oY) Aid| - 2025 - yeasudd - S Skl
Adlgall Audaygill Alagll

napnllg Ayanhill gglell
At gt | A0 o ¥ | dan ASH Y (6 yubiads

kg il gtait

(2025PE0017) dwpal! dudagd| dusd! (8 £ 1Y) @l
issn (3085 - 4954) : 9 ASIY | piculd
(3085 - 4970) : 89! uuid!




AN KSEL|

=
A
M\m,
Al
&..
%
WM
ki




&5, allg Exayhill polall Elgall &Sy L s S8 )

13yl e aghall i gult 40 NY WS ¢ A Olgie
Olgss — oyl Jlall aebasl] 391 4S5 oY1 28381 2 a0

3422 OLD CAPITOL TRL SET 700
CITY : WILMINGTON
2IP CODE:19808
UNITED STATE - DELAWARE

+13323226047 : sa

info(@aiahet.us : 39z 4y

2025 — 1446 : 15V ikl
2025PEO017 : gguh glad)
LU — i) drdos @w»
0537.20.04.27 : s - 0537.72.48.39 : Ls

impoumina@yahoo fr : 5V W)


mailto:info@aiahet.us

2025 &8, allg Sohill pglall &gl &Sy oY) Exlsd AN

(ladl aalaill A gal) 4 5V Apag SN Gty (il — (5 ppeal) A 35,00 = 2l (i
A yrall ASLaall oy il

poaiill A gall A5S5 pa¥) Apas SV (i y e gmnd) aualay il 3] el Q) il
4 ) Baniall ¥ o) - S ANy il g Al

olad) asdarll A a1l Ay 5a¥1 A lSY s il — (g ppaal) A2 3500 - Al e
A yiall ASLeall |y il

anadi Aapall aud aolise i) - (5 51l dana ddal a0 (1) a3 juae il
Y = lae Jan ¥ Gl dmals - Ay 50 apanal - sl Al 5l oLaI)

gasle s A yal) Gall) andy Ml gilaadl Lo e da a0 (2) sl te il
( Aoal Bl (Gae)  Gloall Ay ) seen calany Aadla-ciliall 4y il A€

xﬁl‘&pﬁ,&m
dnilae 8 g yill dalad) 4y puaall A il 5 ) 5 -Bdy dasa 4l daaa 1 1

adeill 240 gall 4 51 Al SYI - 4 Y] 055l - (g ymall asd ol AdSu ] 2
AS el - il s )

aleill 4 50l S5 5] ApaplSY) - Dle W) A dnee - ) JUa AA 3 1
(peaadl ) 1S el - Gyl 5 al

Ao ol gl Sl Hall S5 5eY) dgaall diae 3l — 2 ) 39l ge (Ao 0 2
(A0S ARl (SBaa ) | o sl eSS gLl g gle Culaal g dunigl)

L) sean — QYL A s pae - AW s (s Jie 3
(=il ) | Gl

Aealadl Al s Liac]

— L 5l o3l g o glall ) 55 — a8 Cha glgm Gty - 298 (A8 Ui pladlal 1
Gl A sean — (oalad) il g el el 5l 55 — (oalal) il A

A ) Aaals — Andail] o glall A8 —AlaY) EN — Jpaa by (il A2 2
Bl 4 sgen —



m &5, allg Exyhyabill pglall Exnylesll &Sy oYt sl QB3 )

- Al Aaalad) - Lladl bl Hall 43S dnee - gdial) plla daaa Jusi 00 3
Agiadl 4y ) sgenll

Aaala -l dgaa [ alll Clinlal aid i) - dana (uigy (65 g 00 4
ras = g Sl peali daaalSL palas — 5 alal

A seen — Qb Aaals foshal) IS /ol 580w - pauiga e Gajadl 3800 5
N

pole aud — 28 all o glall 4y il A0S — o3 S daals — jasl Cild ala 0 6
Bl ) sean — Bl

cpe daala — A 5l K aad g el 3l Al — e Cudy dud) il L0 7

. H—u.n.mi

— Sl — L o o3 L) Gyl — cilocaly Sl M) — cptinl) 3 g Jana 0,0 .8
A pral) ASad) — bl — dAd) dasse daala

O A8 pall o glall A ll A4S - dlaky daals — Gofad) Qi gy Cpea A0 9
Bloadl - 3lball asle aud - Al

astell 4y yill A0S - alary dzals - ) ped) Qs gy Juad 392 30110
Bl 4 sean Aibadl cLiasSll Hiide - cLiasSl) and - Gl ol 48 jpuall

—oly ) and - glall S - (G daals - i ke s iy Al a0 11

— S Aol — aslall A0S — claasll and — jguata g3 a0 12
Sl ) sean

L Gead ssenll JSOoall — sLaS | sl Gaadi — ugl wdjal 13
A yaall ASadd) — 5 ydayial) Sl Jaly I — o Sl

L) sean — b_pad) daala — aglall 408 — oLl and — J0aa daa plin 3] (14
REBS

sl il i — A il A0S - A58 1) Apde W) oy 8 — O B8 aal 0} 15
3 yadl — Al dadla —

Bl — 5 peadl - ale cuda - adaed) alla Qs a0 16

- A 3l Aaalas A ) 4GS - Cpulal) ad - g rd pae Gl a0 17



m &5, allg Exyhyabill pglall Exnylesll &Sy oYt sl QB3 )

L gall el ) ¢S Min) — g oaall Jeea daa) daaa M) e /01118
Oadll - e dxals — clal [ bl ol ) -

e oty - 5] dadls el 30 A diae - Guuna pdilh G120 0 119
Sl ) sean

- el ol sl 5 A i) gl (g seanll Sl - Juad Bl 2] .20
i yical ASLeall LELSESIN 5 eLal) 1 anadil)

3\:\35‘;4:\4\4;3\ Ma‘j\euéﬁm-‘éJ&ej\ eu\e oy eulei\.\gs_q_i 51
C(AlaY) ) daalall Sl

s - adlall G e Lis o g i) = )5 Uda ) 2 gana gaul, 20022
Sl A sean - Ol S adli) - dulelull

-l il g elail) (ol el aclise Ml - (5 58 Gaen Guall Jlaa daai 380, 123
s - 1581 6 Akl 448

dodal) Aavia A - cpaail) Auadin and i) — gy (g auld 20 24
Bl A ) sean — Jaa gall Dl - cpanill

okl alall K A e &) — Alal) (ube SRS Gea daas a0 25
LGl A sean — o) sl fm&l\ daals —

B A seen - Alalull dada o aslall A0S 3d 65 galiallaa) 26

ddigl) and - dudigh) 408 - JLaY) daaly = Glabi 3913 JalS aliad 300 27
Lusgar — albyla - Ailsal) duaigh) B o gle 1gauadl - 4l
3

Jora pia— il Ln ) €60 L) il 5 20K — ibaias dana (a3 28
w—ﬁﬁ@\&u\;—w\:@u\

Lt Al slacl

Bl — Qb Al — bl IS — cliall o — Agdae s (b 0 -1

é\.ﬂ\ ?733‘:‘“ :\:ﬂjﬂ\ :\3\5:3)‘\&\ :\HJISY‘ s — w\..\ﬁ giﬁ a4 _J_i -2
1S el — il



&,y iyl polll &gl ExsSy oY1 S S35

— e 3l and — 4 glal) A0S — dlasy daals — Sl mls deas 2 00 -3
REBS

- bl s / Al izl N Jtu) - g3ga Suall ae Gila 00 -4
Gl - csalall agle aud - Ay il A0S - 4 atiuall dealal)

il 5 gt fA 5 e Ails slasS ol 558 - (g yadil) daba AU e 20,0 -5
Gl ) sean — 4y paiivall dadlal)

Oeal (5 seall Sl e se Ml addail) Jind - jiiae daaa b8 00 -6
A ) ASLeal) ¢y oSl 5 Ay il

Cgag dgzma — LSl and — Ol lial) Jare — daa) daae aad) L300 -7
s — J

e Lse— Aala ) 3 b daals — g..\l.'\ei\ VIV QRIPEN u.ﬁh«m slda _d_e_i -8
Soall — (el ddailas — dpalall o5 5l daalall ()

Sladl dgxall — YLV 351 55 — Claae L — sl Ba dabadl,§ -9
L3 adl — oyl g LAt

¥ apall g k) o glall Ui 0 daals — Aawal) G pali gldga -10
L@l — hall 4ds —



&8 iy &gyl oot ol &Sy oY1 s [ camnsp

i

o) L8

R 3



2025 &8, allg Sohill pglall &gl &Sy oY) Exlsd AN

Aidanll 4 pall BLOT 3 Byt Aomy sauad] 2K

sl 5lRely yiay (oS3 auds of copully Jladl eekazld 2doall 28081 2aass8Y1 3 Ly
itz slea] Syme e uall s, 4 pally duiadanl! aglall Adgull 48 ,e81 Usll oo EJLLII
s 3 oed (B Lo Il 28 pall a5y (dall il end Ao gl Liipus @ 63 dams 52 sy
Ay adll
Acgama @iy > 2aiSe duale 3oz Byad Jioy 41 g (ols ISy suall lda e Lo o)
W pally ddpdanll aglall aol 1 Joudll lall passll § oSila &1 speal] Sl o ylzies
oo slelally iUl (e s o 39 LISEYI ol g Buate oJli Yo e33O il
aslall oiem § Byolas LLad gllad 8,Sam wlalys wlhiial § iy cplladl sl Calise
Adyalls La et
Jie gesles @ Aeyludll alyshall cousle (daiee duale wlalas paipll wlude cud aal
Adadatll Slesbylls olskl agles el aglally Bsamill a8lally ( Flilayo¥l LI
goiill 10 (uSad suadl 1 3 839 aill Sl Bgundl limpmseitll o Lapes «sleosSdlg slipally
Lt s dle JSa3 1 bl gliadly 8L Gias e 8486 Lisla) 43659 « 3aally
$3Lat8¥ly 2slyiSall anial] quledll hymll (p A8 yually Adabatll aglall ol (a3 L)
shats il 1A el (Ll aaalS bl o) da ok Jyladl auls Laed . £laza¥l
oo skl e dds (s3lls Joladl sin yad) aneS Anll el U la (s Aumiall 2le ]l
Ogladly Cem |
ssaadl 1da e1)3) 8 ealu cpe JSI juaandly LSl (alley dgil ol 2o
Al Balall @elolals Axlly 1a35L 9,37 cuddl Ll Lo ls¥1 55LSU o
Sl Bagr plesatd Liiae 139¢a 1oty il oneSxll pazg 8,85k dualall Luxll o
Lxsdsisag
Apelall 4niSas 3aly sl AL saall 1 213y Cgpadl dlhac e sraill gyl uall o
ASatly ol (o asll g eadad (Aaeg Ay3 Auele Bals saadl lda § e L,all wxy oof Lol
2oy el (i) (Aoslall Lslyadies Lol § @SOS Lamg 0Sess slpeal J) allazig (ot
ladly 38,00l 3)ls 28y0ally Auaplatll polall 4ol
byl Jg il



