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Comparative analysis of clustering
algorithms in Data Mining choosing the
optimal method for data analysis
Namig Huseynov
Milli Aviasiya Akademiyast
namig.huseynov@naa.edu.az

Abstract. This study presents a comparative analysis of various
clustering algorithms in the field of Data Mining to select the
optimal method for data analysis. Popular algorithms such as
K-means, Hierarchical Clustering, DBSCAN, and Gaussian
Mixture Models (GMM) examined, with a focus on their advan-
tages and disadvantages, as well as their application to real
datasets. The research uses the Iris dataset, where experiments
conducted to evaluate the performance of the algorithms using
clustering quality metrics such as the Silhouette coefficient,
Davies-Baldwin in index, and inertia. The experimental results
show that DBSCAN and GMM algorithms provided the most
distinct cluster separation and high clustering quality. However,
the choice of the optimal algorithm depends on the specific task
and data characteristics. This work can be useful for rese-
archers and data analysis specialists dealing with clustering
tasks in large datasets. The findings of this study can applied to
selecting clustering methods in practical applications.
Keywords: Clustering Algorithms, Data Mining, K-means, Hie-
rarchical Clustering, DBSCAN, Gaussian Mixture

Introduction

In today's world, the continuous growth of data volumes
makes the task of analyzing and extracting useful information
increasingly relevant. Data mining, as a process of automatic or
semiautomatic discovery of patterns in large datasets, is beco-
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ming a key tool for both business and research. One of the most
important methods in this field is cluster analysis, which is used
to group data based on their similarity, allowing hidden
structures and patterns within the data to reveal.

Clustering has a wide range of applications, from analyzing
customer preferences to bioinformatics, where it is necessary to
divide data into groups for further analysis. Various clustering
algorithms exist, such as K-means, Hierarchical Clustering,
DBSCAN, and Gaussian Mixture Models (GMM), each with its
strengths and weaknesses. The goal of this study is to conduct a
comparative analysis of these algorithms, identify their
advantages and disadvantages, and determine the most efficient
method for data analysis. The study evaluates different
clustering quality metrics, such as the Silhouette coefficient,
Davies-Baldwin index, and inertia, providing an objective
assessment of the algorithms' performance.

The results of this research may be useful for data analysis
specialists who are looking for an optimal clustering method,
depending on the specific task and the characteristics of the data.
Overview of Clustering Methods

Cluster analysis is one of the key methods in Data Mining,
aimed at grouping data objects based on their similarities. The
main goal of clustering is to ensure that objects within the same
group (cluster) are more similar to each other than to objects in
other clusters. There are several clustering algorithms, each with
its own advantages and disadvantages. This chapter provides an
overview of the most widely used clustering methods: K-means,
Hierarchical Clustering, DBSCAN, and Gaussian Mixture Mo-
dels (GMM).

K-means is one of the most popular and widely used clus-
tering algorithms due to its simplicity and efficiency. It divides
a dataset into K clusters, where K is a predefined number of
clusters. The algorithm aims to minimize the sum of squared
distances between data points and their corresponding cluster
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centroids. K-means is computationally efficient, especially with
large datasets. The advantages of K-means include its quick con-
vergence, which makes it suitable for real-time analysis, and its
simplicity, which makes it easy to implement and interpret for a
wide range of applications. However, K-means has some
disadvantages: the quality of the clusters depends heavily on the
initial choice of centroids, and poor initialization can lead to
suboptimal clustering. Additionally, K-means requires the
number of clusters to be specified in advance, which may not
always be known, and it may struggle to identify non-spherical
clusters.

Hierarchical clustering creates a tree-like structure of
clusters by either successively merging smaller clusters
(agglomerative clustering) or successively splitting larger
clusters (divisive clustering). Unlike K-means, hierarchical
clustering does not require specifying the number of clusters
beforehand, which makes it suitable for exploratory data
analysis when the number of clusters is unknown. However, hie-
rarchical clustering is sensitive to outliers, similar to K-means,
which can distort the clustering structure.

DBSCAN (Density-Based Spatial Clustering of Appli-
cations with Noise) is a density-based clustering algorithm that
groups together points in high-density regions while marking
points in low-density areas as outliers. This method is
particularly effective for identifying clusters of arbitrary shapes.
DBSCAN has several advantages: it does not require a prede-
fined number of clusters, it handles noise and outliers well, and
it can identify clusters of arbitrary shapes. On the downside, the
performance of DBSCAN heavily depends on the choice of
parameters, particularly the radius (epsilon) and the minimum
number of points required to form a cluster. Incorrect parameter
selection can lead to poor clustering results.
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Experiments and results
The iris dataset from the scikit-learn library used as the
dataset. It contains 150 iris records, each described by four
numerical features. The evaluation of clustering algorithms will
evaluated by silhouette, Davis-Baldwin index and inertia
methods. The result of evaluating each algorithm individually
shown below as a table.
Tab 1. Results of clustering algorithms

Clustering Silhouette Davies- Inertia
Algorithms Baldwin

index
K-means 0.55281902 | 0.66197155 | 78.85144143
Hierarchical 0.55432367 | 0.65625646 | 79.29712848
clustering
DBSCAN 0.73535648 | 0.34427342 | 90.74710889
GMM 0.50117617 | 0.74834564 | 90.18994950

Based on the results, several conclusions emerge:

The DBSCAN algorithm delivers the best performance in
terms of the Silhouette metric, indicating clearer cluster
separation. K-means and hierarchical clustering perform well,
while the GMM algorithm vyields the poorest results in this
context. Regarding the Davis-Baldwin Index, GMM leads with
strong cluster separation, followed by K-means and hierarchical
clustering, which also show notable results. In contrast,
DBSCAN performs significantly worse, showing nearly half the
effectiveness of the other algorithms. For inertia, DBSCAN and
GMM achieve the best outcomes, while the other algorithms
produce lower results.
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Next, let's proceed to visualize the results of cluster analysis
of the data, in our case of iris flower, we can visualize the
clustering results on the plane and in 3-dimensional space using
matplotlib library:

Fig. 1. Representation of Fig. 2. Result of clustering using
data before clustering in the K-means algorithm
3D space

Fig. 3. Result of clustering Fig. 4. Result of clustering using
using the Hierarchical the DBSCAN algorithm
clus-tering algorithm
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Fig. 5. Result of clustering by GMM algorithm

Conclusions

In the course of the research on comparative analysis of al-
gorithms of clustering algorithms in data mining in order to
select the optimal method for data analysis. Data, important
conclusions obtained. The primary objective of this study was to
determine the most effective clustering algorithm for the selec-
ted iris dataset.

From the experiments conducted, it was clear that
DBSCAN and GMM algorithms performed the best compared
to other algorithms such as K-means and hierarchical clustering.
The study showed that DBSCAN and GMM provided the
clearest cluster separation and high quality clustering on the
given dataset. This confirmed by both the silhouette mean and
the Davis-Baldwin index.

Silhouette is an important metric to evaluate the similarity
of objects within a cluster and the difference between clusters.
A high silhouette value for DBSCAN and GMM algorithms
indicates that objects within clusters are similar to each other and
significantly different from objects in other clusters.
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Darin 6yranma vasitasilo miixtalif tip
yangnlarin askarlanmasi

Sahla Zeynalova, Farid Novruzlu
Milli Aviasiya Akademiyasi
fnovruzlu.30930@naa.edu.az

Xiilasa. Burada asas magsadimiz Keras kitabxanasindan
isti-fado  edarak effektiv  yangin askarlanmasini  hoayata
kegirmakdir. Bela isin yerina yetirilmasinda talab olunan kod
Keras, NumPy, OpenCV, Matplotlib va s. kimi miixtalif
kitabxanalardan istifado etmaklo Python dilinds yazilmisdr.
Oyratma iigiin istifada etdiyimiz sokillor 2 sinfi ahata edacaok:
yangin tasvirlori va neytral sakillor. Bu verilonlar bazast xiisusi
olaraq hazirlanmisdir va timumi olaraq 1298 sakil istifada
edilmisdir. Bu yangin agkarlama layihasind> CNN arxitek-
turasindan istifads edilib. Bu yazida alds edilon naticalor
qrafiklor vasitasi ilo gostorilmigdir. Bu layihada alinan naticalor
video, kamera va sakillarda test olunaraq miisbat naticalor alda
edilib va ganaatbaxs hesab olunur.

Acar sozlar: Keras, Python, Yangin, OpenCV, Verilonlor
bazasi

Giris

“Stini intellekt” termini ilk dofo 1956-c1 ildo con makkarti to-
rofindon irali siirlilmiigdiir. Stini intellektin mistoqil bir elmi
istiqgamot olaraq inkisafi 20-Ci asrin ortalarindan baslamisdir.
kompiiter elminin banisi, riyaziyyat¢i vo kriptograf olan ingilis
alim alan turing, siini intellekt haqqinda ilk diistincalorini 1950-
ci ildo "mind" jurnalinda yayimlamigdir. turingin bu fikirlori,
hazirda "turinq testi" adlanan konsepsiya il taninir vo siini intel-
lektin inkigafi {izro todgigatlarda halo do istifado olunmaqdadir
[2]. Siini intellekt imumiyyatls bir masin va ya sistem torofindan
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niimayis etdirilon insana banzor davranisa aiddir. Siini intel-
lektin on osas formasinda kompiiterlor ke¢misdoki oxsar
davranis niimunsalorindon genis molumatlardan istifads edoarok
insan davranisini “imitasiya etmok” {i¢iin proqramlasdirilmigdir.
bu, har hans1 bir heyvan arasindaki forglori tanimaqdan tutmus
istehsal miiassisasindo miirokkob vazifalori yerina yetirmoys
kimi doyiskonlik gostora bilor [1]. Siini intellektls idara olunan
magsinlar, nazarst altinda dyronmo, nazarstsiz dyranmo Vo ya
gliclondirilmis 6yronma vasitosilo problemlori hall edarok qisa
zamanda effektiv igloys vo boyilik miqdarda molumati tohlil eds

MACHINE LEARNING
. ¢<> CAR
[= W => NOTCAR
INPUT FEATURE EXTRACTION CLASSIFICATION OUTPUT
DEEP LEARNING
<>

QO

VeV SV eV aY,
RERERERERI RS
AV AVAVAWAWA
AT ATAYATAYa

g™

INPUT FEATURE EXTRACTION + CLASSIFICATION OUTPUT

bilirlor. siini intellekto masin dyronmasi vo doarin dyronmoa
daxildir [2].

