaHuwTBo
Appeca pepakuuje:
BojHOTEXHWYKM rNacHNK
Berbka Jlykmha Kypjaka 33
11042 beorpag
e-mail: vojnotehnicki.glasnik@mod.gov.rs.
Ten: BojHn 40-260 (011/3603-260), 066/8700-123
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NPUMMALWUEHUE N UHCTPYKLUWUA ANA ABTOPOB O NOPAOKE
NnOoAroToBKM CTATbU

MHCTpyKUMs Ans aBTOpPOB O MoOpsAke MOArOTOBKM CTaTbu K OnybrukoBaHUio B
XypHane «BoeHHO-mexHuU4Yeckuli eecmHuk» paspaboTaHa cormacHo PernameHTty o
KaTeropusaumMn W paHXUpOBaHUM HayyHbIX XypHanoB MwuHucTepcTBa obpasoBaHus,
Hayku 1 TexHonorudeckoro passutus Pecnybnukun Cepbus («CnyxbeHn rmacHuk PC», Ne
159/20). TpumeHeHne aToro PernameHta cnocobCTByeT MOBLIWEHWIO KadvecTsa
OTEYECTBEHHbIX XypHanoB M ux OGornee MOMHOMY BOBMEYEHWUIO B MEXAYHAPOOHYIO
cucTeMy obMeHa Hay4YHOW MHpopmaLmei.

BoeHHo-mexHu4eckuli eecmHuk (Vojnotehni€ki glasnik / Military Technical
Courier), BTr.mo.ynp.cp6, www.vtg.mod.gov.rs/index-ru.html, ISSN 0042-8469 -
neyatHoe wu3gaHue, e-ISSN 2217-4753 - online, UDK 623+355/359, DOI:
10.5937/VojnotehnickiGlasnik; https://doi.org/10.5937/VojnotehnickiGlasnik, sBnsetcs
peLeH3npyeMbIM Hay4HbIM XXypHarom.

CobCcTBEHHUKM  XypHana: MwuHuctepcTBo 060poHbI U BoopyxeHble  cunbl
Pecny6nukn Cpbus.

Wapatenb xypHana: YHusepcuteT oGopoHsl B . Benrpag (BoeHHasi akagemust).

[porpammHas opueHTaums XypHana OCHOBaHa Ha €)XXerogHon Karteropusauuu
XypHana, KoTopasa npou3BOoAUTCA COOTBETCTBYHOLLMM OTpacsiieBbiIM MWUHUCTEPCTBOM, B
3aBMCUMOCTM OT obnactu wuccrnegoBaHuWiA, a Takke Ha ero MHOeKkcmposaHnn B
MeXOyHapOo4HbIX HAYKOMETPUYeCKMX 0asax gaHHbIX.

XypHan oxsaTbiBaeT Hay4yHble U MpodeccroHanbHble cdepbl B paMkax yvyebHo-
Hay4yHon obnacTV ecTeCTBEHHO-MaTeMaTM4YeCKUX HayK, a Takke B pamkax yvyebHo-
Hay4Hon 06nacTy TeXHUMKO-TEXHONOrMYEeCKUX HayK, 0COBeHHO B 06nacT 060pPOHHbIX
HayKk v TexHonoruu. B >xypHane nyGnukyioTCs TeopeTuyeckue W npakTudeckune
OOCTMXKEHUS, KOTOpble CnocoOCTBYIOT MOBbILWEHWUIO KBanmudmkauum npeacrasutenem
cepOCKOoro, permoHanbHOro U MeXayHapo4HOro akagemMmudeckoro coobuectsa, 0CobeHHO
cnyxawmx Mwunuctepcte O60poHbl 1 BoopyxéHHbix cun. B >xypHane nybnukytotcs
cTaTbW CO COOTBETCTBYHOLMMM 0630pamu 06 aHanMTUYECKMX, 3KCMepUMeEHTanbHbIX U
NPUKNagHbIX MCCNefoBaHUsiX, a TakkKe O YUCEHHOM MOAENVMPOBaHWKM, OXBaTbiBas
pasnuyHble aucumnnuHel. Nybnvkyemble matepuansl OTIMYATCS BbICOKMM Ka4eCTBOM U
aKkTyanbHOCTbo. OHM HamucaHbl Hay4HbIM, HO MOHATHBIM WM SOCTYMHBIM ANS LUMPOKOro
Kpyra yutatenemn a3bikom. [prBETCTBYIOTCH BCe cTaTbhu, coobuyatoime 06 opurnHanbHbIX
TEOPETUYECKNX N/MNWN NPaKTUYECKUX NCCNEAOBaHNSX W/MNu pacluMpeHHble BEpPCUN paHee
onybnnkoBaHHbIX CTaTen, NPeACTaBMNeHHbIX Ha KoHdepeHumsax. Ctatbn ans nybnukauum
oTbupatoTca nyTemM [ABOWHOIO CrEnoro peueH3MpoBaHus, KOTOpOe rapaHTupyet
OPUIMHAaNbLHOCTb, akTyanbHOCTb W yAobounTaemocTb. Llenb coctout He TOnbkKo B
nogdepXaHun BbICOKOTO KadecTBa MybnuKyembix cTater, HO M B obecneyeHum
CBOEBPEMEHHOrO, TLATENbHOro 1 COOTBETCTBYIOLLEro MpoLiecca peLeH3NpOoBaHuns.