& allg Sdpubaill pglall Edgall EuSy Y Sls a3 3

e ginsl aed

USING SATELLITE IMAGES ( METEOSAT -9 ) TO CALCULATE THE AREA OF THE DUST STORM
THAT OCCURRED ON JUNE 18, 2012 IN IRAQ

AZHAAR K. MISHAAL 10

STRUCTURAL AND ELECTRONIC PROPERTIES OF SILICENE IN THE PRESENCE
AND ABSENCE OF VACANCY

ADNAN RHAIF LAHOO ALZAYADI 27

Lapsls duolys 9 I Ldddir ol y92 ¢ro (ARCHANGELICIN ) Loy Lo 81 ity yoMieiue!
Ball ¢yl yug 4oyl &l | HELICOBACTER LASs i

Sl Gl gitia, Ogu FL) e Bale ¥ desme Y] e 309w

39 slyz ol el IS oo sayf
ol oS Joms
54 Gl sle ame adlall ss Sl

- - - - £ -
&)L)S Aove § 7L G 7 Ls| e ¢l g AL aas S0 Awlya
? ~ A 80 Al
- - C - c 4
3 & 58 L)
7 ettt ss s bbb bs s st b b bs s s bbb S s s s s bbb s s ss s s bbb bR s s s b bbb s s s s bbb e s s sbbbes BY¥-31

ARTIFICIAL INTELLIGENCE AND CYBERSECURITY: CHALLENGES AND SOLUTIONS

ABBAS A. MAHDI 83




m &5 lly Exnihill pglall Elesll &Sy o ekl 3 s

Using Satellite images ( Meteosat -9 ) to calculate the Area of the

dust storm that occurred on June 18, 2012 in lraq

Azhaar K. Mishaal

Ministry of Higher Education and Scientific Researchh / Scientific
Research commission Baghdad , Iraq.

E-mail : azhaar.k.mishaal@src.edu.iq

Abstract

Dust storms are a highly significant weather phenomenon due to their direct
impact on human life in various fields. Images captured by the Meteosat-9
satellite and taken by the SIVIERI sensor were used The area covered by the
storm at each stage is calculated using a digital image processing technique
called unsupervised classification, specifically the ERDAS program, which
utilizes satellite imagery. By analyzing satellite images and calculating the
change in the area covered by the storm in each image using the ERDAS progrm
, The area in the first image was (50184) kmz2, in the second image it was
(28584) km2, in the third image it was (41328) km2, and in the fourth image it
was (51192) km2. These results are consistent with the weather conditions of the
areas affected by the dust storm, as the meteorological data used for the same
day of the storm indicates that the wind speed was very high, which is
associated with the occurrence of a storm. Thus, the areas that will be affected
by the dust storm have been identified, and the degree of impact depends on the
area covered by the storm and the determination of the storm'’s path.

Key words :dust storm , Area, classification technology, ERDAS & Arc Map
programs .
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1- Introduction

One of the most important phenomena that have been studied using satellite
Images of climate satellites is the phenomenon of dust , through time
tracking of successive satellite images.

Dust storms typically occur in areas with arid climates where the

average annual precipitation is less than 100 mm. [2]. Dust storms begin to
form when strong, high-speed winds blow over surfaces covered with dry, loose
soil that lacks vegetation. [3,4]. Most sand and dust storms (SDS) originate over
loose soil or sand, and strong winds lift these particles, causing a significant
decrease in visibility. Fine dust particles are suspended in the air, a process that
also helps transport soil from one place to another. [5]. Many variables influence
the formation and occurrence of dust storms, including soil-related factors such
as soil moisture, drought duration, and desertification, as well as atmospheric
variables such as rainfall, in addition to human activities. [3,6] When the wind
speed is low, there will be no movement or transfer of particles, but when the
wind speed reaches a critical value, a number of particles will begin to rise. [7]

The European Meteorological Agency (EUMETSAT) operates a series of
geostationary weather satellites such as Meteosat-9. These satellites orbit at the
Earth's equator and are at an altitude of 38,500 kilometers above the Earth's
surface. At this altitude, the satellite's speed is equal to the Earth's rotational
speed. Therefore, it is called geostationary, as the satellite appears stationary
above a specific point on the equator.

The satellite carries imaging devices called sensors, which use parts of the
electromagnetic spectrum, including infrared and visible light, such as the
SEVIRI sensor, which builds images of the Earth's surface and atmosphere at 12
different wavelengths every 15 minutes, with a spatial resolution of 3 km [7] .
Most satellite images share a common problem: they contain geometric
distortions. Geometric distortion is defined as the inaccurate positions of image
elements compared to their likely positions on Earth. [8] [9] [10]

Geometrics distortion and image definition in a specific coordinate system
and data [11], Geometric distortions are common in remote sensing images.
Therefore, it is essential to geometrically correct the images for reliable use as a
base map in a Geographic Information System (GIS), to perform accurate
measurements of angles and distances from these images, or to create an
accurate spatial database of various features. [12]

12
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Unsupervised classification is the process of searching for and identifying
similar natural spectral groups in multispectral images. This classification does
not require prior knowledge of the image's properties; rather, it relies solely on
spectral information of the image's various characteristics to extract features. It
achieves the classification goal of identifying statistically distinct characteristics
and ultimately confirms the actual attributes of each group. [13] Self-organized
iterative data analysis is a self-organized iterative data analysis technique. The
algorithm calculates the average value of a uniformly distributed class in the
data space, then iteratively groups the remaining pixels using the minimum
distance technique. In each iteration, it recalculates the average value and ranks
the pixels according to the new average value. [14] Previous studies have
examined the phenomenon of dust storms in lraq using satellite imagery In
2013, researcher Hussain Zaydan Ali and others studied the dust storms
phenomenon by analyzing the synoptic conditions leading to the storm and
comparing them to satellite images, and concluded They are often an early
warning that the depravation of environment [15] In 2018, researcher Jasim M.
Rajab and others, through their study of dust storms using satellite imagery
(MODIS Aqua), observed that they shed new light on the processes responsible
for dust transport and emission over lIraq, which are related to northerly winds
[16] In 2019, researcher Riyadh Al-Barakat and others monitored the
phenomenon of satellite storms in Iraq using satellite data.NDDI computed
using MODIS/Aqua surface reflectance data was applied to monitor dust storms
formation and spread over Iraq and the surrounding areas. NDDI values lower
than 0.05 represent clouds and water bodies, while NDDI values less than equal
to 0.18 for surface features (0.05 < NDDI < 0.18) and higher than 0.18 (NDDI >
0.18) for SDS and A sensitivity test was carried out to evaluate the feature-
specific TB threshold values. It was found that a threshold of 310.5 K allows us
to distinguish between dust storms and the ground dust and sand [17]. In 2023,
researchers Ali A. Attiya and Brian G. Jones used remote sensing measurements
to study dust storms over Baghdad. They employed the HYSPLIT model climate
and concluded that the storms could originate from southern Turkey, eastern
Syria, or northwestern Irag [18] In 2024, researcher (Rafah Rasheed Ismaill)
and others studied the temporal and spatial distribution of dust storms over Iragq,
where the trail of the dust storm was determined using the HYSPLIT model,
which was then compared with MODIS and Meteosat satellite images [19] In
2025, researcher Bashar M. Yahya studied the spatial distribution of dust and
sand storm phenomena in Irag using MODIS where used the Middle East Dust

13
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Index (MEDI) values derived from forty MODIS satellite data sets and
climatological datasets for twelve synoptic stations. These values were used to
determine the main relationships controlling dust storms in Irag [20]
A review of research on dust storm phenomena using satellite imagery revealed
that most studies tracked the phenomenon through satellite images and used
climate models to identify the storm's source, but did not address the use of
digital image .

2. Materials and methods

2.1 The study area

The study area included the entire geographical boundaries of Iraqg, which is
located in the southwestern part of the Asian continent and covers an estimated
area at 435,000 km2. Its geographical location includes latitude lines (29-37°
North) and longitude lines (39-48° East. See Figure (1) which shows the study
area, indicating the meteorological stations whose data were used, as shown on
the Meteosat-9 satellite image, which was captured by the (SIVIERI) sensor

with a spatial resolution of 3 km.