Sakil.1. Masin 6yranmasi ila darin 6yranma arasindak: forq

Dorin 6yronmo, malumatlart tahlil etmok vo niimunalori
tanimaq ti¢iin siini neyron sobokalarindan istifads edon bir masin
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oyronma texnikasidir. Bu algoritmlor insan beyninin foaliyyatini
toglid edir, diisiinmo Vo gorar gobuletma proseslarini tabagolor
vasitosilo simulyasiya edirlor. Bu sayado, dorin dyronma molu-
matlar arasindaki gizli alagolori agkarlayir vo bu slagsleri prog-
nozlar vermak tgiin istifads eds bilir. dorin 6yranmas, ¢ox gatl
neyron sobokslorinin strukturlarina asaslanir. Bu neyron sobs-
kalori, verilon molumatlar1 emal edon ¢ox sayda neyronlardan
ibaratdir. hor bir neyron, giris malumatlarini ¢okilorlo ¢oxaldir,
aktivlosdirma funksiyasini totbiq edir vo ¢ixis1 hesablayaraq
naticani digar neyronlara otiiriir. bu proses naticasinda, malumat
tobogolor arasinda horokat etdikco daha kompleks xiisusiyyatlor
Vo niimunalar lizo ¢ixir. Darin dyronms, bu amaliyyatlart mil-
yonlarla parametr iizorindo tokrarlayarag, tolim molumatlari
osasinda modeli davamli olaraq tokmillasgdirir va bir ¢ox fargli
sahado ohamiyyatli tosiro malik olmusdur. dorin Gyranma
metodlari, sokil tanima, sas tanima, avtonom nagliyyat vasito-
lori, tibbi diagnostika, maliyys prognozlart vo daha ¢ox sahoado
istifado edilir. masalon, sokil tanima sahasinds dorin dyranma
texnikalari, obyektlorin taninmasi, {iz tanima vo avtonom
idaraetmo sistemlorinds tatbiq olunan qabaqcil metodlarin asasi-
n1 toskil edir [3].

Keras, python {igiin bir dorin 6yronma kitabxanasi vo darin
oyranma modellarinin yaradila bilmasi ti¢lin uygun bir miihit
imkant verir. Hal-hazirda keras-dan istifado edonlorin say1
500000-don ¢oxdur. keras google, netflix, uber, cern, yelp,
square Vo yiizlorco layiholordo miixtolif problemlarin hall
edilmasinds istifado edilmisdir [4]. Magalonin bu hissasinda
keras ilo yanginin agkarlanmasi layihasini hoyata kegiracayik vo
yazdigimiz bu kodun diizgiinliiylinii yoxlamagq {igiin videolar,
sokillor vo kameradan istifado edorok sinaqdan kegiracayik.
yazdigimiz kod python dilindo yazilmgdir. Ik olaraq miitlag
sokilds kodda istifado edacoyimiz, masalon, keras, tensorflow,
opencv, matplotlib kimi bizo lazim olan kitabxanalar1 daxil
edirik. Oyratmo igiin istifado etdiyimiz sokillor 2 sinfi ohato

-12 -
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edacok: yangin tasvirlari vo neytral sokillor. bu verilonlor bazasi

xiisusi olaraq hazirlanmigdir vo iimumi olaraq 1298 sokil istifads

edilmisdir. Bu yangin askarlama layihasindos CNN arxitektu-

rasindan istifado edilib.
B

Sakil 2. Verilanlor bazasinda istifads olunan bazi yangin va
neytral sakillor

Sonraki prosesdo modelimiz {iglin 1magedatagenerator
funksiyasindan istifado edaciyik ki, bu da bizim modelimizi
Oyratmo prosesi zamani istifado etdiyimiz sokil molumatlarini
artirmagi asanlagdiran bir prosesdir. bu metodla modelmizin
performansini artirmaq mimkiindiir. bunun ii¢lin kodumuzda
istifado etdiyimiz bazi ¢evirmolor: rotation_range(dénmo arali-
g1)=30, horizontal flip(iifiqi ¢evirmo)=true, shE-ar_range
(kasilma aralig1)=0.15 vo s. istifado olunub. Mode-limizi
yaratmagq iigiin keras kitabxanasinda olan sequential modelindon
istiado edocayik. bu model tobogolori ardicil sokildo yigmaga
komok edir. kodda istifado etdiyimiz tobagolor bunlardir: ilk
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olaraq conv2d tobagasindan istifads edirik bu tobago, xiisusila
goriintii emalinda vo kompiiter gorma layihalarinds genis istifa-
-do olunur.conv2d tabagosi, sokil iizarinds konvolusiya amaliy-
yat1 apararaq xiisusiyyat Xaritolori (feature maps) yaradir. ikinci
istifado edacayimiz tobage maxpooling2d tobagasidir ki bu
keras kitabxanasinda movcuddur vo konvolusiya soboka-lorinda
(cnn) genis istifado olunur. onun magsadi giris hacminin dlgiilo-
rini (en vo hiindiirliik) azaltmaqdir. sonraki istifade edacayimiz
tobogolordan biri flattendir bu tobage konvolusiya gatlarindan
¢ixan 2d matrislori diizlesdirir. Bu kodumuzda son olaraq
istifads etdiyimiz tobago dense vo dropout tobagalaridir. dense
tobagosi tam bagli tabagodir. Har bir neyron ovvalki gatda olan
biitiin neyronlarla olagslidir. Bu, xiisusiyyatlori bir araya gotiro-
rok gerarlarin verildiyi tobagadir. Dropout tabagosi modelin ¢ox
Oyranmosinin qarsisini almaga komok edir. Bu kodda giris
goriintiisiiniin 6l¢iisii input_shape=(224,224,3) 224x224 piksel-
dir. Isdo optimizer (optimallasdirici) olaraq adam istifado
olunmusdur. Bu optimallasdiricidan ona gors istifads edirik ki,
bu bizim modelin 6yredilmo zaman1 daha yaxsi noticolor almaga
komok edir. indi iss modelimizin arxitekturasina baxagq.

Model: “sequential_7"

Layer (type) Output Shape Param #
conv2d_21 (Conv2D) 4 , 54, 54, 54) 23,296
max_pooling2d_21 (MaxPooling2D) 4 s 26, 26, 54) e
conv2d_22 (Conv2D) 4 , 24, 24, 256) 147,712
max_pooling2d_22 (MaxPooling2D) C , 11, 11, 258) e
conv2d_23 (Conwv2D) C 9, 9, 512) 1,180,166
max_pooling2d_23 (MaxPooling2D) ¢ . 4, 4, 512) e
flatten_7 (Flatten) C 192)

dropout_23 (Dropout]) C 192)

dense_21 (Dense) ¢ 2848) 1 79,264
dropout_24 (Dropout} ¢ 2848)

dense_22 (Dense) 4 1824) 2,898,17
dropout_25 (Dropout) 4 1824)

dense_23 (Dense) ¢ 2) 2,85

Total params: 29,238,652 (77.17 MB)
Trainable params: 26,230,658 (77.17 MB)

Non-trainable params: © (@.2@ B)

Sakil 3. Modelin xiilasasi

-14 -
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Son olaraq modelimizi Gyratmaliyik. bunun naticasindos al-
digimiz dayarlora baxsaq dayarlorimizin yaxsi oldugunu deys
bilorik. Aldigimiz giymatlor: accuracy(doaqiqlik)-0.8996, loss
(xota)-0.1899, validation_accuracy-0.9259, validation_loss-
0.1076. Bu doyarlora gora aldigimiz qrafiklor va Oyradilma
prosesinin son hissasi sokil 4-da gostarilib.

Epoct 1558

12::15—1555 Sg/sten - aocc 8025 - Loes: 80735 - wal aoc L0850 - val loss: BLLSKE

Epoch 4o/58

151§ = s 643 5tp - acc; 8930 - Dossc BA303 - wal acr: B9800 - vl loss: .07

Epoch 47758

1515 e Wl 3s5ey - a0 BO4E1 - Doss 2080 - walgcc; 80375 - val_loss: 6,103
Epoch /58

151§ e 115, 76355t - acC: 99683 - Inss: 81476 - valace: 0.9638 - wal loss: 4,113

Epock o758

15/1§ = 185 %5/stay - acc: B.9306 - loss: 8.1589 - wal scc @831 - val loss: 6,300

Fpoch a5

15/1§ =5 3505tz - 30 OLEN6E - Doms BLLB - vzl pccc BODEE - val lose: BLLETH
Loss acc

ZiZMM -
W \/V”WWU\//

— e
—— val_acc

Sakil 4.Modelin dyradilma prosesi va dayarlara gora alinan
grafiklar

Layihomizin yekun olaraq sokillarlo olan sinaqlari sokil 5-
do gostorilib.