PepakunoHHas nonuTuka xxypHana «BoeHHO-mexHu4YecKuli eCmMHUK» OCHOBaHa Ha
pekoMeHaaumsix Komuteta no aTuke HayyHbix nyonukaumn (COPE Core Practices),
0o6LWMX MpUHLMNAaxX MpPO3payHOCTM M MyYlien NpakTUKe M3OaTenbCKoW AeATernbHOCTU
COPE, DOAJ, OASPA n WAME, a Takke Ha nydllen npakTuKe Hay4yHO-u3gaTenbCKon
pestenbHocT. KypHan «BoeHHo-mexHu4Yeckuli eecmHuk» aBnsetca udneHom COPE
(KomuTeT no atuke HayyHbix nybnukaumn) co 2 mas 2018 roga n uneHom OASPA
(Accoumaums Hay4HbIX usgaTenen oTKpbITOro goctyna) ¢ 27 Hosibps 2015 ropa.
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MuHucTepcTBoM 06pa3oBaHUs, HaykM U TEXHONOIMYeckoro passutusa Pecrnybnuku
Cepbua ytBepxgeHa 27 pekabps 2023 r. kateropu3aums XypHana «BoeHHo-
mexHu4Yeckul eecmHuk» 3a 2023 rop;

— ObnacTb KOMNbIOTEPHbIE HAYKM:
BeOyLLMI XypHan rocygapCcTBeHHoro 3HayeHms (M51),

— ObnacTb aNeKTPOHUKU, TeNIEKOMMYHUKaLMA U MHOPMaLIMOHHbLIX TEXHOJOTUM:
BeOYLLMIN XypHan rocyaapCTBeHHOro 3HaveHmns (M51),

— ObnacTb MalWMHOCTPOEHMUS:
HaLMOHanbHbIN XXypHan MexayHapoaHoro 3HadeHust (M24),

— ObnacTb MaTepuanoB U XMUMUYECKOWN TEXHOJIOTUK:
HaLMOHanbHbIN XXypHan MexayHapoaHoro 3HadeHust (M24).

C vHopmMaLmen oTHOCUTENbHO kaTeropusaumm 3a 2023 rog MOXHO 03HAKOMUTBLCS
Ha cTpaHuLe canTa «BoeHHO-mexHuU4YecKko2o eecmHuka» Kameeaopu3sauyusi BecmHuka.

Bornee nogpo6Hyld WHMOPMaLUMI0O MOXHO HalTM Ha canTe MwuHucTepcTBa
obpasoBaHus, Hayku 1 TexHonornyeckoro passutns Pecny6nuku Cepbus.

C uHdpopMaumen o kateropmsaumm MOXHO O3HakoMuTbCs M Ha cante KOBCOH
(KoHcopumym 6nbnuotek Pecnybnvku Cepbusi no Bonpocam 06beAMHEHNS 3aKyMOK).

KaTteropusauna BecTHuka npoBegeHa cornacHo PermameHTy o kateropusauun u
PaHXMPOBaHWM  Hay4HbIX XypHanoB MwuHucTepctBa o6pasoBaHusi, Hayku MU
TexHornornyeckoro passutus Pecnybnukm Cepbus («Cnyxbenn rmacHuk PCx», Ne 159/20)

XKypHan cootBeTcTByeT ctaHgaptam CepOcKoro MHAekca Hay4YHoro LUTMpOBaHUA
(CUMHpekc/SCindeks) - HaykomeTpuuyeckonm 6asbl  AaHHbIX  HayYHbIX >KypHanoB
Pecnybnukn Cepbus, Hay4yHo-uHdopmaumoHHoro cuctema Redalyc, a Takke
Poccuiickoro  uHpgekca HaydHoro uutupoBanus  (PUHL). >KypHan  nocTosiHHO
nogBepraeTcsi MOHWTOPUHTY M OLIEHVWBAETCH KONMMYECTBEHHBIMW HayKOMEeTPUYecKnmMm
nokasatensamy oTpaXkatoLLMMMN ero Hay4Hyto LIeHHOCTb.

C vHdopmaumern 06 MHOEKCUPOBAHUM MOXHO O3HAaKOMWUTBLCA Ha CTpaHuue cawTa
XypHana UHdekcuposaHue BecmHuka.

«BoeHHO-mexHu4eckuli  8eCMHUK» ~ OTHOCUTENMbHO  CBOEF0  COAEpXaHus
npenocTaBnseT Monb3oBaTensM BO3MOXHOCTb OTKpbiToro goctyna (DIAMOND OPEN

ACCESS) 1 nonoxeHusammn o6 aBTOpPCKMX Npasax, yTBepxaeHHbIMn Creative Commons

(CC BY). C uHcTpyKuMen o0 aBTOPCKMX MpaBaxX MOXHO O3HAKOMWUTLCS Ha CTpaHuue
canTta xxypHana Aemopckue rpasa u nosaumuka camMoapxusupo8aHusl.

Pykonucu ctateit HanpasnsaoTca B pefakumio XXypHana ¢ ucnonb3oBaHuem online
cuctembl ASSISTANT, 3sanyweHHon LleHTpom nopgpepxu pa3sutus obpasoBaHus wu
Haykun (LINMPOH). Peructpauus B cucteme v odopmrneHue npas AOCTyNa BbINOMHAETCH
no agpecy http://www.vtg.mod.gov.rs/index-ru.html, yepe3 ctpaHuuy ASSISTANT wnu
CUMHOEKC (aseestant.ceon.rs/index.php/vtg). C WHCTpyKUMen no pervctpauum u
npaBam [OCTyrna MOXHO O3HakOMUTbCA Mo agpecy http://www.vtg.mod.gov.rs/index-
ru.html, Ha cTpaHuue UHcmpykyus no ASSISTANT.