Figure 1: Area Study and Stations Selected [21]

14
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The data used in this paper consists of two parts: the first is satellite

2-2 The Data

imagery showing the dust storm that affected northern and central Iraq on June
18, 2012, captured by the Meteosat-9 satellite, based on four images taken at
different times , Through which the development of the dust storm and the
difference in the area it covered were monitored (see Figure 2) with a spatial
accuracy of (3) km. The second part of the data consists of the meteorological

data at the study stations for the same day of the storm (Table 1) [21].

5UTC

Fig (2 ) The images satellite for the dusty storm hours ( Meteosat -9 )

Table 1 : The Meteorological Data for the Day of dust storm (18 /6 /2022 )
[22]

15
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44.23 33.32 44.07 | 29.98 | 19.71 | 2.56 2.92 1042 |283.31

43.03 33.46 423 | 26.9 19.6 3.3 4.7 13.2 295.9

42 34.35 40.69 | 27.08 | 21.94 | 2.98 6.15 1533 |285.14

43.33 36.45 40.96 | 25.27 | 27.25 | 5.65 2.88 1142 | 28.72

42.56 35.94 4253 | 2746 | 18,58 | 5.11 3.73 1148 |299.32

44.42 35.16 40.56 | 23.44 | 243 4.42 3.57 1196 |297.91

44.15 35.73 42.17 | 2142 | 2586 | 2.81 7.07 1143 |151.75

44.82 33.01 43.65 |30.43 | 26.24 | 3.801 | 4.089 1352 | 288.1

45.91 33.26 46.57 | 28.52 | 1542 | 0.61 4.93 13.61 |312.24

45.91 33.26 46.47 |30.14 | 23.84 | 3.29 3.66 11.55 |294.43

43.63 34.65 40.96 | 28.69 | 15.23 | 2.27 5.52 13.3 | 294.93

44.62 33.75 | 4298 | 2753 | 24.92 | 3.55 2.9 945 |262.83

47.19 31.8 45.86 | 29.5 | 29.75 | 4481 | 3.652 12.15 | 306.2

47.45 30.94 49.26 | 3221 | 213 4.12 3.98 12.62 |303.79

Through table (1 ) data note the weather conditions for study stations on the day
of the storm occurred , where the temperature was within ( 21.4 — 49.26) which
was high and relative humidity did not exceed( 29 %) As for the wind speed
the range of wind speed was between ( 2.88 — 7.07 ) m/ sec were stations were
recorded in ( Wasset - Salah-al dien- Anbar — Kirkuk ) highest values for the
wind speed reaching ( 4.9 — 5.52 — 6.15 — 7.07 ) m/sec while the trend of wind
was the north west Figure ( 2 ) represent
the satellite images that shows the form of storm within different hours is the
beginning and amidst and end of the storm

3- Results and discussion

3-1 Geometric Correction for the images

Atmospheric analysis mainly to refers the atmosphere effect along with its
corresponding territory (land) features reflection (while geometric
analysis).While in the correction removes effects of the atmosphere on the
radiation from the territory that arrives to the camera as well as other sensor; it

also converts the physical values of the image from radiance to ground

16
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reflectance. But it needs accurate observation and illumination angles for each
pixel [23] [24] .

One of the most important digital image processing operations applied in this
research is geometric correction, which makes satellite images identical to maps,
meaning they read the true geographic coordinates. In addition, it makes it
possible to perform calculations such as distance and area, etc., meaning the
digital image will provide accurate readings.

The ERDAS program, a digital image processing program that deals with
satellite imagery, was used to apply the satellite image Geometric correction on
meteosat-9 satellite images chosen for the dusty storm study. Geometric
correction is performed either using a map with known geographic coordinates
or a satellite image with actual geographic coordinates and The spatial
resolution of the image used for correction must be close to the resolution of the

satellite image being geometrically correct.

4 UTC 5 UTC

17



6 UTC 13 UTC

Fig (3 ) The images satellite after geometric correction

Figure (3) shows the satellite images after geometric correction process ,
resulting in images that read real coordinates and can be relied upon for various
calculations. The correction process for the Meteosat-9 satellite images was
based on a Terra-MODIS satellite image, which had a spatial resolution close to
that of the images used in the study, with a spatial resolution of 1 km , where the
error rate was a few in the correction operation as shown in table (2) .

Table 2 : The Error Rate in geometric correction operation

3-2 Digital Classification

Image classification is defined as the process of categorizing all pixel in

an image or raw remotely sensed satellite data to obtain a given set of labels or
land cover themes [25]

General image classification procedures include: preprocessing of the image,

Images (UTC) control point Error
Image -1 (4 UTC) 0.0034
Image -2 (5 UTC) 0.0032
Image -3 (6 UTC) 0.0032

Image -4 (13 UTC) 0.0027

18
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including radiometric, atmospheric, geometric and topographic corrections
image enhancement, and initial image clustering [26].

The second technique applied to the Meteosat-9 satellite images is unsupervised
classification and classification was chosen because dust storms are a
meteorological phenomenon, not related to soil or vegetation cover. This type of
classification does not require the precision and geographical knowledge needed
to select categories, as is the case with supervise classification.

The classification technique was used on satellite images to isolate the image
units (pixels) representing the dust phenomenon from the rest of the image
features. This was done to calculate the area according to the method used in
this study, because here we are dealing with the satellite image not only in terms
of visual interpretation, as we have observed in previous studies, but also as a
digital image.

Since digital images have pixels that represent the spectral reflectivity values of
Earth's features, each element in the image has a number of pixels that represent
it. For this reason, classification technology was used to isolate the dust storm

from the rest of the image's features.

19



13 UTC

Fig (4 ) The images satellite after unsupervised Classification

figure ( 4) illustrate the satellite images after applying the unsupervised
classification process using ERDAS program , through the interpretation of
classified images where we note there are two types of dust particles
concentrations ,where the dust storm phenomenon was distinguished by two
colors ( yellow color represent the heavy density , brown color represent dust the
light density) , where the number of pixels , Then, the total number of pixels is
calculated—that is, the pixels representing the concentration of heavy dust and
the pixels representing the concentration of light dust—to determine the area
covered by the dust storm , This is one of the capabilities available in the EDAS
program, as shown in Table 3.
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light Dust Heavy Dust Area Total Area
Images (UTC) Area (pixel) dust ( pixel )
( pixel)
Image -1(4 UTC) 3214 2362 5576
Image -2(5 UTC) 1586 1590 3176
Image -3(6 UTC) 2121 2471 4592
Image—4( 13

UTC) 3139 2549 5688

Table 3: the number of pixels represents the phenomenon of dust

Using one of the most important geographic information systems programs, the
Arc-MAP program, the classified images were projected onto a map of Iraq
showing the study stations in order to determine the path of the storm and
identify the stations most affected by the dust storm see Figure (5).
In figure (5) we notice that the stations of Anbar-2 and Salah al-Din were most
affected by the storm at hour (4 ) UTC with the least dense dust , In the second
satellite image (5 ) UTC the stations of AL-Mousl & Salah al-Din were affected
by the densest dust, but in the third image at 6 UTC in addition to the three
stations ,Kirkuk station will be added and also with thick dust In the image (13)
that represents the end of the storm ,it affected Anbar-2 ,Kirkuk-1, Salah al-Din
and Diyala stations with thick dust , the effect of the storm on the borders of
Baghdad station , Since these stations were characterized by high wind speed
( see table-1)
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6 UTC 13 UTC

Fig (5 ) The satellite images classified on the map of Iraq

After applying digital image processing techniques to the satellite images
selected for the study, we begin the process of calculating the area of the dust
storm. This is done by knowing the number of pixels that represent the dust
element in the digital image, with a high concentration of dust particles, i.e.,
dense dust, and a low concentration of dust particles, i.e., light dust Then we use
a mathematical relationship between that the number of pixels of the element to
be studied with the spatial resolution of the satellite image used Table 3 provides
the total number of pixels representing the dusty storm phenomenon in each of
the four satellite images studied. Given that the Metosat-9 satellite images have
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a spatial resolution of 3 km, the area can be calculated using the following

Total Area dust (
Images (UTC) pixel ) dust storm area (km ?)
Image -1( 4
UTC) 5576 50184
Image -2( 5
UTC) 3176 28584
Image -3( 6
UTC) 4592 41328
Image-4( 13
UTC) 5688 51192
formula :
Area Storm = Spatial Resolution ( 3 x 3 ) x Total of pixel
(dust)

Table 4: the area of dust storm

Table (4 ) shows the difference in the area of the dust storm during the four
hours chosen for the study , that ’s where the storm is at each image represents
two types of concentration of dust ( light and heavy ) , so we notice that the
storm area in the image is large because it represents the stage of rising dust
particles ( light dust ) , but in the second and third images because it represents
the intensity of the storm , while the fourth image increases the area of the storm
because it reaches its suspended dust. Here, the
research objective is achieved in two aspects: first, to calculate the area of the
dust storm and its impact on the regions it passed through; And second, to deal
with satellite images from the perspective that they are digital images requiring
various digital processing techniques, something that was lacking in previous
research that studied this phenomenon relying solely on the visual interpretation
of satellite images.
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4 - Conclusions

1- The importance of dust storms lies in their significant and dangerous impact
on the environment and various aspects of life. Therefore, studying them
through the field of remote sensing, i.e., using satellite imagery, is very
important in the modern era for studying dust storms due to their frequent
occurrence and their association with global climate changes, where they can be
considered one of these changes.

2- Digital image processing techniques provide a good indication in the field of
dealing with satellite imagery, as these techniques enable the observer to
monitor elements or features in satellite images and to identify and calculate the
changes that occur to them. This provides a good possibility for studying various
weather phenomena.

3- The ERDAS and Arc-MAP programs are highly capable and facilitate
working with satellite imagery.