- 15 -
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Sakil 5. Almis oldugumuz naticalar

Natico

Moagalods asas olaraq keras kitabxanisinda istifado edorok
yanginin agkarlanmasi layihasini etdik vo bu layihs bir ¢ox
miixtolif gorlintiilordo videolarda vo kamerada test edildi vo
miisbat naticalar alds olundu. goalacokds kodumuzu va verilanlor
bazasmi tokmillosdirarok pualarda istifado edilmasi nazardo

tutulur.
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Using multi-agent technologies to form
dynamic scenarios in an intelligent

5 4 simulator.
=/ Namig Huseynov, Fuad Dadashov,

Elnur Asadov, Huseyn Hesenov
namig.huseynov@naa.edu.az

Abstract: The purpose of this work is to optimize the
learning process in an intelligent simulator using modern
artificial intelligence technologies, such as multi-agent
technologies. The paper considers the use of multi-agent
technologies in an intelligent simulator for coordinated (team)
work of agents. The applica-tion of such an approach directly in
the learning process is assessed, which allows achieving
effective and dynamic user learning. The results of the study
show that the use of multi-agent systems in an intelligent
simulator contributes to a more effective, productive and
dynamic learning process. The findings of this study confirm the
need to use multi-agent technologies in intelligent simulators. In
addition, multi-agent systems allow creating more realistic
learning scenarios, which increases user motivation and
involvement.

Keywords: Intelligent simulator, Multi-agent technology,
scenario, learning process.

Introduction

In the modern world, intelligent simulators are gaining
momentum in use in various industries such as: military
industry, medicine, educational institutions, etc. Intelligent
simulators, unlike other simulators, are distinguished by their
efficiency, optimality, productivity and dynamic learning prope-
rties, which are important qualities for optimizing the end user's
properties. These parameters were discussed in detail in the
following works [1,2,3]. The demand for such simulators is
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growing every year. One of the elements of an intelligent
simulator is a training scenario.

Multi-agent technology is one of the artificial intelligence
technologies that has wide application [4]. In this work, the use
of such a system promotes realistic behavior. And the applica-
tion of multiagent technologies to such simulators shows new
qualities of this simulator, such as realism and adaptability.

This study is aimed at optimizing the learning process in an
intelligent simulator by generating a dynamic scenario. In the
context of this work, the role of multi-agent technology will be
to generate a scenario and enter intelligent agents into this
scenario, in which the agents have the ability to communicate
with each other, as well as a decision-making system. The set of
these agents form an emergent system in other words, these
agents form a single team that strives to most effectively train
the end user in a certain subject area. In this work, as a subject
area, the user will try to improve his skills in shooting with RPG
7 in virtual reality or a simulation created in the Unity Engine.

The first chapter examines the theoretical aspects of the
influence of social networks on the psyche. The second chapter
presents the results of the survey and their analysis. The final
part presents the recommendations and conclusions of the study.

Methodology

The architecture of the intelligent simulator, which was
used in this work, contains several components. The main
components include elements such as IS (Intelligent Simulator)
and MAS (Multiagent System). Fig.1 shows how these compo-
nents interact with each other. The component (IS) contains a
scenario, as well as user and scenario data. The MAS component
contains a set of intelligent agents, each of which has its own
state, policy, decision-making system and communi-cation
system. Agents exchange information with each other ci and can
coordinate their actions to achieve a common goal.
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MAS
Env.

Agent 1 Agent i
IS Datas
State + Politics State + Politics

ai
Decision maker || «eeeses Decision maker

I communication communication
system system

Fig 1. Control and interaction of a multi-agent system in an
intelligent simulator

Description of diagram components

Env. (Environment): Environment. Represents the virtual
environment in which interaction occurs. The environment
includes the conditions in which learning occurs.IS Datas:.
Scenario: Stores training scenarios that are used to create
different conditions and situations for training the user.
User: Contains user data such as progress, results and personal
characteristics needed to tailor scenarios to a specific user.

Multi-agent system (MAS):

» Agent Functions: Each agent in a MAS has a specific role
and functions that it performs during the simulation. For
exam-ple, agents can be divided into attackers, defenders,
or observers, each managing different aspects of the
interaction with the user or other agents.

* Inter-Agent  Communication:  Agents  exchange
information, including data about the environment, the
user's actions, and other agents. Communication allows
them to synchronize their actions to achieve a common
goal - improving the user's learning.
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+ Decision Making: Agents use a decision-making system
based on data received from the simulator and other
agents. This system allows agents to adapt their actions in
real time depending on changing training conditions and
the user's skill level.

» Action Coordination: A multi-agent system coordinates
the actions of all agents to create a coordinated and
effective interaction. For example, if one agent commu-
nicates information about the user's actions, other agents
can quickly adapt their strategies to provide optimal
training conditions.

A multiagent system receives real-time data from an
information system and performs specific actions in response to
that data. This constant interaction between the intelligent
simulator and the multiagent system creates an adaptive,
realistic, interactive, and dynamic learning environment, which
can significantly improve the overall efficiency of the simulator.
This environment enhances the user experience, allowing for
continuous learning and incremental progress, ensuring that the
simulator remains relevant to the user's evolving skills.

Agent Agent
Enemy2 Enemy 3
Agent
E Agent
nemy
Enemy N
Agent

Enemy
Coordinator

Fig 2. Control and interaction of a multi-agent system in an
intelligent simulator
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Fig 3. Control and interaction of a multi-agent system in an
intelligent simulator
Evaluation
To evaluate the effectiveness of using multiagent techno-

logies in an intelligent simulator, a study was conducted that
included a comparison of key training metrics with and without
using a multi-agent system. The key indicators included task
completion accuracy, reaction time, degree of adaptation to user
skills, user engagement and motivation. These metrics allow an
objective assessment of the contribution of multiagent systems
to the optimization of the training process.

Accuracy of task completion. With the multiagent system,
users demonstrated higher accuracy in completing tasks (92%),
which is explained by better adaptation of the simulator to the
individual characteristics of users. This confirms the findings of
studies that note that multi-agent systems improve the process
of adaptation of learners to the virtual environment, making the
process more efficient.
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Tab 1. Results of clustering algorithms

Metric Without With Improvement
Multi- Multi- Percentage
Agent Agent
System System

Task completion | 78% 92% +18%

accuracy

Reaction time 2.5 sec 1.8 sec -28%

(seconds)

Adaptation to Low High -

skill level

User engagement | 65% 85% +20%

User motivation | Medium High -

Reaction time. The reaction time of users decreased by 28%,
which indicates better organization of scenarios and their dyna-
mic change in response to user actions. This is consistent with
the findings of studies that multiagent systems can improve the
coordination of actions in complex scenarios.

Adaptation to skill level. Multiagent technologies allow the
simulator to effectively adapt to the skills of each user, providing
an individualized learning process. Unlike systems without such
technologies, adaptation occurs based on real-time data analysis,
which makes learning more productive.

Engagement and motivation. The study also showed an in-
crease in user engagement and motivation when using a multi-
agent system. This is due to the realism of the created scenarios
and the interaction of agents, which confirms the findings about
the positive impact of such technologies on the interest of
students.
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Conclusions
The use of multi-agent technologies in intelligent simulators
has proven its effectiveness in creating adaptive and dynamic
training scenarios. The use of a multiagent system (MAS) allows
for significantly improved coordination between different
agents, which leads to more realistic and productive training.
The interaction of agents and their ability to make decisions in
real time ensures not only improved training quality, but also its
adaptation to the skill level and needs of a specific user.
The analysis showed that the use of multi-agent technologies
contributes to:
e Increasing the accuracy of user task performance by
creating more flexible and appropriate scenarios;
e Reducing user response time by improving the dynamics
of scenarios;
e Increasing user engagement and motivation through
realistic and interactive scenarios;
e Optimizing the process of adapting training to the
individual characteristics of the user.
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Xiisusi tayinath pilotsuz ucan
aparatlarin idars olunmasinda siini
intlektin tadbiqi
Komallaoddin Ramazanov
Milli Aviasiya Akademiyast
kramazanov@naa.edu.az

Annotasiya. Siini intellekt texnologiyalart pilotsuz ugug
aparatlarvmin - miiasir idaraetma sistemlorinin yaradilmast
vazifasinda miiayyanedici istigamatdir. Horbi amoaliyyatlarin
aparimasinin miiasir qaydalai va sartlori gogsunlarin idaraetma
proseslarinin informasiya tominatimin tamligina qarst taloblori
sartlasdirib va naticada aviasiya sistemlarina olan talablar takca
doyiis vasitalorina deyil, hamda diisman haqqinda informasiya
topla-yan sistemloro qarst qoyulur vo burada diiriist
informasiyamin olmasi, ahamiyyatina géra birincidon geri
qgalmir.

Acar sozlor: Intelektual, pilotsu ucus aparati, program
taminati, idaraetma, bort hesablama kompleksi, siini intelekt,
icraedici.