Bce aBTOpbl, MpepocTaBnslolWMe CBOM PyKOMMCU AN nybnvkauum B pepakumio
XypHana «BoeHHO-mexHuUYecKkuli 8eCcmHUK» [OIDKHbl MPONTM NpenBapuTenbHYHo
peructpauuio B peectpe ORCID (Open Researcher and Contributor ID). 3ta npoueaypa
OCYLLECTBNSIETCA B COOTBETCTBUM C WMHCTPYKUMEN, pasMELLEHHOW Ha CTpaHuue canTa
Peaucmpauyusi 8 peecmpe ORCID 0ns npuceoeHusi udeHmMugukayUuoHHO20 Koda.

«BOEHHO-mexHUYecKUl 8eCmHUK» MyOonuKyeT cTaTby Ha aHrmuinckom s3bike (Arial,
wpudT 11 pt, npoben Single). MNpouecc NOAroTOBKK, HANUCAHWS U PeaaKTMPOBaHWS CTaTby
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OOMKEeH OCyLIeCTBNATbCA B COOTBETCTBUM C NpuHUMNAMW  3muyecko2o Kodekca
(http://www.vtg.mod.gov.rs/etichyeskiy-kodyeks.html). CtaTes gomkHa cogepxatb pestome
C K/O4YEeBbIMM CcroBamu, BBefeHue (Uernb  MCCrefoBaHusl), OCHOBHYID — 4acTb
(cooTBeTCTBYOLLMIN 0630p NpeacTaBUTENBHOrO MCCNeAoBaHUSa B JaHHOW obnacTu, YyeTkoe
W3MOXEHWEe Hay4YHOW HOBW3HbI B MNpPEeACTaBlIEHHOM WCCMNeAOBaHWM, COOTBETCTBYHOLLYHO
TEOPETUYECKYID OCHOBY, OOWMH WM HECKONbKO MPUMEpPOB Ans OEMOHCTPUPOBaHUS W
obcyxaeHus npeacTaBrieHHbIX TE3UCOB), 3aKMYeHWe U CiMcok nutepaTypbl (6e3
HyMepauum 3arofioBkOB U nopasaronoBkoB). O6beM cTaTby HE OOMKEH MpeBbIlaTe OOMH
aBTOpCKMN NUCT (16 cTpaHuy, cdopmaTta A4 C oaMHapHBIM MHTEPBAroM, MakcMmym Ao 24
CTpaHuL, BKIOYas CCbISIKM U NpuroxeHust). Ctatba AomkHa ObiTb HabpaHa Ha KoMMbIoTepe
C WCnomnb3oBaHUEM CreumansHO MOATOTOBIIEHHOTO pefAakuMeit MakeTa, KOTOPbIA MOXHO
ckayaTtb Ha cTpaHuue caunTa [pasuna u obpa3sely cocmasneHusi cmamau.
3aronoBok

3aronoBok [OOIMKEH oTpaxaTb TeMy cTaTbuM. B uWHTepecax XypHana u aBTopa
HeoOX0AMMO MCMOMb30BaTh CrOBa W CrOBOCOYETaHWs, YAOOHble ONA MHAEKcauun u
noucka. Ecnn Takne cnosa He cofepxaTtca B 3arosyioBke, To XXenaTteslbHO UX ,El06aBI/ITb B
MoL3arofoBOK.

Tekywwmi 3arofioBoK

TekywmMn 3aronoBOK MULLETCA B TUTYME KaOOW CTpaHuubl CTatbW C LENbio
ynpoweHnsa npouecca wugeHTudukaumm, B MepByld O4Yepefb KOMUW CTaTben B
3MNeKTPOHHOM BuAe. 3aronoBok coaepxunT B cebe hamunuio 1 nHMuman nMeHn astopa (B
criyyae ecnv aBTOPOB HECKOSbKO, ocTallbHble 0603HavaloTca € «et al.» unu «u ap.»),
Ha3BaHne paboTbl M XypHanma (rod, TOM, BbIMYCK, HayanbHas W 3aknoyMTenbHas
CTpaHuua). 3arornoBoK cTaTbM W HasBaHWe >XypHana MoryT ObiTb MpuBeAeHbl B
COKpaLLeHHOM Buae.

®UO aBTOpPa

MpuBoaATCA nonHasa damunusa 1 nonHoe ums (Bcex) aBTopos. XenatenbHo, YTobbI
ObINKn yKkasaHbl UHUUMAanblI OT4eCTB aBTopoB. Pamunusa 1 umsa aBTopoB M3 Pecnybnuvku
Cepbusi Bcerga nuwyTcsa B OpurMHanbHOM Buge (C cepbCcKMMU  AMaKpUTUHECKMMM
3HaKkamu), He3aBMCKMMO OT A3blka, Ha KOTOPOM HanucaHa paboTa.

HanmeHoBaHue yupexaeHus aBTopa (achdpunumauus)

MpuBogutca nonHoe (oduumanbHOE) HauMEHOBaHWEe U MEeCTOHaxXOXAeHue
YyYpEeXaeHns, B KOTOPOM paboTaeT aBTop, a TakkKe HavMEHOBaHWe YYpexneHus, B
KOTOPOM aBTOp MPOBEN uccregoBaHue. B cnyyae opraHm3aumin CO CNOXHOW CTPYKTYpOW
NPUBOAMUTCS UX Mepapxnyeckass ConogyYnHEHHOCTb (Hanp. BoeHHas akagemus, kadenpa
BOEHHbIX 3NEKTPOHHbIX cucTem, . Benrpag). Mo kpalHen mepe, ogHa M3 opraHu3aumin B
nepapxvum [OSKHa MMEeTb cTaTyc topuaumdeckoro nuua. B cnyyae ecnu ykasaHo
HECKOINbKO aBTOPOB, M €CINN HEKOTOPbIE U3 HUX paboTaloT B OQHOM YYPEXAEHWUU, HYXXHO
OTAENbHLIMM 0603HAYEHUAMW UMKN KakUM-NMBo ApyrMM crnocobom ykasaTb B KakoM W3
nNpuBEeAEHHbIX yypexaeHun paboTaeT kaxabpi n3 aBTopoB. Addpunuaums nuwercs
HenocpeacTBeHHo nocne PO aBTopa. [JOMmKHOCTb M crneunansHOCTb MO OUMNSIOMY He
yKa3blBaloTCS.