4- Based on the storm that was studied, it is possible to identify the areas of
eastern Syria (Deir AL-Zor) and the northwestern regions of Irag that can be
considered sources of dust storms in Irag.
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structural and electronic properties of silicene in the presence and
absence of vacancy

Adnan Rhaif Lahoo Alzayadi
Education Directorate of Al Muthanna
009647802678867
adnanalzayadi99@gmail.com)
Ebrahim Safari
Tabriz University - Faculty of Physics
Abdollahi pour

Tabriz University / Faculty of Physics
Abstract:

In this research, the electronic and structural features of silicene nano sheets in
the presence of vacancies were investigated according to density functional
theory. The calculations were performed using Siesta code and GGA-PBE
approximation. Examination of the relaxed structure of silicene monolayers
shows that it has a quasi-planar structure. Due to the band structure and total
density of states of silicene it can be considered as semi-metal because its
energy gap is zero. Examination of the band structure and total density of states
of the 2x2 super cells in the presence of a vacancy indicates that the presence of
a vacancy has opened the band gap in the silicene structure and its band gap is
indirect.

Key words: Silicene, density functional theory, structural properties,
honeycomb structure
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Introduction:

A Silicene plate is made by extracting an atomic single layer from silicon and
deposited on the Ag (111) surface [1- 4]. The first reports and theoretical studies
were made by Vikkeda -shirashi [5], in which the electronic and crystalline
structure of isolated Silicene was investigated. The first synthesis on Ag (111)
was done in 2010 by Chemical vapor deposition (CVD) method [6]. Silicene has
a 2D honeycomb structure with a small bending [7]. The buckled structure of
Silicene is a unique feature that make it possible to change the band gap of the
material without changing the chemical potential and only by applying an
external electric field. The band structures represent the energy levels that the
electron can have with the K wave vector. The electronic band structure of two-
dimensional honeycomb Silicene is drawn in the high symmetry directions K
(1.0,0.5,0), M (0.6,1.1,0), I" (0,0,0) in the first Brillion zone [8, 9]. According to
the band structure energy gap is zero, and conduction and valance bands cross
each other at the Dirac point K (the Dirac point is a location in the Brillouin
zone where the conduction and valence bands cross each other). Moreover, it
implies that the density of states in the Fermi energy Ep is zero, therefore

Silicene can be considered a quasi-metal [10, 11].
Calculation methods

All calculations have been done using the density functional theory and under
Siesta code [12-15]. In input file there is information about the structure of the
molecule, the number of atoms in the first Brillouin zone, the type of molecules
and the coordinates of atoms. The file related to quasi-potential is predicted
according to the type of atoms in the program. According to Figure (1), the
optimal cut-off energy for integration in real space for single-layer silicene
structure was chosen equal to 250 Ry. To describe the Brillouin zone, the

optimum Kk points according to Figure (2) were considered equal to 20x20x1
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based on the Monkhorst-Peck method. The optimized lattice constants for

silicene single layer are drawn in figures (3) and (4).
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Figure (1). Optimization of cut off energy for silicene monolayer
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Figure (2). Total energy changes with the number of k points in silicene
monolayer
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Figure (3). Optimization of lattice constants of silicene single layer in the x-axis
direction
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Figure (4). Optimization of lattice constants of silicene single layer in the y-axis
direction

As it is clear in these figures, the optimum lattice constants of silicene
monolayer are:

ax = 3.45A, a, = 1.93A
« = 3.45A by=1.93A

The lattice constants and assortment of all atoms were weakening until the force
on each atom was less than 0.01 eV/A. To prevent possible interactions with the
neighboring layers, a sufficiently large vacuum layer was included in the non-

periodic orientations.
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Results and discussion

The geometric texture of the silicene unit cell (a) and the silicene monolayer
after relaxation are shown in figure (5). Examination of the obtained texture
shows that silicene has a quasi-planar structure and the bending value of the
structure is equal to 0.39A°. The bond length between silicon atoms is equal to
2.33A°.

Figure (5). (a) Geometrical structure of silicene unit cell, (b) silicene monolayer
from the top view

Electronic calculations include energy band structure and density of states. From
the band structure, we can obtain the conductivity properties of materials, size
and location of gaps, the Fermi energy and the degeneracy of the system. To
better understand the electronic features of silicene, it is useful to draw the
electronic band structure, after obtaining the Hamiltonian matrix by self-
consistent solution method. Now with eigenvalues, we can draw the band
structures. Electronic band structure of two-dimensional honeycomb silicene in
high symmetry directions K (0.68, 0.32, 0.0), M (0.5, 0.5, 0.0), T" (0.0, 0.0, 0.0)
is drawn in the first Brillouin zone; The location of these symmetric points in the
first hexagonal Brillouin zone of silicene is shown in Figure (6). The density of

states of silicene monolayer is drawn in figure (7). Fermi energy is chosen at the
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zero point. According to the band structure obtained in figure (6), silicene can be

considered as a quasi-metal because the energy gap is zero and the conduction
band and valence band intersect at the Dirac point K. In addition, according to

figure (7), the value of the density of states in the Fermi energy Er is zero.

Y \

Figure (6). band structure of silicene monolayer. The Fermi energy is chosen at

the zero point.

silicene

1.51

DOS
-

0.51

-2 -'1 ('] ‘i 2
E-Er(eV)

Figure (7). Total density of states of silicene monolayer. The Fermi energy is

chosen at the zero point.

Moreover, 2x2 and 3x3 supercells of silicene were selected and its structure was

relaxed with the same parameters as the silicene monolayer. The geometric
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structure of the 2x2 and the 3x3 supercells of silicene after it has been relaxed

are shown in figures (8) and (9), respectively.

Figure (8). The geometric structure of the 2x2 supercell of silicene after
relaxation

Figure (9). The geometric structure of the 3x3 supercell of silicene after
relaxation

A vacancy was created in each of the 2x2 and 3x3 supercells and the structures
were relaxed with the previous parameters. The curvature value of the structure
in the presence of vacancies has increased significantly. In the 2x2 supercell, the
curvature value is 1.27 A and in the 3x3 supercell, it is 1.57 A.

The band structure of a 2x2 supercell of silicene in the presence of a vacancy is
shown in Figure (10). According to the figure, it can be seen that the presence of
vacancies has caused the opening of the band gap of 0.48 eV in the silicene

structure and its band gap is indirect.
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Figure (10). Band structure of a 2x2 supercell of silicene in the presence of a
vacancy

Figure (11) show the band structure of a 3x3 supercell of silicene in the presence
of a vacancy. According to the band structure, it can be seen that the presence of
a vacancy in the 3x3 supercell has also caused the opening of an indirect band

gap of 0.03 eV in the silicene structure.
2:_/ ——

Figure (11). Band structure of 3x3 silicene supercell in the presence of a

vacancy.

The total energy value of the studied structures is reported in Table (1). All

obtained values are negative, which indicates the stability of the studied
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structures. Among the investigated structures, the 3x3 supercell of silicene is

more stable than the others in the presence of a vacancy.

Table (1). Comparison of the total energy of the studied structures.

structure Total energy (eV)
Silicene monolayer -213.85
The 2x2 supercell of silicene in the presence of a vacancy -769.51
The 3x3 supercell of silicene in the presence of a vacancy -1868.69

Conclusion

In this research, the textural and electronic features of silicene monolayers in the
presence of vacancies have been investigated using the Siesta computational
code in the framework of the density functional theory and using the generalized

gradient approximation.

The obtained results show that the silicene monolayer has a quasi-planar texture
and the structure curvature is 0.39 A. Examining the band structure and total
density of states of silicene monolayer shows that this structure has quasi-
metallic behavior. It exhibits semiconducting behavior in the presence of a
vacancy. Negative values for the total energy of silicene monolayers shows that
all the investigated structures are stable.
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Abstract

Angelica (Angelica) belongs to the Apiaceae family and is characterized by its
serrated leaves and white flowers. It is so named because of its many benefits. It
IS rich in many vitamins, such as vitamin B12, and elements such as iron and
zinc, and contains many active ingredients. Such as volatile oils, alkaloids,
flavonoids, and coumarins, the herb is considered an important medicinal plant
and contributes to the treatment of many diseases. It has antimicrobial
properties, especially against bacteria and fungi, and treats gastritis, intestinal
infections, and stomach ulcers. It also helps prevent the spread of cancerous
tumors.

The aim of this research was to extract and purify coumarins and identify the
substance (Archangelicin) from the roots of the Angelica plant. It also studied its
inhibitory activity against Helicobacter pylori, a bacterium that causes stomach
ulcers and cancer. Several concentrations of coumarin extract (1000, 500, 250,
and 125) mg/ml were used. Extraction was performed using 80% ethyl alcohol
and 5% acetic acid. Identification of the active ingredient was performed using
HPLC.

To detect coumarins, a 1% sodium hydroxide base (NaOH) was used. The
brown color of the filter paper of the aqueous extract of the plant was observed,
indicating a positive detection.

Archangelicin was identified at a retention time of 3.7 minutes and a wavelength
of 265 Nm compared to the standard solution. Biological tests used the A-gab
well diffusion method. The experiment was conducted on 10 isolates of gastric
bacteria, observing the isolates sensitive and resistant to the plant extract. The
highest inhibition zone for isolate (2) was 32 ml at a concentration of 1000
mg/ml, while the MIC values ranged between 250-500 mg/ml.

Keywords: Angelica plant, coumarins, stomach bacteria, stomach cancer.
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Prof. Abdoalsalam mohamed Gaool al-hjry university
Shabwah Yemen.

Prof. lvanov s.p
university vernandsky cirm. Simferopol Russia.

Abstract

The spring foraging bee, Colletes cunicularius, is an important species of
solitary bee belonging to the family Colletidae. This bee is characterized by
unique biological features, including the secretion of a cellophane-like
substance to line its ground nests for protection. This species is widespread
in paleoclastic regions, and recent studies are expanding to include its
adaptability to new environments such as the Arabian Peninsula (Yemen),
given its close relationship to soil type and climate.