Bu giin genis istifads olunan texnologiyalarin hoyata kegi-
rilmoasinin asas yolu, o climlodan horbi magsadlar {i¢iin siini in-
tellekt (SI) sistemlorinin yaradilmasinda fordi rogomsal hesab-
lama elementlorinin — neyronlarin macmusundan ibarat siini
neyron sobakasidir (SNS). Sebokanin tabagolori eyni zamanda,
sOziin adi monasinda proqramlasdirilmir, lakin tolimlosdirilir.
Bu xtisusiyyat SNS-in anonovi hesablama alqoritmlorindon osas
iistiinliiyiidiir. Oyranma prosesi zamani neyrosobako giris molu-
matlar1 ilo ¢ixis molumatlar1 arasinda miirokkab asililiglar:
mioyyon eds bilir vo hom do iimumilogdirir. Tolim dastinda
catigmayan, natamam olan, vo/va ya “sas-kiiylii”, eloca do qis-

-25 -


mailto:kramazanov@naa.edu.az

ARTIFICIAL INTELLIGENCE TECNOLOGIES AT & AP e
AND AEROSPACE ProBLEMS-2024 i oA

mon tohrif olunmus molumatlar osasinda yiiksok ehtimalla
diizgiin notico aldo eds bilocok sistemlor yaradilir [1].

Xarici nogrlordo geyd olundugu kimi silahli qiivvelordo
onlarin effektiv holli {iglin genis spektrli vozifalorin hoyata
kecirilmosindo SI sistemlorindon istifado etmok maoslohatdir.
Beloalikla, bu ciir sistemlorin kosfiyyatda, eloco do dyronilmasi
zoruri olan obyektlorin askarlanmasinda on faydali olacag:
bildirilir.

Toalob olunan kasfiyyat obyektlorinin (mosalon, toyyaralar,
gomilor, miixtalif nov silahlar, fiziki soxslor vo s.) hazirlanmig
sokillori miixtalif bucaglardan, isiqlandirmadan vo miixtolif
miihitlordo aparilmis  ¢okilislorin  emalinin  naticasidir.
Neyrosoboka tosvirin xarakterik xiisusiyyatlorini (xattlori,
onlarin birlogmolorini, formalarini, rongini, dl¢iisiinii vo s.) tohlil
edir vo birinci vo ikinci ndv xotalarin minimum maqgbul
soviyyasi ilo obyektlarin eynilogdirilmasini tomin edon taninma
modelini qurur. Inkisaf etmis o6lkolordo tosvir olunan siini
intellekt imkanlarint hoyata kegiron silah modellori artiq
moveuddur.

Stini intellekt metodlar1 siirotlo inkisaf edir vo texno-
logiyanin miixtalif saholorindo, sonaye istehsali, tohliikosizlik,
informasiya emali, dilgilik, elmi toadqiqatlar, horbi senays va s.
sahalorinds genis istifado olunur. Son illords miixtalif toyinatl
(kosfiyyat, hiicum, ¢oxmogsadli) pilotsuz ugus aparatlarinin
hazirlanmasina va yaradilmasina boyiik diqqst yetirilir ki, onlar
bdyiik masafalorde yer hadoflorine qarsi, o ciimlodon yliksok
daqiqlikli silahlardan istifads etmokls foaliyyat gdstara bilirlor.

Miiasir horbi miinaqisolordo PUA-lardan istifado tocrii-
basinin tohlili belo naticoys golmoyo imkan verir ki, PUA-lardan
istifado etmoklos diismon haqqinda olds edilon tam, operativ vo
etibarli molumatlarin olmasi doyiis omoliyyatlarinin ugurla
aparilmasi ligiin zoruri sortdir.

PUA-lar miixtolif goraitlordo genis spektrli vozifolori hall
etmok ti¢iin istifado edilo bilor. Moagsadindon va yerino yetirdiyi
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vazifolordan asili olaraq bu qurgular miivafiq texniki vasitolorlo
tachiz edilir va yerina yetirilon vozifolori nozors alaraq PUA-lar
coxlu tosnifat qruplarini ayirmaq olar [2].

PUA-lardan istifads {igiin taktikalarin inkisafi istigamotindo
mithiim hoallordon birido pilotlu ugus vasitolorinin vo miixtalif
tipli pilotsuz sistemlorin birge foaliyyat gostormalaridir.

Hazirda klassik program tominati asasinda siini intellekt
funksiyalarim1 hoyata keg¢iron miiasir ugus aparatlar1 hazirlan-
misdir. Siini intellekt texnologiyalart PUA-larin gorar gobulunu
va qrup istifadesini tomin edon miixtalif intelektual sistemlor,
bort program vo aparat idaroetmo komplekslorinin osasini togkil
edir.

PUA-lar osasinda pilotsuz intellektual aviasiya sistem-
lorinin (PIAS) yaradilmasi, insanin dork etmo vo idrak funksi-
yalarii imitasiya etmoyo vo miioyyon dorocods idaroetmo foa-
liyyaeti ilo miiqayise olunan xiisusi tapsiriqlari yerina yetirar-kon
naticalor aldo etmoyos imkan veron vo horbi sistemlorin somo-
roliliyinin artirilmasini tomin edon texnoloji hoallorin perspek-
tivli sahasidir.

Bunun iiciin UA-nin bortunda bir sira texniki vasitolor
(roagomsal foto, video vo termal kameralar, sensorlar vo digor
avadanhgqlar) qurasdirilir, onlarm kémaoyi ilo moelumatlar emal
olunur vo yeriistli idaroetmo stansiyasina vo ya birbasa atos
(zarba), idaraetma va rabita vasaitlorina otiiriliir ki, ikinci halda
kosfiyyat tizro askarlanmis hodoflore zorbo real vaxt rejimindo
hoyata kegirilo bilor (raketlor, idars olunan aviasiya bombalari
Vo s.).

Miiasir PUA-lar yerino yetirdiklori tapsiriqlara goro ¢ox-
funksiyali, uygun va silahli giivvelorin movcud va golocok struk-
turlarina inteqrasiya edilmis, qeyri-miioyyaonlik sorastinds tapsi-
riqlar1 miistaqil sokilds yerina yetirmak gabiliyyatino malik olan
tiplora boliiniirlor [3].

Onlar qarisiq qruplar torkibinds vahid doytis idarsetma zo-
nasinda uzaqdan, avtomatlasdirilmis vo avtomatik idaroetmso

-27 -



ARTIFICIAL INTELLIGENCE TECNOLOGIES
AND AEROSPACE ProBLEMS-2024

zamani eyni zamanda totbiq imkani ilo tapsiriglart yerino
yetirmoys qadirdirlor.

Horbi aviasiyasi {igiin qirict toyyarslorlo birlikdo pilotsuz
toyyaralor molumat toplamaq ve real vaxt rejiminds pilota
Otlirmok tigiin istifado edilo bilor. Siini intellektls tochiz edilmis
PUA va dronlarin kdmayi ilo qirici tayyaralorin doytis effektiv-
liyini vaxtinda alinmis informasiya ilo xeyli artirmaq miimkiin-
diir.

PUA-larin ¢oxfunksionallig1 onlarin asasinda eyni vaxtda
isloyo bilon radiotexniki, optik sistemlor vo infraqirmizi kos-
fiyyat altsistemlorido daxil olmaqla inteqrasiya olunmus
miisahids vo kesfiyyat sistemlorini yaratmaq imkaninin olmasi-
dir vo onlarin verilonlori vahid bort hesablama kompleksi tora-
findon emal olunur.

Burada poerspektivli saholordon biri rabito signallarinin
retransliyaslya vasitosilo otiiriilmasidir [4].

Coxfunksiyaliliga homginin kosfiyyat imkanlarinin genis-
londirilmasi va rabito problemlorinin halli ilo yanasi, PUA-larin
avtonom iglomo miiddotinin artirilmasi vo onlarin taktiki vo
texniki xiisusiyyotlorinin yaxsilagdirilmasi aiddir.

PUA-larin doylis istifadosinin  xiisusiyyotlorini nozors
alaraq, miixtolif sinif vo toyinatlh PUA-lardan hazirlanan vo
yaradilmast planlasdirilan komplekslor, istismar, tominat vo
doytis istifadesinin imumi prinsiplori soviyyasinds yiiksok
doracods unifikasiya ilo xarakterizo olunan vahid pilotsuz
intellektual vasitalor sistemi yaratmalidir.

PUA-nin tapsiriglarini somarali yerino yetirmak ii¢lin onun
doyiisdo istifadesinin biitiin marhololorinde dayaniqli vo etibarli
idaroetmoni tomin etmok lazimdir. Umumiyyatlo, PUA-nmn
idarsolunmasi, onun toyinatina uygun biitlin texniki vasitolor
kompleksinin harokatlorinin rasional ardicilliginin vo hadof
imkanlarinin hoyata keg¢irilmosini tomin edon bir prosesdir. Bu,
minimal vaxt intervallarinda ohomiyyatli miqdarda miixtalif
novli informasiyanin islonmasini tolob edir.
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Bu, PUA-larda, yertistii idaroetmo stansiyalarinda, retrans-
liyasiya montogolorinds, yoni yaradilmis pilotsuz intellektual
aviasiya sistemindo totbiq olunan proqram vo aparat sistem-
lorinda siini intellektin todbiqi ilo miimkiindiir.

PiAS-n osas elementlorindon biri ilkin informasiyanin
natamam va ya geyri-miioyyonliyi, xarici tasirlorin vo foaliyyat
miihitinin geyri-miioyyanliyi soraiting islomoays yonslmis per-
spektivli horbi toyinatli idarsetms sistemlorinin layiholon-
dirilmasidir.