KoHTaKkTHble faHHble

OMEeKTPOHHBIN agpec aBTopa YKasbiBalTCA PALOM C €70 MMEHEeM Ha MepBow
CTpaHuLbl CTaTbi.

KaTeropus (Tun) ctatbmn

KaTeropusauusi cratbeil siBnsieTca 06A3aHHOCTLIO pedakumMm 1 mumeeT ocoboe
3HaveHve. KaTeropumio ctaTtey MOryT npedfiaraTb PeLeH3eHTbl U YfeHbl pegakuuun, T.e.
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pepakTopbl pybpuK, HO OTBETCTBEHHOCTb 3a KaTeropusauuio HeceT WCKIHUYUTENbHO
rnaBHbIA peaakTop.

KypHan «BoeHHO-mexHuU4YecKul 8eCmMHUK» NyGNnKyeT Hay4YHble cTaTbu.

HayuyHble cTaTbu:

— opurMHanbHas HayyHas cTatba (paboTta, B KOTOpOW NPUBOAATCSA paHee
HeonybnmKoBaHHble pe3ynbTaTbl COOCTBEHHbIX WCCREeAOoBaHWIA, MOMYYEHHbIX Hay4YHbIM
MeToaoM);

— ob3opHas cTaTbs (paboTa, cogepxallas OpUIMHanbHbIA, AeTanbHbIn |
KpuTnyecknin obsop uccnegyemon npobnembl unm obnactn, B KOTOPbLIN aBTOp BHEC
onpeaenéxHbIi BKNag, BUAUMBIA Ha OCHOBE aBToumTaT);

— kpaTkoe coobuieHne (opurMHanbHas HaydHas paborta nonHoro chopmaTta, HO
MeHbLUero o6bEMa uUnu nmeroLwasa npegsapuTenbHbIA XapakTep);

— Hay4yHasi KpuTU4eckas ctaTbs (AMCKyCCUSA-MoNieMmUKa Ha onpeaen&HHy HayyHyHo
TEMY, OCHOBaHHas WCKMIOYMTENbHO Ha Hay4yHOW aprymeHtaumm) W HaydHbIn
KOMMEHTapui.

OpHako, B HEKOTOPbIX 06MacTsX 3HaHUI Hay4YHasi paboTa B XXypHarne MOXeT UMeTb
hOopMy MOHOrpadoMUeCcKoro UccriefoBaHus, a Takke KpUTUYECKOro 06CYKAEeHNs! Hay4HOro
maTepuana (MCTOPMKO-apXMBHOTO, Nekcukorpaduyeckoro, Gudnuorpadguyeckoro, o63opa
[AaHHbIX 1 T.N.) — [0 CMX MOP HEU3BECTHOrO UM HEAOCTATOYHO AOCTYMHOMO ONA HayYHbIX

uccregoBaHuin. PaBoTbl, knaccuuuMpoBaHHble B KayecTBe HayyHbIX, AOMMKHbI UMETb,
Mo MeHbllei Mepe, OBe MNONOXWUTENbHble peLeH3un. B criyyae ecnm B xypHane
0OBbABNAITCA U MPUMNOXEHUSA, HEe MMEIOLWME Hay4HbliA XapakTep, Hay4Hble cTaTbu
[OJDKHbI GbITb CrPYNNMPOBaHbI M YETKO BbideNeHbl B MepBoOi YacTu HoMmepa.

O6beM KpaTknx coobLLeHUn cocTaBnseT 4-7 CTpaHWUL, UccnegoBaTernbCckue ctatbh U
TeMaTnyecKkme UccrnefoBaHvsl ¢ NpobnemMHo-CMTyaunoHHbIM aHanm3omM — 10-14 cTpanuu,
oOHaKo obbeM 0O630pHbLIX cTaTelt MoxeT ObiTb Gonblie. OrpaHWYeHUsT MO KONMUYECTBY
CTpaHuWL, He SIBMAKOTCA CTPOrMMM, CrefoBaTenbHO NMpY COOTBETCTBYHOLWEM OOOCHOBaHUM
npegocTaBneHHble pabotbl mMoryT ObiTb AnuHHee wunu kopode. B cnyvae nogaum
PacCLUMPEHHbIX Bepcuii  paHee OMyGNMKOBaHHbIX [OOKNa[oB, MPEeACTaBIiEHHbIX  Ha
KOHdepeHUnn, peaakums NnpoBeput 6bino N obaBrneHo 4OCTaTOYHO HOBbIX MaTepuanos
Ons Toro, 4ToObl cCTaTbsl COOTBETCTBOBANa CTaHAapTamM JKypHana W YCroBUSM
peLeH3vpoBaHus. [obaBneHHbIn MaTepuan [omKeH ObiTb HOBbIM, HEOMNyOrnukoBaHHbLIM
paHee. HoBble pe3ynbTaTbl NPUBETCTBYIOTCH, HO HE SIBNSIHOTCA 00SA3aTeNbHbIM YCINOBUEM;
O[HAKO KIoYeBble Te3UCbl, NPUMeEpPbI, pa3paboTkn K Np. AOMKHbLI ObiTb 6onee nogpobHo
npeacTaBrieHbl B CTaTbe M0 CPaBHEHWIO C NEPBUYHLIM J0OKNaA0M Ha KOHepeLmn.