Importance of the Research

The importance of this research lies in the following aspects:-
Environmental Role: Highlighting the bee's role as a primary pollinator of
wild plants and crops, especially in light of environmental degradation and
pesticide use.

- Scientific Integration: Linking apiculture and soil science (genetics) to
understand the ideal conditions for the sustainability of wild species.

- Biodiversity in Yemen: Exploring the suitability of Yemeni soils (rich in
minerals and organic matter) for hosting non-native solitary bee species.

Research Objectives

- Studying the nesting environment of the Colletes genus and identifying the
physical and chemical properties of its preferred soil.

- Analyzing soil composition in selected Yemeni regions (Shabwa, Lahj,
Abyan) and comparing it to the biological needs of bees.
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- Understanding the evolutionary relationship between the bee's body
structure (pollen-collecting organs) and its efficiency in pollinating specific
plants, such as alfalfa.

- Assessing the impact of human activity and landscape transformation on
the population of this species.

Research Methodology

The research adopted a descriptive and analytical laboratory approach
through:

Fieldwork: Collecting soil samples from diverse Yemeni environments
(valleys, deltas, and agricultural areas such as the Batis Dam).

Laboratory Analysis: Sending samples to specialized agricultural
laboratories in the Russian Federation and Ukraine to examine their organic
and mineral content.

Taxonomic Comparison: Using international scientific classifications (such
as Malyshev and Dokuchaev classifications) to link nesting behavior to the
genetic characteristics of the soil.

Anatomical Study: Examining the morphological characteristics of bees
(proboscis, pollen baskets) to determine their functional efficiency as
pollinators.

Keywords Colitis bees - solitary bees - soil fertility - wild pollinators
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Kingdom:

Animalia
Phylum: Arthropoda
Class: Insecta
Order: Hymenoptera
Family: Colletidae
Genus: Colletes
Species: C. cunicularius
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Description:

Colletes cunicularius is a large species of Colletes which has an unbanded, hairy, black
abdomen which contrasts with the thorax which is covered with brown hair. The

most likely confusion species in Britain is Andrena scotica as this also has an early flight
period but C. cunicularius is larger than A.scotica with longer antennae and does not have a
fovea on the face. The males are smaller and paler than the females Colletes cunicularius is
widespread in the Palearactic from Great Britain in the west to the Pacific coasts of Siberia
and China in the east.[1] In Great Britain it was restricted

to the western coastal areas between south Wales and Cumbria but it has been expanding its
range inland. As of 2015 it had recently colonised Jersey from the nearby continent and this
may also be the source of Colletes cunicularius which have

begun to breed in southern England.
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Studying the effect of changing air density on wind energy

production in Karbala city
Azhaar K. Mishaal
* Ministry Higher Education & Scientific Research / Scientific
Research Commission, Baghdad , Iraq.
E-mail: : azhaaarkadhum83@mohesr.edu.ig

Abstract

In this search, the air density factor is studied because it is considered one of the main
variables in calculating the energy produced from wind , The factors that affect the density
were studied, which included (temperature and altitude) for the city of Karbala, which is
located in central Iraq , The data was collected over specific time periods, including different
seasons, in order to determine the rate of change in air density, which consequently affects the
electrical energy produced from wind energy. This was done by relying on analyzing the
anaerobic data and calculating the extent of its impact on the density factor using the Wasp
program, which is one of the important programs in the field of wind energy, This study
found that temperature and altitude are the most influential factors on density values, and the
relationship is described as an inverse relationship .

Key Words: air density , Data , Climate , wind energy , Wasp program
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Artificial Intelligence and Cybersecurity: Challenges and
Solutions

Abbas A. Mahdi
abbas.mahdi@uodiyala.edu.iq
Al-Muqgdadiya Education Department,
Directorate General of Education/Diyala

abbas.mahdi@uodiyala.edu.iq

009647716055599
Abstract

Challenges are the emergence of various types of attacks to defeat
Acrtificial Intelligence (Al) based systems, as Al is an emerging field that is
being applied in different domains, including Cybersecurity, in the more
extensive context of the digital world. Because Al models are based on massive
amounts of personal data, and as a result are subject to attacks through
misinformation that deflect the system and exploit its weaknesses, the
preservation of privacy represents an ongoing challenge. However, as hackers
are taking advantage of Al based circumvent some of them and start using the
threats that would be a lot more complex and faster attacks ransomware or
smart phishing attacks. Due to lack of skill workers using Al works for
cybersecurity also takes specialist knowledge. This paper reports a significant
advancement in securing increased digital security through the infusion of
autonomy and security, but combating challenges is required to realize it with
Al. This can be done by building security tools and enhancing training to better
counter future threats. It further underlines the importance of continued research
and discourse regarding technological cooperation, standardization and
integration, as well as ethical and social implications. To achieve a more
balanced approach that addresses stakeholder concerns, maximizes security
outcomes, and mitigates some of the more serious unethical and societal impact,
governments and relevant stakeholders — cybersecurity practitioners and
professionals, industry and private sector professionals, and academics alike —
should also begin exploring implications and the conversation diplomatically.

Keywords: Artificial Intelligence(Al), Al based systems, Cybersecurity, Digital
security.
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1.1 Introduction

Al has a significant impact on certain fields. We must first understand
what Al is. At its core, Al involves simulating human thinking and decision-
making in machines based on massive data sets and various algorithms. In
recent years, Al has continued to make inroads into many fields, and now, the
technology is increasingly seeping into areas such as cybersecurity. It is
essential to find the right balance between the extent to which machine learning
(ML) and Al can be used to detect and fix cyber threats, while also taking into
account the potential problems that can arise when a system capable of making
such complex decisions makes it more vulnerable to manipulation. Al and
machine learning algorithms can help organizations increase their ability to
identify and prevent cybersecurity threats, while keeping pace with the
advancing speed and accuracy with which cyberattacks occur (Samtani et al.,
2020).

Among the oldest cybersecurity problems are the theft of exclusive internet
access by certain parties, the theft of internet connections or communication
methods, and network analysis to secretly analyze traffic, some of which involve
manipulation, deception, obfuscation, or concealment, circumvention, and
enhancement. As a result of the growing popularity of the internet among the
general public, firewalls, intrusion detection systems, educational services, and
so-called best practice guidelines have been deployed and implemented in the
past few years. Moreover, as security measures have been implemented at the
same pace, technological advances have continued to outpace them. This has led
to a shift from traditional defense methods to multi-layered approaches. It has
subsequently been agreed that an improved surveillance approach capable of
independently identifying new threats is necessary to complement existing
protection. This can be achieved thanks to machine learning, a form of Al.
Therefore, it may be useful to examine the basic concepts of Al, its use cases,
and especially its place in the rapidly changing cybersecurity environment. The
key terms "Al," "cybersecurity," and "challenges" can be clarified and defined
before delving into any deeper discussion. Al is a method of programming a
machine to "think™ in the same way as humans (Admass et al., 2024).

1.2Research Problem

The problem is the continuous and complex evolution of cyberattacks in the
modern internet environment, and the emerging challenges facing Al-based
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cybersecurity systems. Hackers are using Al techniques to develop sophisticated
attacks such as ransomware and smart phishing that can outsmart traditional
defense systems. Additionally, the research addresses the challenges associated
with applying Al to cybersecurity, such as securing personal data and ensuring
privacy in Al-based systems.

1.3Research Objective

The research aims to study the challenges facing the use of Al to enhance
cybersecurity and provide innovative solutions to enhance the efficiency of
modern security systems to keep pace with the ongoing developments in
cyberattacks. It also seeks to shed light on the legal and ethical dimensions
associated with the application of this technology in the field of security.

1.4Research Significance

The importance of this research lies in highlighting the importance of Al in
improving cyberdefenses against advanced threats, as well as addressing the
skills gap facing cybersecurity professionals who need specialized training in
Al. The research also contributes to the development of security policies and
strategies that protect sensitive data and ensure the continuity of digital security
in organizations.

1.5Research Limits

» Time Limit: The research is limited to current and advanced Al technologies for
cybersecurity up to 2025.

» Spatial Limit: The research focuses on Al applications in cybersecurity in the
global internet environment in general.

» Thematic Limit: The research only covers Al-based cybersecurity challenges
and solutions, without delving into other areas such as Al in the industrial or
medical sectors.

2.1 The Intersection of Al and Cybersecurity

Al is already having a transformative impact on how attacks are launched and
how they are defended. In cybersecurity, Al helps security operations center
analysts make faster, more informed decisions by extracting and correlating data
and insights from various sources. Threat detection, response, and prediction
capabilities can also benefit significantly from data analysis using Al tools.
Simply put, Al and machine learning can assist in automated responses to alerts
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and events by collecting, examining, and interpreting information from devices
at risk of direct attack. Interestingly, combining Al-based reactive and proactive
security considerations can also be useful in discovering new attack vectors and
identifying sophisticated infection patterns. However, threats across the
cybersecurity spectrum have already been identified, and there is scope for Al to
be used to mislead and circumvent security tools to compromise targeted
systems. Unfortunately, this trend toward Al-powered cyberattacks reminds us
that designing security mechanisms is not just a technical challenge, but a
broader political, diplomatic, and legal battleground. It has fueled the attention
that no one dares to give to the second paragraph of anything, in parallel with
the exciting new field of Al (Ramsdale et al., 2020).