Aydindir ki, xarici tosirlorin tosadiifi xarakteri ilo miixtolif
geyri-miioyyanliklorin olmasi, haradaki, bunlara konar voziy-
yatin gozlonilmaz doyismosi, idarsetms obyektinin moxsusi
istismar xarakteristikalar1 vo otraf miihit parametrlori aiddir vo
onlarin intelektualilliq imkanlarmin artirilmasi idaroetms sis-
temlorinin yiiksok soviyyado avtonom olmasi, adaptasiya vo
etibarlili idaraetma vasitosilo tomin edilmalidir [5].

PUA-n1n yerino yetirilon tapsiriglar1 ¢or¢ivasindo PIAS-mn
idaroetmo sistemino asagidaki toloblor qoyulur: ham universal,
hom do ixtisaslagmis hesablama vasitolorindon istifadoe etmoklo
paylanmis osasda idaroetmo sisteminin qurulmasi; ol vo
avtomatlasdirilmis rejimlordo islomok bacarigl; ¢otin fiziki-
cografi goraitdo idaroetmonin tomin edilmosi; yiiksok istismar
etibarlilig1, xarici amillora qarst davamliliq va tomirs yararliliq;
qarisiq qrupun bir hissasi kimi UA-n1 idars etmok bacarigy;
manieyoyadavamliliq; hom universal alqoritmik hesablamalari
yering yetirmay9, hom do boyiik paralel informasiya axinlarini
emal etmoyo gadir olan giiclii bort hesablama sistemindon
istifado; ¢oxkanalli yerli navigasiya sisteminin totbiqi; az isiq
soraitindo vo olverissiz hava soraitindo islomoyo gadir olan
multispektral texniki gbérmo sisteminin movcudlugu; yiiksok
stirotli, sos-kiiyo davamli rabito vo idaroetmo kanallarinin
movcudlugu; giic idarsetma elementlorinin yiiksok yiik qabiliy-
yati; horbi standartlarin toloblorine uygun olan is soraiti {i¢iin
ciddi toloblors cavab veran komponentlorin sistemds istifadosi.
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Qeyd etmok lazimdir ki, bu giina godor PUA-nin ugusunun
cotin fiziki-cografi soraitindo idarosetmonin somorsliliyini
azaldan hom elmi, hom texniki, hom do toskilati xarakterli bir
cox hall edilmamis problemlor qalmaqdadir. Bunu nozars alaraq
PUA-nin qrup halinda idars edilmasi probleminin halli ii¢iin iki
osas istiqgamot nazaordon kegirilir.

Birincisi, PUA-nin harokatlarinin ardicilliginin (tak va qrup
soklindo) avtomatlagdirilmis idaroetmo sistemi ilo Oncodon
alqoritmini nazards tutur.

Ikinci istigamot tapsiri@in yerino yetirilmosi prosesindo
PUA-nin harokatlorinin magbul ardicilliginin tapilmasini vo
hayata kegirilmasini ohats edir.

PIAS hom stasionar, hom do mobil idareetmo
moantogalorinden tok vo qrup PUA-larina nozarstin tomin
edilmosini nozordo tutlur. Operator hava gomisi ilo radio
kanallar1 vasitasilo slage saxlayir. Nozarot signalinin gabulu va
emali, eloco do sonraki icra mexanizmlorin idars olunmasi bort
kompiiter kompleksi torafinden idars olunur.

PUA-nin idareetms sisteminin iki asas elementin torkibinda
nazordon kegirilmosi maslohat goriiliir [6].

Birinci-icraedici, yoni giic qurgusu va sitkan mexanizmlori
ilo birgs ugcan UA-nin 6zii.

Ikincisi-idaroedici, yoni ugus ii¢iin tapsiriq qoyan, zorurot
yarandiqda ugus proqramini doyisdirmak barods qorar gobul
edon vo verilon trayektoriyadan konara c¢ixdigda UA-nin
harokatini korrekto edon omrlor toplusu.

Idaroetmo sisteminin (IS) belo boliinmosi toyyaronin ugus
xiisusiyyetlori ilo baghdir. Bundan slavo, PUA-larin nisbaton
kicik Olgiilori vo ¢okisi moveud pilotlu UA ilo miigayisodo
onlara xarici tosirlorin (daglar, mesolor, antena qiillslori va s.)
sayinin vo ¢oxsaxaliliyinin artmasina sobab olur. Natico etibari
ilo idarsetmo sisteminin element bazasina olan toloblor daha da
sortlogir. Hom idaroetma signalinin 6tiiriilmasi kanallarina, hom
do informasiya kanallarina, o ciimlodon informasiyanin 6tiirtil-
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mo siiroting, manioyays davamliliga, dorin sifrolomo alqorit-
mina, miirokkab formali arazido inaml rabito mosafasing vo s.
yiiksak talablar qoyulur.

PUA-nin idarasetms sisteminin hall etdiyi osas funksiyalar:
UA-nin an yaxs1 (optimal) trayektoriya tizro ugusunu tomin edon
kiitlo morkozinin harokating nazaroat; PUA-nin saquli, {ifiiqi vo
uzununa oxlar1 otrafinda bucaq harokatlorine nozarat (kursun do-
yismasi, ucus hiindiirliiyli, kren); ugus siirotino nozarst. Belo-
liklo, PUA-n1n ugusunu idars etmok onun horokot parametrlorine
nazarat etmokdon ibaratdir.

PUA-larin idaro edilmosi ilo bagli belo miirokkob maoso-
lalorin halli bu vo ya digor saharo aiddiyati olan proqram sistem-
lorinin uygunlasdirilmasindan vo ¢evikliyindan ibarat olub yeni
informasiya texnologiyalar1 sistemlorinin xilisusiyyatlori osasin-
da hoyata kecirilo bilor. Biitiin bu hallarda problemin hansi
model, alqoritm va proqram sistemi vasitasilo hall olundugunu
va ya vaziyyatin dark edilmasini aprior demok miimkiin deyil.

PUA-nin bort avadanligi kompleksinin torkibindo genis
spektrli intellektual alqoritmlarin vo xiisusi program tominatinin
olmasi zoruridir. Biitiin nov intellektual sistemlors timumon
program va ya aparat tominatinin hoyata kecirilmasindo
linqvistik prosessor olan, tobii dilin pesokar dialektlorini
avtomatik olaraq kompiiter dilino vo oksino g¢eviron
minasibatlor sistemi daxildir. Formalasdirilan bilik bazasi
imumi halda, iki név topasi olan ikitorofli geyd olunan qraf
soklindo tomsil edilon funksional semantik sobakadir [7].

PUA-nin bortunda qurasdirilmis intellektual qurgular
(vericilor) bort kompiiteri vasitosilo intellektual informasiya
axtarig sistemini formalagdiraraq hiindiirliik, istiqgamot, siirot
lizro skan cihazlar1 (sensorlar) vo GPS sistemini toskilati vo
funksional olaraq bortda aparatin idaroetmo moduluna (AIM)
birlosdirilir (sok.1).

Aydindir ki, bortda avtomatlagdirilmis idaroetmo sistem-
lorinin hazirki inkisafi soviyyesindo PIAS-in yaradilmasinda
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osas problem genis spektrli intellektual alqoritmlorin vo xiisusi
program tominatinin UA-nin bortunda islonilmasi vo hoyata
kegirilmasidir.

PUA-nin noviindan, toyinatindan vo yerino yetirilon tapsi-
riqlardan asili olaraq asagidaki idaroetms sistemlorini yaratmaq
miimkiindiir: avtonom, qeyri avtonom va kombinasiyali [8].

Avtonom idaroetmo sistemlorinin xiisusiyyati ondan
ibaratdir ki, harokato nazarat signallar1 tamamils bortda yerloson
avadanliq torofindon yaradilir vo bu avadanliq iso salindigdan
sonra idaroetmo montogesindon he¢ bir molumat almur.
Avtonom idaroetma sistemlori avvelcadon miioyyon edilmis
programa uygun isloyir.

UA-nin IDAR® MODULU

[Hiindiirlik tizro)| Kurs iizra Horakot siirati
skan qurgusu skan qurgusu skan qurgusu

1

7

-

Televizor
kamerasi

y A 4 4 BORT
IDARSETMO HESABLAMA
QURGUSU KOMPLEKSI i e

W T ¢ |V Kkamera
Teplovizor
RABIT® MODULU
QLONASS
{} ﬁ 0 ﬁ GPS

kamerasi
Sakil 1. PUA-nmn idaraetma modulunun bort intellektual
kompleksinin strukturu
Avtonom sistemlordon istifado edorkon idaroetmo signal-
larin1 olds etmoak ti¢lin iki iisul var. Horokot trayektoriyasini
miioyyon edon PUA-nin horokotinin osas parametrlorinin (siirat,
hiindiirliik, ugus kursu) zaman iizro neco doyisocoyini ucusa
baslamazdan ovvol hesablamaq olar. Alinmis zaman
funksiyalar1 GIS-don istifade edorok miioyyon edilmis komiy-
yotlor vo ya proqramlar kimi xiisusi idaroetma sistemi (IS) cihaz-
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larina daxil edilir. PUA-nin ugusuna start verildikdon gostorilon
parametrlorin cari qiymotlori miivafiq qurgular torofindon
fasilosiz olaraq doyisdirilir. IS parametrlorin hesablanmus qiy-
matlaricari qiymatlorle miiqayise edir vo agar onlar borabar de-
yildirss, onda miivafiq idaroetms signallar1 yaradir.