A3bIk paboTbI

CraTba OomkHa ObiTb HanucaHa Ha aHrMACKOM A3blke. TEKCT AOMmKeH ObiTb B
TNMHTBUCTUYECKOM W CTUIMCTUYECKOM CMbICIE YMNOpSAOYeEH, cucTematmavpoBaH, 6es
COKpalleHn (3a WCKNoYeHMeM CcTaHOapTHbIX). Bce dumanyeckne BenunumHbl OOMKHbI
cooTBeTcTBOBaTh MexayHapoaHon cucteme eanHul nsmepenns — CU. OuepegHocTb
dopmyn obo3HayaeTcsi MOPSAKOBLIMU HOMEpPaMMW, NPOCTaBNSIEMbIMU C NPaBOW CTOPOHbI
B KPYITbIX CKOOKaXx.

Pe3stome

Pestome saBnsietcs Kpatkmm  MHGOPMATUBHBIM O630pOM cogepXXaHua CTtaTby,
obecneynBalolMM yuTaTento 6bICTpOTy M TOYHOCTb OLEHKM €€ peneBaHTHoCcTW. B
MHTEpecax pedakuMm U aBTOpPOB, 4YTOObI pe3tomMe coaepXxano TepMUHbl, YacTo
ucnonb3yemble AnNg WHOEKCUPOBAHUS M NMoucKka cTaTbewn. CocTaBHbIMK YacTaMu pestome
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ABMSAOTCS BBeAeHWe/enb UCCrefoBaHus, MeToAbl, pesynbTaTtel U BbiBOAbl. B pestome

JormkHo 6biTb 0T 100 oo 250 cnoB, 1 OHO JOIMKHO HAXOAWUTCH MEeXAy TUTyrnamu (3arofoBok,

®NO aBTOPOB M Ap.) M KINOYEBLIMI CITOBaMK, 3@ KOTOPbLIMU CreayeT TEKCT CTaTby.
KniouyeBble cnoBsa

KnioueBbiMM  crioBamu  SIBNAKOTCS  TEPMUHbI UM ppasbl,  ageKkBaTHO
npeacTaBnsaolLIMe coaepXaHue cTatbu, HeobxoauMble AN MHOEKCUPOBAHUS U MOWCKa.
KnioueBble crnoBa HeobxoouMMo BblGMpaTb, onvpascb MpuM 3TOM Ha Kakom-nubo
MeXOyHapOAHbIN UCTOYHUK (perucTp, croBsapb, Tesaypyc), Hanbonee WCMonb3yemblit
BHYTPW AaHHOW Hay4HoOW obnacTtu. Yucno knioyeBbIX CroB He MoxeT npesbiwatb 10. B
WHTepecax pegakuum n aBTopoB, YTODObI YacToTa MX BCTPeYn B cTaTbe Obina kak MOXHO
6onbluen. B ctaTbe OHW NWLLIYTCA HENOCPEACTBEHHO Nocne pestome.

Mporpamma ASSISTANT npepocTtaBnsieT BO3MOXHOCTb WMCMOMb30BaHUSA cepBuca
KWASS, aBTomaTtuuyecku hMKCUPYIOLLIETO KITHOYEBbLIE CIIOBa M3 UCTOYHUKOB/CNOBapew no
BbIGOpY aBTOpa/penakTopa.

[aTa nony4yeHusa ctatbu

[Jata, korga pepakuusi monyyuna craTtblo; aTa, Korda pefakumsi OKOHYaTerbHO
npuHana craTelo K nybnukaumv; a Tawkke pata, korga Obinv  npefocTaBreHb
HeobXoaMMble MCNpaBneHnst PyKonucKu, NPUBOASATCA B XPOHOMOMMYECKOM MOpPSAKe, Kak
npaBuIio, B KOHLE CTaTbMm.

BbipaxeHne 6narogapHocTn

HavmeHoBaHue 1 Homep MpoekTa, T.e. Ha3BaHWe mporpammbl 6narogaps KOTOpPoW
CTaTbsl BO3HUKIA, COBMECTHO C HAMMEHOBaHNEM Yy4pexaeHusi, KoTopoe hnHaHCMpoBano
NPOEKT unu nporpaMmMy, NPUBOASTCA B OTAENbHOM MPUMEYaHuW, Kak npaBuro, BHU3Y
nepBoOW CTPaHULbl CTaTbM.

Mpeabiaywme Bepcumn paboTbl

B cnyyae ecnu crtatbs B npeabigywen Bepcuu Obina m3noxeHa ycTHO (Mopg
OAVHaKOBbIM MMM MOXOXUM Has3BaHWEM, HanpuMep, B BuAe [OKnaga Ha HayqyHou
KOHgepeHUmMmn), cBeaeHnss 06 3TOM [OIMKHbI ObiTh yKasaHbl B OTAEMNbHOM NMPUMEYaHuK,
KaKk npaBuno, BHW3Yy MepBON CTpaHuubl cTaTbu. PaboTta, koTopas yxe 6bina
onybnvkoBaHa B KakOM-nMbO M3 XypHanoB, He MOXeT ObiTb HanevaTaHa B «BoeHHo-
MexHUYeCKoOM 8€CMHUKe» HN NOA NMOXOXUM Ha3BaHWeM, H/ B U3MEHEHHOM BuAe.