2.2 Challenges in Traditional Cybersecurity Approaches

In recent years, with technological advancements, the Internet has become more
widespread and globally accessible. The increased use of the Internet and its
connected devices has exacerbated security risks, increasing the volume and
diversity of cybersecurity threats. The rapid change in attacker tactics, methods,
and procedures is generating massive amounts of data from loT devices without
any known indication of a breach. These basic defense mechanisms in firewalls,
intrusion detection and protection systems, and endpoint devices are reactive in
nature and therefore typically insufficient. Existing cybersecurity systems can be
"tuned” to build in some level of fail-safe protection based on the concept of
introducing something "as approved," "according to firewall policy," etc., but
there is no intelligence on this. Furthermore, the firewall signature definitions
offered by vendors are limited and not well-scaled, a situation made worse by
the number and unknown nature of 10T devices (Aslan et al., 2023).

Traditional security environments are filled with data processed by a number of
different devices, all trying to "do the right thing." But when these devices send
information to a central location, the data helps analyze events or contribute to
trend analysis. This data often involves listening and recording what the system
"printed as an event." This is essentially a kind of "look back" at what happened,
with devices processing it in real time as they encounter it. Recent events in
Eastern Europe have further highlighted this problem, as units and organizations
process. this data, which can be delayed for months, giving adversaries an
advantage in developing defensive or offensive strategies. Although defense
analysis systems are better connected and interconnected, unfortunately, the
time required to process this data can be too long for units and organizations
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with limited security analysis capacity. This is often due to security practitioners
lacking the necessary skills. Since an "incident™ is the moment when a network
(or information system) is compromised or compromised, this same context
suggests that far less than half of individuals working in network and/or
information security have an average to poor understanding of this concept,
believing they are capable of countering all attempted incidents. This illustrates
the real shortcomings of technology-based computer  security
approaches(Makrakis et al., 2021).

2.3 Benefits of Integrating Al into Cybersecurity

Al can enhance many industries, and cybersecurity is no different. While
the implementation of Al to combat cyber threats isn't standard practice yet,
countless companies have already recognized how beneficial this idea can be
and have integrated Al into their cybersecurity plans. There are a number of
benefits you get by integrating Al systems and tools in your existing security
framework. Well, for one, Al can assist with speed and accuracy. Unlike
humans, Al works at high speed with large volumes of data. To that end, it can
detect, or at least start to study, an incident as it unfolds. Considering normal
systems rely on historical data, this is a massive advantage. So, Al can help
organizations recoup and resolve an incident beforehand (Camacho, 2024).

Answer: Second is the Al can help in incident response. Besides real-time
analysis, Al tools are also incredibly reliable once they are programmed to
perform a certain task. If your implemented system is able to describe the
response, Al can do it. As a general rule, over the months and years Al
cybersecurity solutions will learn general enterprise best practices and repeat
standard operating procedures through automation. Hence, this can also be
useful in reducing human error — a frequently severe vulnerability of a
conventional system. In addition, Al can also help in predictive analytics. Al
such as this can comb through the networking and zillions of servers and
archives to identify potential cyber threats enabling entities to prepare and
defuse them before they become threats to be dealt with. Al can unquestionably
assist cybersecurity in many ways. Many companies have successfully utilized
Al for their cybersecurity practices (Arif et al., 2024).

2.4 Machine Learning Techniques in Cybersecurity

Machine learning techniques being applied on the field of cybersecurity has
witnessed rapid growth. Many recent cyber attacks are made using novel
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technique which cannot range traditional signature based defence. This is where
ML might be helpful. Since then several ML algorithms have been employed
in hundreds of cybersecurity tasks such as malware detection, intrusion
detection systems, network intrusion detection systems, attack detection,
prevention and fraud detection, user and access verification and identification.
There are generally two ML techniques we use for these operations. The models
are trained using supervised ML with data that has been labelled by an expert.
Unsupervised learning algorithms learn by the action of the objects in action
(Ghiasi et al., 2023).

By training based on many historical attack data, these methods can extract
features that the malicious activity exhibits and compile a list of features to be
detected. ML-based applications now make it possible to tailor a security
solution to the specifics of a problem. Cyber analytics based on ML is a key
functionality for cybersecurity, considering the ubiquitous use of ML
technologies. Yet, one of the key challenges in this field is data quality — the
quality of the data utilized to execute the ML algorithm. Actually, wrong data
can worse the circumstances, as wrong structure will produce useless patterns.
Additionally, biased algorithms might lead to inconsistent and unfair decision
making — often crucial in terms of security. Insecurity, such unbiased ML
algorithms should be used periodically. This nurtures a security system that's
reliable, accurate, and useful. The empirical findings reinforce our assertion that
the evolution of cybersecurity defense mechanisms towards more dynamic, self-
learning, security solutions illustrates the potential and promise of ML (Luz et
al., 2021).

2.5 Deep Learning (DL) Applications in Cybersecurity

DLhas played a significant role in improving the accuracy of image, speech, and
natural language processing applications. DLis a key strength compared to ML
techniques due to its ability to automatically learn features from input data.
Traditional ML techniques such as decision trees or support vector machines
have been used in cybersecurity, but their accuracy is generally lower than what
DLmethods can provide. DLhas proven its suitability for unstructured data
types, such as logs and network traffic, while traditional ML is effective with
structured input data. As cyberattacks evolve, detection techniques that can
analyze unstructured data are pivotal in detecting and mitigating cyber threats
(Arjunan, 2024).
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In terms of resources, DLcan be expensive, and therefore large networks—such
as convolutional and recurrent neural networks—and complex networks can be
challenging. Furthermore, DLtechniques require massive data sets for training,
which is a significant challenge given the significant imbalance between normal
and abnormal classes in cyber intrusion detection datasets. Since DLmodels
consist of a series of layers that learn the relationship between inputs and
outputs, they have the ability to continuously update to learn new information
and gain better awareness of their environment as new data is received. This
ability will therefore be useful for creating proactive cybersecurity strategies
through continuous learning. Therefore, DLwill be important for developing
proactive cybersecurity strategies. Many security companies have implemented
DLtechniques in their cybersecurity products to detect new malware and
advanced persistent threat (APT) attacks on physical systems in telecom, cloud,
and web browser environments (Menghani, 2023).

2.6 Natural Language Processing in Security Operations

Today textual data is coming out of logs, reports, social media, etc. For hints
about its potential adversaries, this source of data is often analyzed. These are
also commonly used as part of the threat intelligence service offered by
organizations. Extracting useful information from unstructured text can be a
boon (Sharma & Arjunan, 2023). This is where natural language processing
becomes useful: Natural language processing is the collection of tools and
techniques that enables the analysis of unstructured textual data to ascertain
information that is potentially useful to security analysts. After extracting,
processing, and formatting this data properly, ML can be applied to classify or
cluster the data. This makes it easier and more effective for cybersecurity
analysts to search and retrieve information on potential threats. Natural
language processing can be used for multiple purposes, such as identifying a
taxonomy of threat data (like indicators of compromise and threat actor
profiles), identifying various information extracted from data, reducing the
distance between threat researchers and analyzed reports, and identifying
previously unseen indicators of compromise that connect different attacks (Jha,
2023). Nevertheless, it has its own challenges when dealing with the language
interpretation or understanding part of natural language processing. The main
Issues are the vagueness of language and the need to interpret context or tacit
knowledge in security evaluations. There are used successful stories of natural
language processing that adds information about this document. Applied to
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security, it is used to separate normal behavior of a computer into normal and
anomalous behavior (Srivastava & Parmar, 2024).

2.7 Al -Driven Threat Intelligence

The importance of Al and ML is not at all restricted to discovering cyber
threats. Al is capable of collecting, processing, and analyzing huge volumes of
threat intelligence data from various sources, ranging from the dark web to the
open web, from underground forums to social media (Sun et al., 2023).
Sophisticated Al solutions have the ability to sift through the sources and
websites that correlate most to potential real cyber threat indicators, as well as to
gauge the adversary’s ability and means to translate these indicators into an
actual cyber attack. Not only can Al be used to surface current mentions of
attack activities, but the technology can be utilized to predict future threats or
problems and take a leap ahead of actual cyber incidents in the wild. ML that is
really top notch can take data and abstract it into intelligence, offering context,
explanation, and potential risk scoring information that can give defenders
actionable knowledge (Hu et al., 2021). Thus, the application of Al to threat
intelligence is part of an upcoming cybersecurity landscape that has been
designed to not only flag areas of interest, likely threats, and current
shortcomings and weaknesses, but also to provide recommendations and even to
justify those recommendations. Today threats are no longer constrained by
organizational boundaries and require industry collaboration and cooperation as
a matter of course. This is precisely why we see so many companies lend their
hooks into the industry, trade threat intelligence, trade allies and surrounding
ecosystems. And the products and services they create and provide will have
even greater value when those combine the threat intelligence from across
industries marching under the banner of a significant improvement in the
cybersecurity posture. All these things lead to more quality-driven outputs
based on the Al usage in the mentioned platform. A significant hurdle is the
number of false positives produced by Al detection tools. It then requires
further validation and assessment by human threat intelligence analysts. While
more validation is required needs further validation, companies have called
them the best Al-driven threat identify technologies(Zaman et al., 2021).

2.8 Behavioral Analytics and Anomaly Detection

Some of the methods that are on the rise around cybersecurity include
behavioral analytics and anomaly detection. In essence, these techniques
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leverage ML algorithms and heuristics to establish activity patterns for users,
entities and peer groups followed by detecting deviations from such baselines.
High value or malicious activity is generally indicated by a positive deviation
from this baseline. This change from a static signature list based detection forces
the attacker to either stay silent or kick-out to probe the system on detection
instead of having the comfort of remaining hidden in the system while probing.
Repairing abnormal incidents which behavior not only can be done is observed
but also derive attention, the same can be also applied to the patterns of the
network where the information is sacrosanct to detect a security threats realtime
(Alietal., 2022).