Ogor PUA fozada onun koordinatlarini fasilasiz 6l¢gmayo
imkan veron avadanliglarla (sensorlar, skan edon qurgular, ka-
meralar) tochiz olunarsa, o zaman avtonom idarsetmoni digor
formada hoyata kecirmok olar. Avadanligdan alinan koordi-
natlar avtomatik olaraq avvalcadon toyin edilmis proqrama uy-
gun olaraq idaraetms signallarinin qiymatlarini hesablayan bort
hesablama sistemina daxil edilir. Naticads, miioyyen trayek-
toriya avvalcadon verilmir, lakin cari koordinatlardan asili ola-
raq hor dofo hesablanir. Bu zaman obyektin koordinatlarinin
ilkin olaraq hesablama qurgusunda saxlandigi giiman edilir.

Belo idaroetms sistemlorinin isino siini sokildo yaradilmis
manialar tosir gdstormir vo bu onlarin asas istiinliiytidiir. Bun-
dan olava, bu sistemlor PUA-lar1 uzun ugus mosafosi zamani
1dara etmok ticiin istifads edilo bilar.

UA-nin bortunda kompiiter kompleksi vo program tominati
ila alagali olan, miixtalif toyinath sensorlarin foto vo videoka-
meralarin, termal kameralarin istifadosi kompleksdo miioyyon
stini intellekt sistemi yaradir ki, bunun asasinda icra zonasinda
onun ugusu, kurs vo hiindiirliik izro manevrlori hoyata kegirilir.

Sistemdo PUA-nin yeriistii idaroetma stansiyasimnim (YIS)
hesablama kompleksino zaman {izro baglilig1 vo 6tiirtilmaesi ilo
koordinatlar fiksaj olunur, haradaki, diizolis omrlori yaradilir vo
UA-nin bortuna geri 6tiirtilir. PUA-nin néviindon vo tapsi-
riqlarindan asilt olaraq gosterilon idarsetms tisullar1 miimkiin-
diir: pilotal vo naviqasiya.

Pilotaj tisulu hom daxili sistemlor vasitosilo (avtomatik
rejimdo), hom do uzaqdan idarsetms vasitosilo (avtomatlas-
dirilmis rejimdo) hoyata kecirilo bilar.
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Avtomatlagdirilmis idaroetmo zamani idaroetmo monto-
gasindan siikan aerodinamik miistavilorin miioyyan edilmis ayil-
mo bucaglar1 vo giic qurgularmnin is rejimlori Stiiriiliir. interaktiv
sistemlords iki soviyysli idaroetmo sistemindon istifado etmok
mogsadouygundur. Birinci (yuxar1) soviyyo operator omrlori
yaratmagq ug¢iin intellektual sistemdir, ikinci (asag1) soviyyo iso
planlasdilma maorhslasinde vo PUA-nin verilmis harokotdon
konarlagmalar zamani nozars alinmayan tosadiifi amillorin tosiri
zamani masalolorin hollini tomin edon adaptiv idaroetmonin icra
sistemi funksiyasini yerina yetirir

Ogor yuxarl soviyyado limumilosdirilmis anlayislar, qiy-
motlondirmalor vo qaydalar istifado olunursa, asagi soviyyado
miivafiq sensorlar (skan cihazlari) vasitesilo alds edilon daha
doqiq molumatlar istifade olunur. Idarsetmonin yuxari soviyye-
sinin geyri-salis alagalor vo geyri-salis montiq asasinda togkili
maqsadouygundur. Bu, operatora linqvistik doyisonlordon istifa-
do edorok PUA-nin problemini miloyyon etmoys imkan verir.
PUA-nin manipulyasiya mexanizmlorinin (kamera, antenna)
avtonom adaptiv idaro edilmasi problemini hoall etmok iigiin
onun idaraetma sistemindon istifads etmok olar.

Ugus prosesinds PUA-nin parametrlorinin qiymatlori daim
doyison hayocanlandirici tasirlor sorastindo olur. Bu saboabdon
UA-nin idaro modulunda, eloco do yer stansiyasinda bu ciir
parametrlorin malumatlarin1 qobul va tohlilini idars etmak ¢oti-
nindir.

Interaktiv idaroetma sistemi asagidaki funksiyalar1 yerino
yetirir: UA-nin ugus trayektoriyasinin (diizxatli vo ya oyrixatli)
toyin edilmasi; ugus rejiminin se¢imi; baza ndqtosindon masa-
fonin miioyyan edilmasi vo fozada voziyyato nozarat; monitorun
ekranina molumatlarin verilmosi; kompiiter sistemlorindon
istifado edorok signalin islonmosi; ddyiislor zamani araziya topo-
grafik bagliliq.

Nozors almaq lazimdir ki, PUA-nin istifadesinin planlas-
dirillmas1 zamani1 vo holl olunan vozifslorin dinamikasinda
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doyisiklikloro uygun olaraq doylis istifadosi zamani idaraetmo
sisteminda qorar gobul etmo proseslorinin bas verdiyi biitiin
meyarlar konfiqurasiya edilo bilon soboko parametrloridir.

Idaroetmo problemlorinin dinamik xarakterino, yiiksok
Olciiyo malik olmasina, idarsetma sisteminin 6ziiniin faaliyyst
gostoricilorinin tam sisteminin formalasdirilmasinin miirokkob-
liyino gora, nozarot olunan informasiyanin natamamligi vo
qeyridiiriistliiyti PUA-n1in rabito alt sisteminin yiiksok funksional
cevikliyini va sliratini tomin etmok {iglin geyri-salis neyron
sobakalordan istifade etmok mogsadouygundur.

Siini intellekt texnologiyasinda iki miixtslif nazariyyonin -
neyron sobokolorinin vo qeyri-salis montiq nazoriyyasinin
birlosmasi mdévcud vaziyystin (voziyyatin tohlili vo taninmasi,
davranisin moagsadouygunlugu vo digor xassalor iizra) noazors
alinmast yolu ilo, hom¢inin idaroetmo sistemino  yeriistii
idaroetmo stansiyasindan UA-nin bort intellektual kompleksina
mosafodon idarsetmo xotlori lizra trafikin miioyyon ndviiniin
oOtiiriilmasi zamani dayanaqliligt ve fasilasizliyi tizro PUA-nin
idaraetmo prosesini optimallagdirmaga imkan verir.

Xarici tosirlorin geyri-miioyyonliyi, amoliyyat miihiti vo
yering yetirilon tapsiriglarin dinamizmi soraitinds islomaya
yonalmis siini intellekt texnologiyalarina asaslanan perspektivli
vo dsayaqnigli PUA-in idaroetmo sisteminin yaradilmasi
prosesinin tomin edilmasi lizrindo fasilasiz olaraq islor aparilir.
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In the management of special purpose unmanned aerial
vehicles application of artificial intelligence
Kamaladin Ramazanov

Annotation. Artificial intelligence technologies are a
determining direction in the task of creating modern control
systems of unmanned aerial vehicles. The modern rules and
conditions of conducting military operations have tightened the
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requirements for the completeness of information provision of
troop management processes, and as a result, the requirements
for aviation systems are not only against combat vehicles, but
also against systems that collect information about the enemy,
and the presence of honest information here is not inferior to the
first in terms of importance.

Keywords: Intelligent, unmanned aerial vehicle, software,
control, on-board computing complex, artificial intelligence,
executive.
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Features Of The Application of
Artificial Intelligence in Aircraft Onboard
Systems
Turana Binnataliyeva, Ismayil Ismayilov
National Aviation Academy
turana.binnataliyeva@naa.edu.az

Annotation. The article presents an infrastructure that
integrates intelligent agents to monitor aviation pilots' attention
in real-time during training and operational flights. The main
goal of this infrastructure is to facilitate the decision-making
process and improve situational awareness, thereby actively
enhancing flight safety. The proposed hardware and software
platform allows for the early anticipation of problems that could
lead to incidents and eases the decision-making process to
ensure flight safety. To achieve this goal, the multi-agent system
is designed using the latest technologies in artificial vision and
psychophysical parameter measurement.

Keywords: aviation complexes, onboard equipment,
information management systems, artificial intelligence, intel-
ligent technologies, machine learning systems, vision systems.

Currently, the use of artificial intelligence in aviation
pursues two goals: to leverage its potential to address the issue
of reducing the impact of air traffic on the environment and to
manage network capacity, either increasing or decreasing it
depending on traffic growth or reduction. At the same time, it is
necessary to consider that artificial intelligence (Al) should
provide more accurate forecasts and more sophisticated tools to
enhance flight safety and performance, as well as improve the
decision-making process and the use of limited resources.
Additionally, it should also increase human productivity.
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Let us consider some problems associated with replacing
pilots with artificial intelligence:

1. The presence of a vast number of unpredictable
situations in flights, which are currently impossible to
describe and include in Al.

2. Despite the slight cost reduction and weight savings of
the aircraft due to the exclusion of the crew from the
cockpit, there is a need to increase the number of costly
fault-tolerant sensors that need to be developed and
installed.

3. The necessity of conducting complex and expensive
flight tests to ensure the safety, reliability and efficiency
of Al-controlled flights.

4. Difficulties in achieving high-quality flight control
software. This issue has been highlighted in the crashes
of two Boeing 737-MAX airplanes.

5. Legal responsibility for the outcome of Al-controlled
passenger flights, as currently, the pilot is criminally
responsible for flight safety. Who will be responsible in
an automatic flight: the operators or the Al developers?