Hymepauus n HasBaHue Ta6nuy u rpacgmkos

XenatenbHo, 4TOObI HyMepauuss W HasBaHue Tabnuy u rpadukoB Obinn
MCMOMHEHbl Ha [ABYX fA3blkax (Ha A3blke OpUrMHanNa W Ha aHrmuinckom). Tabnuubl
MOANWCLIBAIOTCA TakMM >Ke Cnocobom kak M TeKCT M 06o3HayalTCs NOpPSOKOBbLIM
HOMEpPOM C BepxHen CTOpOoHbl. doTorpadum M PUCYHKM [OIDKHbI OblTb MOHSTHBI,
HarnagHbl M yAoOHblI Ana penpoaykuun. PucyHkn HeobxoaMmo genatb B mporpammax
Word unu Corel. ®oTorpacmm n pucyHkM Hago NOCTaBUTb Ha Xenaemoe MeCcTo B TEKCTE.
Ona cosgaHmna mnsobpaxeHuii n rpadukoB UCNOMb3oBaHUE (PYHKLMM CHMMKa C 3KpaHa
(ckpuHWoOTa) He ponyckaeTcd. B camom TekcTe cTaTbu pekoMeHAyeTcs NpUMeHeHue
n3obpaxeHuin u rpacukos, 06paboTaHHbIX TAKUMU KOMMbIOTEPHBIMW NPOrpamMmMamu, Kak:
Excel, Matlab, Origin, SigmaPlot u gp.

CcbInku (ULMTUPOBaHME) B TEKCTE

OdbopmneHmne CCbINok Ha UCTOYHUKM B paMKax CTaTbl AOMMKHO ObiTb 0QHO0OPAa3HbIM.
«BoeHHO-mexHuyeckuli  8ecmHuk» Ansi  OOPMIIEHWSI CCbIMOK, UMTaT W crucka
UCMONb30BaHHON nuTepaTypbl nNpumeHseT [apeapackyto cuctemy (Harvard Referencing
System, Harvard Style Manual). B Tekcte B ckoGkax npvBoautcs bamununs uMTpyemoro
aBTopa (Unv amunusa nNepeoro aBTopa, €CNv aBTOPOB HECKONbKO), FOA4 U3[AaHus U Mo
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HeobxoanMocTn Homep cTpaHuubl. Hanpumep: (Petrovi¢, 2010, pp.10-20). PekomeHaauum

0 cnocobe UMTUPOBaHUA pas3MeLLieHbl Ha CTpaHuLe canTa MIHCmpyKyusi Mo UCroib308aHU0

Fapsapdckoeo cmuns. lNpu ocopMNeHUN CCbINOK, UMTaT U CNMCKa WUCMNONb30BaHHON

nuTepaTtypbl  HeoGXOOUMO  MPUAEPKUBATLCS  YCTaHOBMEHHbIX HopM. [lporpamma

ASSISTANT npepgoctasnset npu LMTUPOBaHWM BO3MOXHOCTb WCMOMNb30OBaHUS cepBuca

CiteMatcher, domkcupytoLlero nponyLleHHbIe LMTaTel B paboTe 1 B cnncke nutepaTypsbl.
MpumeyaHnsa (CHOCKM)

lMpumeyaHmsa (CHOCKWM) K TEKCTY YKasblBalOTCA BHWU3Y CTpaHWLbl, K KOTOPOW OHM
oTHOCcATCA. [pumeyaHma MOryT cogepaTb MeHee BaXHble AeTanu, AONOMHUTEmNbHbIe
006bACHeHUs, ykaszaHns 06 MCMOnb30BaHHbLIX MCTOYHUKaX (Hanp. Hay4HoOM maTtepwuarne,
CNpaBOYHMKaXx), HO He MOryT BbITb 3aMEHON Npoueaypbl LUTMPOBaHWA nuTepaTypbl.

INuTepatypa (pecepeHunn)

LinTnposaHHowm nuTepaTtypon OXBaTbIBAKOTCA, Kak npasuno, Takve
Gubnuorpacuyeckme UCTOYHMKM Kak cTaTebW, MoHorpadum u T.N. Bcs wcnonbsyemas
nuTepaTtypa B Buae pedepeHumMii pasmellaeTcsl B OTAeNbHOM pasgerne cratbn. Hassanus
nUTEpaTypHbIX MCTOYHWKOB HE NEepeBOAATCS Ha A3blk paboTbl. «BOeHHO-mexHu4Yeckul
8eCMHUK» [AnA  OOPMMEeHVUs Cnucka WCMONb30BaHHOW  NuTepaTtypbl  MpUMeHsieT
lapBapagckyto cuctemy (Harvard Style Manual). B cnvcke nutepaTtypbl UCTOYHMKM
ykasbiBalOTCA B andaBuMTHOM nopsgke amwnuii aBTOpPOB  MNW  peaaKkTopoB.
PekomeHaauum o cnocobe LMTMPOBaHNA pa3MeLLieHbl Ha CTpaHuue canta MHCmpyKyus no
ucrionb3ogaHuto  [apsapdckozo cmuns. Tpu odOPMIAEHNM CnMcka WCNONb30BaHHOM
nuTepaTypbl HEOOXOAMMO MNPUOEPKUBATLCS YCTaHOBIEHHbIX HOpM. [lpyu odopmreHunn
cnucka  nutepatypbl  nporpamma  ASSISTANT  npepoctaBnsieT  BO3MOXHOCTb
ncnonb3oBaHusa cepeuca RefFormatter, ocyluecTBRASAOWEro KOHTPOMb 0POPMIIEHNS Cnncka
nuTepaTypbl B COOTBETCTBMM CO cTaHgapTamu [apBapackoro ctuns. HectaHgapTHoe,
HeMnorHoe n HenocrneaoBaTenbHOe NpMBeaeHNe nuTepaTypbl B CMCTEMax OLEHKM XXypHana
cYMTaeTCca AOCTaTOYHOM MPUYMHON ANS OCNapyBaHNsa Hay4yHOro cTaTyca XypHara.