The major anomalies identified using these behavioral analysis techniques are
derived from advanced persistent threats that adapt to changing environments.
When not obvious anomalies, they could also skill and sequence behavioral
fluctuations as well as advancing social engineering initiatives creeping into
detection. This means that many multinational corporations are investing
significantly in behavioral anomaly analysis as part of their defense against
cyber attacks, which is what the technology database Koblentz is trying to do.
Any deviation from this constructed baseline behavior is labelled as an
anomaly. These variations can take a number of forms (Kaur et al., 2023).

The use of advanced ML algorithms for the in-depth analysis of all types of
anomalies and the consideration of human behavior psychology further
increases the rate of accuracy of these anomaly detection techniques. These
techs sends real-time alerts and prevent the cybersecurity risks Part of the
challenge in this area is balancing the crispness of real warnings and actionable
information with the administrative overhead of potential false alarms. Privacy
acts established in the European Union and other nations can offer data privacy
as obligations, preventing in legal terms to execute behavioral analysis
methodologies or waiving these for some substances home like national
security. Moreover organizations do not always possess the expertise to analyze
the resultant from data collected data and so data collected from such
organizations becomes of use only post-hoc in the case where data must be
analyzed and cyber-criminal activity traced and be traced and cyber losses
recovered (Kaloudi & Li, 2020). With these challenges notwithstanding,
behavioral analytics is considered by experts a fundamental component of
contemporary cybersecurity defenses against the ever-evolving cybersecurity
threat landscape. Behavioral alerting is currently a core feature of several real-
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world solutions. These cover security information and event management,
network traffic, and endpoint security. Numerous case studies have showcased
the success of behavioral analytics in uncovering compromised behavior
undetected by signature-based systems, such as out of the box forensics on post-
intrusion security events like lateral movement and attackers looking to
exfiltrate user credentials. It provides a comprehensive approach to identifying
usage abuse and credential compromise. has a number of installed solutions
used mostly integrated with network taps which detect insider threats using
behavior anomaly detection mechanisms to prevent intrusion of organization's
digital perimeters. check various mitigation systems in an organization for
insider threats and external attackers by using endpoint analysis and
behavioural-based analysis (Cascavilla et al., 2021) (Bécue et al., 2021).

2.10 automation and Orchestration in Security Operations

Automation and orchestration power continues to increase in cybersecurity.
Security automation obviates repetitive tasks in your security operations so that
your security team can attend to more elaborate, high-end work. Automation
will streamline your operations be performing repeatable tasks consistently and
uniformly, and scale your ability to monitor and respond to an incident in real-
time. The follow up to this is Orchestration: an adaptive layer of architecture to
the diversity. Orchestration is software that interconnects systems and tools to
bring them together into a dense fabric that works really well as an organizing
system with lots of moving components (Sarker et al., 2021).

In a security operations context, automation, for example, enables you to take
imminent threat indicators and roll out blocking against a range of security
mechanisms. How you mitigate the risks of automation matters. Like
automation of any process, automation in security operations tries to rationalize
its pieces, identifying pre-defined responses to well-defined inputs. But possibly
the far-reaching impact of automation could be to make a decision-making
process — correctly that which stays to a human — more difficult. Automation
gathers and distills inputs and thus facilitates the decision endurance based on
diverse orthogonal inputs. The distance from the data results in the human being
less aware of its properties, a sense-taking away its way of thinking, a revision
of the senses as they were once (Zohuri & Moghaddam, 2020).

These case studies illustrate how security automation has been implemented by
financial services, and technology, media and communications providers. An
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ever-evolving threat landscape combined with a challenging socio-economic
environment is creating a widening cybersecurity skills gap. The workforce is
shifting, and automation can help mitigate coming shifts to the cybersecurity
mission(Gao et al., 2021).

2.11 Securing loT Devices Using Al

When a remote can start a car, or an app can help you self-cook your dog’s
dinner, then it is no longer the province of fancy office movies from the mid-
2000s. However, the advent of the Internet of Things era has also brought with it
new challenges to security practitioners. The increasing number of poorly built
and poorly managed 10T devices, many with their legacy protocols, has opened
enough vulnerabilities of earlier devices gray holes for the organizations
networks as never before. This chapter discusses the introduction, challenges,
some Al-driven application solutions with experiments and case studies on
home automation and development kit platforms. We also discuss the results
and the feedback from these early implementations. The challenge of security
has vexed loT device manufacturers more than most. Even today, 10T devices
are manned and monitored with huge human touch. This chapter explores the
ways and means to ensure, the security in the 10T devices to make them more
reliable, secure and with minimum human interference. But to ensure that Al
emerges as a valuable landmark, nominees are essential, since Al is no more
than data driven, and it has to undergo a continuous learning process to respond
to the timely aspects. This is an available consideration of the avenues
developing the Al security industry and their loT security automated responses.
At present, there are few (such) solutions in the market. Not just standardized
loT platforms, but also the making of standardized Al-backed security in the
future. The real challenge lies in compliance and adaptability. The processes of
automated analysis and evidence-based solution advancement that comply with
such regulations become more crucial (Bharadiya, 2023).

2.12 Al in Network Security

Al changed the face of industries at an unthinkable scale and it is being
regarded as the technological panacea for tomorrow as well. Security: Al is
being used to identify deadlocks, intrusion and unauthorized access. Al can
analyze tons of network data to identify activities that are malicious. The next
step is using the network monitor which collects data for better analysis.
Technological development has led to the explosion of data requiring processing
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by an intrusion detection system (Sarker et al., 2021). The data detected should
correlate with the increasing data rate when receiving the real-time system data.
Hence, Al is an advanced method used to ensure security services. Normal
behaviors can be classified and intruders, anomalies and network attacks
detected using data mining and machine learn- ing algorithms. The intrusion
detection systems may work based either on signatures or on anomaly detection
(Cascavilla et al., 2021).

Known attacks can be detected via a signature-based IDS. The matching
databases of signatures are updated periodically. An IDS based on anomalies
detects activity deviating to a certain extent from the learned patterns. And
these are also called profile-based IDS. It needs to be integrated with classical
security tools to improve the security mechanism. Cyber ranges are cloud-based
environments that can be used to build, practice, and test knowledge and
capabilities for network security assessments. Actually, the architecture must be
added with various products like firewalls, defensive tools, offensive toolkits,
visualization tools, learning management tools, etc. Consider the tools'
dependencies and resource constraints when integrating. GPT-1 The quality
and quantity of the dataset and its proper spoofing are the basis for the
performance of ML algorithms. And even if they are made using ML
algorithms, the models and algorithms must be periodically re-trained based on
the change in user behavior and infrastructure of a network. There are a few
challenges with using machine learning in intrusion detection systems. There
are plenty out there, including scalability, dependencies on external (tools),
training time, among others (Hashmi et al., 2024).

2.13 Ethical and Legal Implications of Al in Cybersecurity

As the use of Al in the field of cybersecurity has increased, many ethical and
legal implications of utilizing Al-based cybersecurity solutions in both virtual
and physical systems have emerged. Key ethical considerations include privacy
infringements, algorithmic biases inherent in the design of Al systems,
attribution of responsibility when it comes to automated decision making,
misuse of Al technology by malicious actors, unpredictability of Al behavior,
workforce impact, accountability and slayer adversaries. One of the domain
where we need a set of rules for ethical and secure use of Al. In addition, these
guidelines need to assist in ensuring the forensic analysis and legal admissibility
of Al-generated output while respecting privacy. Individually both bias-aware
Al as well as ethical Al techniques in cybersecurity can lead to a better fair
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ethical future, thus making way for Al mitigation security guarantees(Sarhan et
al., 2023).

Legal and legislative approaches define what would be considered an ethically
appropriate and, legally acceptable use of Al. With respect to Al-powered
security, such guidelines are vital, as they will be another consumer of Al,
where those guidelines will be a combination of cybersecurity, data protection
and privacy laws with Al reaction capability, and by doing so expressed legal,
security and ethical imbalances. The virtual space where law, ethics and security
come together is as significant as that of reality, providing balance and
mitigation of justice in digital responses under the auspices of information
technology (IT) and Al harmoniously. The new 2021 Al Act plays a significant
role in drawing the line between responsible Al (for instance by requiring
human oversight of certain Al applications) and unethical Al (notably social
scoring systems). This point of equilibrium is bipartite in demanding rigorous
security testing of Al alongside bias-conscious Al design that will, in turn, itself
undergo increasing legal scrutiny and transparency in its genesis. The discourse
surrounding Al adoption is ambiguous and unclear at present; nevertheless, a
large number of cybersecurity engineers demand conscious and socially
responsible development practices of Al in relevant Al applications (Ramsdale
et al., 2020). The problem of misuse and abuse stems from the broad
programmatic frameworks supporting more advanced Al technologies, such as
ML, deep learning, and Internet of Things (IoT) monitoring for surveillance
purposes. Such constructs are bounded by lawfulness where applicable within
the development and deployment strategy of commercial companies governing
the legal and ethical frameworks. Employees of companies often face ethical
dilemmas at work, and employees in cybersecurity represent the highest number
of conflicts. This indicates that strong internal ethical and legal governance can
prevent potential abuses of Al as a cyber threat. Furthermore, the results in
comparison to existing surveys also suggest heavy reliance on Al in managing
the scale of security without compromising fatigued human eyes in this
prevention, prediction, and detection domain also is requiring more ethical
guidelines and laws. ‘Political and ethical considerations’’ are the top challenge
in the military after data, both as they relate to the use of Al for predictive and
dual-use Al in weapons systems (Bécue et al., 2021). And when it comes to
military Al, adversarial Al remains unexplored, and as such, ethical
considerations need to be incorporated into dual-use capabilities. Therefore, just
as there is a market threat behind the emergence of adversarial Al in any form,
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such Al programming also needs a legal text that holds companies accountable
to the use of unethical Al, because if such Al applications are used for harmful
purposes, they can shake both the commercial and non-commercial spheres in
the cyber dimension (Alhayani et al., 2021).