Specifically speaking, artificial intelligence will not manage
the aircraft but will improve the flight experience (simplify
flight searches, provide more competitive airfares, and help
airlines fly sustainably). Thus, it can be assumed that artificial
intelligence will not manage the aircraft but will enhance the
flight experience.

Based on the above, there arises a need to create an onboard
infrastructure that should integrate intelligent agents to monitor
the real-time attention of aviation pilots during flights. The main
goal of the developed infrastructure is to actively improve flight
safety by early detection of problems that could lead to incidents
and facilitating the decision-making process that will result in
positive problem resolution.
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For this purpose, the infrastructure includes a virtual cockpit
system that records real-time data, both the telemetry data from
the onboard avionics system and the subject's behavior, and
compares all of it with previous telemetry and behavior records
from the database. From a methodological perspective, it is
proposed to develop new closed-loop technologies through the
computerization of the environment in which they operate, so
the system can recognize attention lapses, analyze potentially
dangerous situations, and issue alerts that allow for correct
decision-making and/or complete situational awareness. In this
sense, the proposed multi-agent infrastructure will be integrated
with onboard instruments. The infrastructure consists of
optoelectronic sensors that produce useful information about the
physical environment in which the pilots operate.

So, computerized psychophysiological research allows
integrating specific, individual results into the group behavior
model and, finally, having a complete panorama of information
in the operational context. Feedback is based on the correlation
of actual and perceived data and/or those that were taken into
account. Here, a comparative analysis of data between current
parameters and previous ones (selected from previous
experiences) with the corresponding results of decisions is also
performed. The computerization of behavior measured in this
way will allow us to create a database to reduce the workload
caused by events based on knowledge, in routine and/or non-
standard situations, through the development of an appropriate
alert protocol that informs the pilot about the difference between
the effective operational situation and the perceived one.VThe
multi-agent system uses the latest technologies in the field of
computer vision and measurement of psychophysical
parameters, starting with the latest knowledge about visual
attention, to develop an original and innovative model that
actively enhances flight safety by early detection of problems
that could lead to incidents and facilitates the decision-making
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process. The intelligent infrastructure for informing pilots about
the flight situation is shown in Figure 1.

REASOMING
MODULE

Figure 1. Intelligent infrastructure for informing pilots about
the flight situation

SAMS (Situation Awareness Monitoring System) is a
situation awareness monitoring system that is the core of the
infrastructure. It is modeled as a fuzzy inference system, which
is a process that formulates the mapping of a given input to an
output using fuzzy logic. SAMS is divided into two elements:
PAM (Pilot Attention Monitor) and SAM (Situation Awareness
Monitor).

PAM consists of three modules: ALE (Attention Level
Evaluator), AFE (Attention Focus Evaluator), and SD( System
Database). In the preliminary phase, PAM identifies the pilot's
current information and conducts an initial evaluation of the
attention level. Then, during the flight, all three modules receive
raw input data. Information comes from HMI and CAV. ALE
and AFE evaluate two indices, which indicate the pilot's
attention level (quantitative) and the attention focus level
(qualitative) respectively, while SD compares the new input data
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with the reference data and selects a fuzzy rule and databases
according to the current information received by the pilot and
the situation. Personalized fuzzy rules and databases are sent
along with ALE and AFE indices. The feedback information
received from SAM is used to update the personalized fuzzy
rules and database. The main module of the system is SAM. This
is the reasoning module (RM - Reasoning Module), which uses
a fuzzy inference system to calculate the adequacy of the pilot's
current attention to the current flight situation. The SAM fuzzy
inference system has three input parameters from ALE, AFE,
and SD. PAM evaluates artificial indices based on raw data
collected by HMI and CAV. If the responses are positive, SAM
sends feedback to SD to update information about the current
flight status. If the response is negative, SAM activates the alert
block, which will send a signal to the pilot using the RM, the
alert module, and the feedback module. The comparison block
"Is attention adequate?" indicates whether the attention is
sufficient.

HMI: Human-Machine Interaction Recorder. This compo-
nent records all interactions between the pilot and the cockpit. It
uses available technologies to track psychometric and neuro-
physiological parameters, such as eye movement and gaze, heart
rate, blood pressure, skin conductivity, EEG.

CAV: Cabin Artificial Vision. This component mimics a
reference pilot project that is capable of receiving and processing
all information about the aircraft. In fact, it extracts telemetry
data from all onboard control systems, such as the Flight
Management Guidance System (FMGS) and the Enhanced
Ground Proximity Warning System (EGPWS). The collected
data is calculated and aggregated in real time, then the relevant
parameters are sent to SAMS for processing.
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Conclusion

Given that Al should provide more accurate forecasts and
more sophisticated tools to enhance flight safety and perfor-
mance, as well as improve the decision-making process, this
work uses the most advanced technologies to create an agent
infrastructure for interpreting the reality in which the pilot
operates. An infrastructure model called "Situation Awareness
Monitoring Infrastructure™ (SAMI) has been developed, based
on intelligent agents interacting with each other, acting as a
virtual co-pilot to complement the real pilot's capabilities,
enhancing situational awareness, and actively supporting and
restoring the pilot's attention.
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W AND AEROSPACE PROBLEMS

Hava gomisinin bort sistemind» siini intellektin
tatbiqinin xiisusiyyatlori
Turana Binnataliyeva, Ismayil Ismayilov

Xiilasa. Maqgalads talim-operativ uguslar zamant aviasiya
pilotlarimin digqatinin real zaman rejiminda nazarati maqsadi ila
intellektual  agentlori  birlasdiron  infrastruktura  taqdim
edilmisdir. Bu infrastrukturun asas moagsadi — qorar qabulu
prosesini asanlas-dirtlmaq va vaziyyat hagqinda malumathilig
yiiksaltmak va bununla da uguslarin tahliikasizliyini aktiv sakilds
artirmaqdwr.  Toqdim olunan aparat-program platforma
insidentlora goatirilo bilon problemlari avvalcadon gormoaya
imkan verir. Bu magsada nail olmag ti¢tin is> multiagentli sistem
stini gorma va psixo-fiziki parametrlorin él¢giilmasi oblastinda an
miiasir yeni texno-logiyalardan istifads etmaklo ayihalondirilir.

Acar sozlar: aviasiya komplekslori, bort avadanhglart va
informasiya-idaraetmo sistemlori, siini intellekt, intellektual
texnologiyalar, masin oyronma, gorma sistemlori.
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PILOTSUZ UCUS APARATLARINDA
TOHLUKOSIZLIYIN TOMINATI
MONBOLORI VO
TEXNOLOGIYALARI
Qambar Quluyev, Fohrad Pasayev,
Nigar Mommadova,
quluyevgambar@gmail.com

pasha.farhad@gmail.com
nigar.mirzayeva@mail.ru
AR ETN Idaraetma Sistemlori Institutu
Dovlat Taohliikasizliyi Xidmoatinin Heydar Oliyev adina
Akademiyasi

Molumdur ki, pilotsuz ucus aparatlar: (PUA) hayatin miix-
tolif saholorinds genis totbiq olunmaqdadir [1]. Miixtalif sahe-
lordo PUA-lardan istifado hallarinin artmasi vo kiitlovilogsmosi
ilo yanas1 PUA layihalondirilmasi, yaradilmasi islori do siiratlo
inkisaf etmokdo vo davam etmokdodir. Totbiq sahalorinin say1
artdigca PUA-lar iizorino qoyulan tolablor do inkisaf edib
doyismokdodir [2]. PUA yaradicili§inin tarixi son ddvrloro
tosadiif etdiyino goro bu kiberfiziki sistemlor yaradilarkon elm
vo texnikanin va xiisuson do kontroller texni-kasinin, informa-
siya texnologiyalarinin on son yeniliklorindon istifado edilir.
Qeyd etmok lazimdir ki, istonilon digor kiber-fiziki sistemlorda
oldugu kimi PUA yaradiciliginin vo totbiginin 6z mshdudiy-
yotlori vardir. Totbiq sahslorinin ciddiliyinin, masuliyystinin
artmast PUA-larin texniki tohliikesizliyinin to-min edilmasi
izorino do ciddi toloblar qoyur. PUA-lardan istifado zamani bozi
hallarda miixtslif soboblordon qarsiya qoyulmus mogsodlar oldo
edilmir v ya naticalar qeyri doqiq alinir. Bu sobablar icarisinda
PUA-n1n 6z nasazliglarini, rabito problemlorini, yerls toqqusma
vo havada toqqusma kimilorini gostormok olar. Adi ¢okilon vo
ya bagqa sobablor aparatlarin effektiv itismarini tomin eds bilo-
cok metod vo alqoritmlorin yaradilmasinin aktualligini artirir.
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Magaloads bu deyilonlori nazors alaraq Pilotsuz Ugus Apa-
ratlarinda tohliikosizliyin tominati manbalari vo texnologiyalari
aragdirilmisdir. Aparilan todqiqatlar asagidaki plan tizro hoyata
kecirilmigdir:

- PUA-larin texniki tohliikasizliyinin giymatlondirilmasi
tictin malumat manbalarinin analizi;

- UA-larin texniki tohliikasizliyinin giymatlondirilmasi tigiin
zoruri malumatlarin gobulu texnologiyalarinin analizi vo
islonmasi;

- Texniki vaziyystin  giymotlondirilmasi  ti¢lin  zaruri
texnologiyalar.