ABTOpCKOE 3asBneHue

ABTOpCKOe 3asiBrieHWe NpefoCcTaBrisieTcss BMecTe CO CTaTbel, B HeM aBTopbl
3a4BN4K0OT O CBOEM JIMYHOM BKnage B HanucaHue CcTaTtbu. B 3aaBnenun aBTOpbI
NOATBEPXKAAIOT, YTO CTaTbsl HAaNUcaHa B COOTBETCTBUM C [TpuanawieHueM U UHCMPYKUUsiMu
0151 aemopos, a Takke ¢ Kodekcom npogheccuoHanbHOU 3MmuKuU XypHarna.

Bce pykonucu ctaten nognexar npogeccrMoHanbHOMY peLeH3MPOBaHUIO.

Cnucok peLeH3eHTOB XXypHana «BOeHHO-mexHUYecKuli 8eCMHUK» pasMeLLEH Ha
cTpanHuue canta Criucok peyeH3eHmos. [pouecc peLeH3npoBaHMs onvcaH B pasgene

lpasuna peueHsuposaHusi.
Pepakuus
MouToBbLIV agpec pegakunm:

«BoOjHOTEXHNYKU FNACHUK»

yn. Benbka JNyknya Kypsika 33, 11042 Benrpag, Pecny6nuka Cepbus
e-mail: vojnotehnicki.glasnik@mod.gov.rs,

Ten: +381 11 3603 260, +381 66 8700 123
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CALL FOR PAPERS AND ARTICLE FORMATTING INSTRUCTIONS

The instructions to authors about the article preparation for publication in the
Military Technical Courier are based on the Regulations on categorization and ranking of
scientific journals of the Ministry of Education, Science and Technological Development
of the Republic of Serbia (Official Gazette of the Republic of Serbia, No 159/20). This
Regulations aims at improving the quality of national journals and raising the level of their
compliance with the international system of scientific information exchange.

The Military Technical Courier / Vojnotehnicki glasnik
(www.vtg.mod.gov.rs/index-e.html,  BTr.mMo0.ynp.cp6, ISSN 0042-8469 - print issue,
e-ISSN 2217-4753 — online, UDC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik), is an peer-reviewed scientific journal.

The owners of the journal are the Ministry of Defence of the Republic of Serbia and
the Serbian Armed Forces. The publisher and financier of the Military Technical Courier is
the University of Defence in Belgrade (Military Academy).

The program of the journal is based on the annual classification of journals performed
by a relevant Ministry as well as on its indexing in international indexing databases.

The journal covers scientific and professional fields within the educational-scientific
field of Natural-Mathematical Sciences, as well as within the educational-scientific field of
Technical-Technological Sciences, and especially the field of defense sciences and
technologies. It publishes theoretical and practical achievements leading to professional
development of all members of Serbian, regional and international academic communities
as well as members of the military and ministries of defence in particular. It publishes
papers with balanced coverage of analytical, experimental, and applied research as well as
numerical simulations from various disciplines. The material published is of high quality and
relevance, written in a manner that makes it accessible to a wider readership. The journal
welcomes papers reporting original theoretical and/or practice-oriented research as well as
extended versions of already published conference papers. Manuscripts for publication are
selected through a double-blind peer-review process to validate their originality, relevance,
and readability. This being so, the objective is not only to keep the quality of published
papers high but also to provide a timely, thorough, and balanced review process.

The editorial policy of the Military Technical Courier is based on the COPE Core
Practices, common COPE, DOAJ, OASPA and WAME Principles of Transparency and
Best Practice in Scholarly Publishing as well as on the best accepted practices in
scientific publishing. The Military Technical Courier has been a COPE (Committee on
Publication Ethics) member since 2nd May 2018 and a member of OASPA (Open Access
Scholarly Publishers Association) since 27th November 2015.

The Ministry of Education, Science and Technological Development of the Republic
of Serbia classified the Military Technical Courier for the year 2023, on December 27,
2023

—on the list of periodicals for computer sciences,

category: reputed national journal (M51),

—on the list of periodicals for electronics, telecommunications and IT,
category: reputed national journal (M51),

—on the list of periodicals for mechanical engineering,
category: national journal of international importance (M24),

—on the list of periodicals for materials and chemical technology,
category: national journal of international importance (M24).
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The approved lists of national periodicals for the year 2023 can be viewed on the
website of the Military Technical Courier, page Journal categorization.

More detailed information can be found on the website of the Ministry of Education,
Science and Technological Development of the Republic of Serbia.

The information on the categorization can be also found on the website of KOBSON
(Consortium of Libraries of Serbia for Unified Acquisition).

The periodical is categorized in compliance with the Regulations on categorization
and ranking of scientific journals of the Ministry of Education, Science and Technological
Development of the Republic of Serbia (Official Gazette of the Republic of Serbia, No
159/20). More detailed information can be found on the website of the Ministry of
Education, Science and Technological Development.

The journal is in the Serbian Citation Index — SCIndex (data base of national
scientific journals), in the Scientific Information System Redalyc, and in the Russian Index
of Science Citation/Poccuiickun uHgekc HayuyHoro uutmpoBaHusa (RINC/PUHLY) and is
constantly monitored depending on the impact within the bases themselves. More
detailed information can be viewed on the website of the Military Technical Courier,
page Journal indexing.