2.14 Future Trends and Innovations in Al-Driven Cybersecurity

Al technologies are constantly evolving, and these developments will have a
bearing on our security methods going forward. New algorithms that can do a
better job of classifying data and predicting behavior will double, and predictive
and threat prevention security will skyrocket. More of those non-identical, but
rather similar, behaviors performed by badware and new malware families never
seen before are also recognized and handled. This will also result in fewer zero-
day and living-off-the-land attempts, which will increase security across the
board. More advanced Al algorithms will also open up adaptive protective
solutions — a honeynet that can adapt its message depending on which threat
actor engages with it, potentially providing us with superior data for threat
intelligence (Tan et al., 2021). Subsequent Prerogatives Apart from ingenious
technology, new areas like security and Al are getting more linked to each
other. The rapid evolution of the security space renders the interconnectedness
of sectors more than vital. The intersection of Al and cybersecurity benefits
from a more interoperable interconnected space. Strategic alliances, Mergers
and acquisitions among vendors will bring strong opportunities for the entire
landscape. This will supercharge service attach across several segments. There
are plenty of challenges remaining in the Al space such as making quantum
computers the standard and post-quantum cryptography a necessity. Quantum
computing becomes so popular that the Al space — as well as its corresponding
security measures — undergoes an entire change because of it. So with that in
mind, we should be spending even more on Al tech to get us ahead of the curve
to predict/prepare for the next big problems. While inventors continue to release
new Al products, many of the Al tools in the future to come will be able to
count on the cleanliness and security of the models to land on. This has led to a
high likelihood of more advanced attacks, since there are dozens of such
systems in production today (Guembe et al., 2022). The collaboration with other
sectors started and is perfecting cybersecurity as mentioned, but the several
cooperation in future ensures the development and integration of millions of
complicated Al-driven solutions for various sectors. Also, as there is quantum,
there should come post-quantum Al-based security solutions. There are also
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few best practices around to help developers build good Al-driven Al solutions.
Al Laws and Ethics Al regulations and ethics to guarantee responsible Al
development and use will emerge. In addition, there is a possibility, if not a
need, that many national governments will use more federal regulations in the
area of Al, which would result in harmonization of such regulations. Drawing
comparisons from previous technical revolutions like electricity and vehicles,
the universe of Al/security population is projected to expand massively in the
coming years. Modern state-of-the-art Al tools used to be large and very
complicated, resulting in the propensity for a model implementation with little
understanding of the tools. Keep in mind that current So Al tools are >100
layers deep. There are new Al regulations that came about scarcely ago. And
there are too many standards in the Al/security space, which will also have an
impact on Al adoption overall in the long term. Cybersecurity needs to stay
current on Al tool and standard trends to create better Al tools with better
security Al tools (Kayode-Ajala, 2023).

2.15 Case Studies and Real-World Applications

There are already four published case studies. For example, the case study
describes a top producer of data and information technology systems for
healthcare, finance and telecommunications industries. The company has over
1,000 IT devices producing huge amounts of log data for them to verify. An
ODM organization that has extensive experience utilizing sophisticated tactics
and procedures was continuously attacking the company. It was obvious in this
environment that even the best.

security analysts wouldn't stand a chance at discovering these threats on their
own without some sort of help. Automatic detection would enable their highly
trained personnel to take action before a breach was made. The company
installed an Al-enabled automated platform to automatically identify and alarm
for threats, complemented by a suite of related security analytics and response-
based tool sets aimed specifically at three targeted attacks occurring at their
facility. They put together best-of-breed cybersecurity solutions, analytics,
intelligent incident response, ML algorithms and crowd intelligence and
wisdom. They frequently produce reports which are generated automatically
from their Al-based system, and these reports have provided their security
experts with a clear view of their environment and the attackers behavior. They
haven't yet hired more people based on the threats they've detected in their
environment. When threats are indicated by the evidence, their trained
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personnel search through the reports and other data sources to decide on
appropriate actions (Maddireddy & Maddireddy, 2022) (Montasari et al., 2021).

2.16 Cybersecurity Skills and Training for Al Professionals

With these emerging risks, along with broader trends at the intersection of Al
and security, much has been made of the need to ensure that the workforce can
be able to adapt to this shift in the threat model. With security professionals
evolving to meet new demands for Al-enabled solutions and threats, there will
be an increasing demand for a workforce that understands both Al and
cybersecurity principles. This section examines mechanisms, strategies and
types of training offered to incoming students and mid-careerists that will allow
them to ascend this career track. It outlines varying educational pathways from
basic security certifications in Al to the full degree options and online courses in
security and Al (Ramsdale et al., 2020). It also goes beyond listing education
needs and methods to laying out approaches to ensure that up-and-coming
security practitioners gain the right level of exposure to enterprise environments
and the real-world challenges to cybersecurity (Kaloudi & Li, 2020).

Many organizations have tried to create new programs or alter course to adapt to
the rapidly evolving landscape. These initiatives are different from the past not
only in leveraging the present-day convergence of security and Al expertise, but
also in their proactive approach to mentoring and nurturing trainees throughout
their educational journeys, their incorporation of industry feedback and
development via an organizing body, and their push to prepare the program
graduates for entry into the workforce. That is possible because of their direct
connection to industry, which reflects an ever-growing collaborative approach to
developing the profession across the security spectrum (Maddireddy &
Maddireddy, 2021a). The strong interest and demand for this type of well-
prepared workforce is in fact likely a sign of a growing strategic drive by
organizations to not just step up their use of Al when it comes to detection and
prevention of attacks, but to expand their arsenals more generally (Ibrahim et
al., 2020).

2.17 Collaboration between Academic Institutions and Industry

New ideas are surfaced, best practices are disseminated and emerging
research is translated into practice thanks to the bridges constructed by
academic institutions and industry. This is particularly pertinent in a rapidly
evolving space like Al, where academic research has longer lead times and has
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proven to be a major intellectual inhibitor on the existing best practices in
industry. They also respond to urgent challenges and rapidly evolving
circumstances set by cyber attackers. Collaborations come in all shapes and
sizes, from the mundane to the highly complex. There may also be valuable
opportunities for the sharing of resources. Okay research prototypes can be
passed to the industry to guide it in designing its application-critical systems.
Such systems will also have implications for cutting-edge research in science—
and on education itself. There is also a need for principles and public assurances
in work on ethics, so it is quite possible that there are important roles to be
played for relevant bodies. A lot of countries encourage those kind of
relationships. A large portion of those institutions received education and
information sharing elements from companies. About some of these institutions
also had some type of funding or practical deal (Sarker, 2024).

2.18 International Cooperation in Al-Cybersecurity Research

Countries are competing primarily on innovation and toward a ‘race to the
top' for Al in cybersecurity. Transnational cooperation may also be the route to
go, especially considering that the cyber threat is not confined to borders and
that a domestic solution enables domestic security while potentially doing more
damage to one’s economy and national security as vulnerabilities abroad can
affect one’s borders as well. Global issues in cyberspace need global solutions
as cyberspace is not limited by real life borders. Of relevant and noteworthy
agreements and treaties that have been produced among states with respect to
cyber and cyber security, noteworthy are the London Process, the Budapest
Convention, the Comprehensive Nuclear-Test-Ban Treaty, as well as several UN
groups and subgroups, e.g., the Group of Governmental Experts on
Developments in the Field of Information and Telecommunications in the
Context of International Security (Maddireddy & Maddireddy, 2021b).

Cross-border partnerships are also very popular and needed, and government
interest answers for some of the why. Across the board, the public-private
partnership model dictates the terms of commercial and non-commercial
partnerships, as cybersecurity is a continuously evolving market and the
information that is shared and learned through the process is commercially
sensitive in order to establish and maintain the lead in innovation (Lysenko et
al., 2024). Public-private partnerships are also geared toward mutual exchange
of information (defensive in nature) while keeping the information sharing
privilege limited to corporate interests. They educate the public with how to
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follow best practices in banking, encryption, smart contracting, as well as
information security to increase the volume of their information sharing. These
include successful cybersecurity cross-border collaboration such as information
sharing initiatives. National datasets are integrated at the European level with
composite threat monitoring to allow the collation of information on working
together and shared defences through the Data Fusion Project. We also need
more data from collaboration to support the outcomes and to help our
international programmer (Zhao et al., 2020).

3.1 Conclusions

» Al has a crucial role in cybersecurity: Al offers tremendous potential for
identifying threats and analyzing data quickly and accurately, enhancing the
effectiveness of security systems.

» Technical and Ethical Challenges: Despite the significant benefits of Al, there
are challenges such as its potential for exploitation by hackers, its impact on
privacy, and the need for strict ethical standards.

» Skills Gap in the Workforce: There is still a shortage of specialized Al skills in
cybersecurity, putting pressure on organizations to provide adequate training.
3.1 Proposals

» Enhancing professional training: Institutions should focus on training and
developing the skills of cybersecurity professionals in Al technologies.

»> Developing Al tools: It is important to improve Al tools in cybersecurity to
ensure they are able to effectively detect and respond to new threats.

> International cooperation: Given the transnational nature of cyber threats,
cooperation between countries and institutions will be essential to combat Al-
based attacks.
3.3 Recommendations

» Encouraging future research: More research on Al and its applications in
cybersecurity should be supported, with a focus on scalable solutions.

» Establishing legal and ethical standards: It is essential for governments and
international organizations to establish legal and ethical frameworks that ensure
the safe and proper use of Al in this field.

» Enhancing partnerships between academia and industry: Collaboration between
academic institutions and industry will help translate scientific research into
practical and effective solutions in the field of cybersecurity.
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