The Military Technical Courier, in terms of its content, offers the possibility of open
access (DIAMOND OPEN ACCESS) and applies the Creative Commons Attribution (CC
BY) licence on copyright. The copyright details can be found on the Copyright notice and
Self-archiving policy page of the journal's website.

Manuscripts are submitted online, through the electronic editing system
ASSISTANT, developed by the Center for Evaluation in Education and Science — CEON.

The access and the registration are through the Military Technical Courier
site http://www.vtg.mod.gov.rs/index-e.html, on the page ASSISTANT or the page

SCINDEKS or directly through the link (aseestant.ceon.rs/index.php/vtg).

The detailed instructions about the registration for the service are on the website
http://www.vtg.mod.gov.rs/index-e.html, on the page Instructions for ASSISTANT.

All authors submitting a manuscript for publishing in the Military Technical Courier

should register for an ORCID ID following the instructions on the web page Registration
for an ORCID identifier.

The Military Technical Courier publishes articles in English,
using Arial and a font size of 11pt with Single Spacing.

The procedures of article preparation, writing and editing should be in accordance
with  the Publication ethics statement (http://www.vtg.mod.gov.rs/publication-ethics-
statement.html).

The article should contain an abstract with keywords, introduction (motivation for
the work), body (adequate overview of the representative work in the field, a clear
statement of the novelty in the presented research, suitable theoretical background, one
or more examples to demonstrate and discuss the presented ideas), conclusion, and
references (without heading and subheading enumeration). The article length should not
normally exceed 16 pages of the A4 paper format with single spacing, up to a maximum
of 24 pages with references and supplementary material included.

The article should be formatted following the instructions in the Article Form which
can be downloaded from website page Article form.
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Title
The title should be informative. It is in both Journal’s and author’s best interest to
use terms suitable for indexing and word search. If there are no such terms in the title, the
author is strongly advised to add a subtitle.
Letterhead title
The letterhead title is given at a top of each page for easier identification of article
copies in an electronic form in particular. It contains the author’'s surname and first name
initial (for multiple authors add “et al”), article title, journal title and collation (year, volume,
issue, first and last page). The journal and article titles can be given in a shortened form.
Author’s name
Full name(s) of author(s) should be used. It is advisable to give the middle initial.
Names are given in their original form (with diacritic signs if in Serbian).
Author’s affiliation
The full official name and seat of the author’s affiliation is given, possibly with the
name of the institution where the research was carried out. For organizations with
complex structures, give the whole hierarchy (for example, University of Defence in
Belgrade, Military Academy, Department for Military Electronic Systems). At least one
organization in the hierarchy must be a legal entity. When some of multiple authors have
the same affiliation, it must be clearly stated, by special signs or in other way, which
department exactly they are affiliated with. The affiliation follows the author's name. The
function and title are not given.
Contact details
The postal addresses or the e-mail addresses of the authors are given in the first page.
Type of articles
Classification of articles is a duty of the editorial staff and is of special importance.
Referees and the members of the editorial staff, or section editors, can propose a
category, but the editor-in-chief has the sole responsibility for their classification.
The Military Technical Courier publishes scientific articles.
Scientific articles:

— Original scientific papers (giving the previously unpublished results of the author’s
own research based on scientific methods);

— Review papers (giving an original, detailed and critical view of a research problem
or an area to which the author has made a contribution demonstrated by self-citation);

— Short communications or Preliminary communications (original scientific full
papers but shorter or of a preliminary character);

— Scientific commentaries or discussions (discussions on a particular scientific
topic, based exclusively on scientific argumentation) and opinion pieces.

Exceptionally, in particular areas, a scientific paper in the Journal can be in a form
of a monograph or a critical edition of scientific data (historical, archival, lexicographic,
bibliographic, data survey, etc.) which were unknown or hardly accessible for scientific
research.

Papers classified as scientific must have at least two positive reviews.

If the journal contains non-scientific contributions as well, the section with scientific
papers should be clearly denoted in the first part of the Journal.

Short communications are usually 4-7 pages long, research articles and case studies
10-14 pages, while reviews can be longer. Page number limits are not strict and, with
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appropriate reasoning, submitted manuscripts can also be longer or shorter. If extended
versions of previously published conference papers are submitted, Editors will check if
sufficient new material has been added to meet the journal standards and to qualify such
manuscripts for the review process. The added material must not have been previously
published. New results are desired but not necessarily required; however, submissions
should contain expansions of key ideas, examples, elaborations, etc. of conference papers.

Language

The language of the article should be in English. The grammar and style of the
article should be of good quality. The systematized text should be without abbreviations
(except standard ones). All measurements must be in Sl units. The sequence of formulae
is denoted in Arabic numerals in parentheses on the right-hand side.

Abstract and summary

An abstract is a concise informative presentation of the article content for fast and
accurate evaluation of its relevance. It contains the terms often used for indexing and
article search. A 100- to 250-word abstract has the following parts: introduction/purpose
of the research, methods, results and conclusion.

Keywords

Keywords are terms or phrases showing adequately the article content for indexing
and search purposes. They should be allocated heaving in mind widely accepted
international sources (index, dictionary or thesaurus), such as the Web of Science
keyword list for science in general. The higher their usage frequency is, the better. Up to
10 keywords immediately follow the abstract and the summary, in respective languages.
For this purpose, the ASSISTANT system uses a special tool KWASS for the automatic
extraction of key words from disciplinary thesauruses/dictionaries by choice and the
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