PUA-larin texniki tohliikasizliyinin giymatlondirilmasi iigiin
malumat manbalarinin analizi;

Qarstya qoyulmus plan gorgivasindo PUA kontrollerlori,
horokotin izlonmosi qurgusu vo bu qurgudan molumatlarin
alinaraq islonmasi, analoq signallarin gobulu qurgusu arasdirilir.
Aparilan eksperimentlor zamant STM32F103C8Tx (LQFP100)
tipli kontrollerindon [3], bu kontrollers birlogdirilmis MPU9250
9 oxlu harokatin izlonmasi qurgusundan [4,5] vo qida
monbayinin gorginliyindon istifads edilmisdir. MPU9250 9 oxlu
horokotin izlonmosi qurgusundan molumatlar i2C protokolu
vasitosi ilo gobul edilir [6].

SYS_JTMS-SWDIO

USARTI_RX
USARTI_TX
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Sokildon goriindiiyii kimi STM32F103C8Tx-in PAOQ, PAL,
PA2, PA3 girislorino miihorriklori idare edon ikinci taymerin
cixislart birlogdirilmisdir. PB10, PB11 giris ¢ixislarina MPU-
9250-do molumat gobul etmok iigiin ikinci 12C protokolu iigiin
SCL vo SDA signallar1 birlosdirilmisdir.

Qida monbayinin gorginliyi analoq signal kimi PA4 giri-
sindon hoyata kecirilir. Bu girisin adt ADC1_IN4 —dir. Gosto-
rilon periferik qurgularla STM32F103C8Tx kontrolleri arasinda
rabito  STM32CubeMX adli STM32 mijrokontrol-lerlorini
konfiqurasiya edon vo se¢ilmis periferik qurgular ii¢lin inisia-
lizasiya kodlar1 yaradan qrafik vasitonin komoyi ilo hoyata
kecirilir [7].

PUA-larin texniki tahliikasizliyinin qiymatlondirilmasi iigiin
zoruri Malumatlarin  gabulu texnologiyalarimin  analizi va
islonmoasi.

MPU9250 qurgusunun iinvanlari asagida verulmisdir.
#define MPU9250_ADDR 0x68<<1
#define MPU9250W_ADDR 0xDO
#define MPU9250R_ADDR O0xD1
#define WHO_AM_I_REG OX75
#define PWR_MGMT_1 REG 0x6B
#define SMPLRT_DIV_REG 0x19

#define GYRO_CONFIG 0x1B
#define ACCEL_CONFIG 0x1C
#define MAG_ADDRESS 0x0C
#define Temp_Out H 0x41
#define Temp_Out_L 0x42
#define AccelX Out H 0x3B
#define AccelX Out_L 0x3C
#define AccelY_Out H 0x3D
#define AccelY_Out_L Ox3E
#define AccelZ Out H Ox3F
#define AccelZ Out_L 0x40
#define GuroX_ Out H 0x43
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#define GuroX_Out L Ox44
#define GuroY_Out_H 0x45
#define GuroY_Out L 0x46
#define GuroZ_Out_H 0x47
#define GuroZ_Out L 0x48

#define PWR_MGMT _1 0x6B // Device defaults to the
SLEEP mode
#define F_SPI2_NSS SPI2_NSS
Bu iinvanlar proqramin includes bdlmesinda verilir. Bu

bolmonin avvalinds
#include "main.h"
#include <math.h> daxil edilir. Istonilon periferik qurgudan
informasiya qobulu {igiin qurdular inisializasiya edilmalidir:

/* Initialize all configured peripherals */

MX_GPIO _Init(); GPIO portunu inisializasiya edir

MX 12C2_Init(); 12C2 protokolunu inisializasiya edir

MX_TIM2_Init();  Timer2-ni inisializasiya edir

MX_USART1_UART_Init(); USART1 portunu( COM portu)
inisializasiya edir

MX 12C1_Init(); I2C1 protokolunu inisializasiya edir

MX_ ADCI Init(); Analoq signallar1 qabul edon birinci portu
inisializasiya edir.
Asagidaki komandalar ikinci taymerin c¢ixiglarindan dord
mithorriyin  idare edilmaesini tomin edon enino impuls
signallarinin verilmasini tomin edir.

HAL_TIM_PWM_Start(&htim2, TIM_CHANNEL_1);
HAL_TIM_PWM_Start(&htim2, TIM_CHANNEL_2);
HAL_TIM_PWM_Start(&htim2, TIM_CHANNEL_3);

HAL_TIM_PWM_Start(&htim2, TIM_CHANNEL_4);
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Az miiddatli gdzlomolori tomin etmok {igiin
HAL Delay(t) komandasindan istifado etmak olar. Burada
t parametri millisaniyolori ifado edir.

Asagidaki komandalar MPU9250 qurgusundan giroskop vo
akselerometr registrlorinin konfiqurasiyasini toyin edir. Koman-
dalar yazilarkon HAL kitabxanasindan istifads edilmisdir.

Giroskop ti¢iin:
Data = 0x00; ///x08
HAL_I12C_Mem_Write(&hi2c2, MPU9250_ADDR,
GYRO_CONFIG, 1, &Data, 1, 1000);
Akselerometr {iciin:
Data = 0x00; ///x08
HAL 12C_Mem_Write(&hi2c2,
MPU9250 ADDR, ACCEL_CONFIG, 1, &Data, 1, 1000);
HAL_Delay(100);
Asagidaki komandalar qrupu kvadrokopterin
miiharriklorinin ilkin veziyyastini tomin edir.
KPWM1=50;
KPWM2=50;
KPWM3=50;
KPWM4=50;
KPWM6=53;
htim2.Instance->CCR1 = KPWM1,;
htim2.Instance->CCR2 = KPWM?2;
htim2.Instance->CCR3 = KPWM3;
htim2.Instance->CCR4 = KPWM4;
HAL_Delay(10000);

Asagidaki komandalar kontrollerin daxili temperaturunu
qibul etmoyi tomin edir. Qabul edilmis qiymatlor bufT adli bu-
fero yazilir.

bufT[0]=Temp_Out _L;
ret = HAL_12C_Master_Transmit(&hi2c2,
MPU9250_ADDR, bufT, 1, 100);
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ret = HAL_I2C_Master_Receive(&hi2c2, MPU9250 ADDR,
bufT, 2, 100);
HAL_Delay(5);
Giroskop veo akselerometr malumatlarini gabul etmok tigiin
komandalar asagida verilmisdir.
bufG[0]=GuroX_Out H;
ret = HAL_I12C_Master_Transmit(&hi2c2, MPU9250 ADDR,
bufG, 1, 100);
ret = HAL_I2C_Master_Receive(&hi2c2, MPU9250 ADDR,
bufG, 6, 100);
HAL_Delay(3);
bufA[0]=AccelX_Out_H;
ret = HAL_I12C_Master_Transmit(&hi2c2, MPU9250 ADDR,
bufA, 1, 100);
ret = HAL_I2C_Master_Receive(&hi2c2, MPU9250 ADDR,
bufA, 6, 100);
HAL_Delay(2);
Analoq signallar1 qobul etmak li¢iin HAL ADC_Start(&hadcl);
HAL_ADC_PollForConversion(&hadcl,
HAL_MAX_DELAY);
ADCValue = HAL_ADC_GetValue(&hadcl);
HAL_ADC_Stop(&hadcl);
Texniki  vaziyyatin  qiymatlondirilmasi  digiin ~ zaruri
texnologiyalar.
PUA-nin texniki vaziyyatini qiymatlondirmak ti¢lin alinmis
signallar miixtalif texnologiyalarla iglonir.
Kontrollerin daxili temperaturunun vo qida monbayinin
qiymatkori gobul edildikcs ¢okili gozon orta qiymot metodu ilo
hamarlanir. Bu zaman golocok prognoz giymaetin doyismasing
nazarat edilir vo bu qiymetlorin praktikadan miioyyon edilmis
sorhad giymatlorini kegocoyi halda ugusun dayandirilmasi haqda
gorar gobul edils bilor.
Cakili gozon orta qiymot (WMA) On line olaraq totbiq
edilo bilor. Bu zaman {f, f5, ... f,} ¢oxlugunun sonuncu k sayda
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elementindon istifado edilir vo yekun qiymot asagidaki kimi
hesablanir:
k fn + (k - 1) * f(n—l) + -+ f(n—(k—l))
k+k-1)+--+1

Bu hesablanan qiymot sonraki omaliyyatlarda bir informativ
olamot kimi istifado edilo bilor. Diisturdan goriindiilyli kimi
hesablanmis qiymot hamarlanmis olur. Yekun qiymato
qurgudan golon parametrin sonuncu qiymotlori daha ¢ox tosir
gbstormis olur.

Molumdur ki, adi ¢okilon metodlar vo ya digor metodlar
totbiq edildikds i € [1,1],k € [1,K]P; = P, yerina yetirilmis
olur. Bu omaliyyatlarin totbiq edilmosinin miimkiinliyii
giymotlondirilmolidir. Bu mogsodlo omoliyyatin xotasinin
toqribi miitlaq qiymgti

P_, + P
= abs(z ( * Ati)
K P4+ P
_ Z abs (u . Atk>)

kimi hesablana bilor [8]. P, qiymotlori hesablanarkon hor
noqtodo yarana bilocok xota belo hesablanir:

WMAk ==

ek = -———_—

K — Dhzy

abs(X!_, abs (w At; ) — YK _abs (M * Atk))
B (K — 1At
(K — 1)At;, = T oldugundan:

ek = E

r P; P; P P
~ abs(X!_, abs (% At; ) — YK _,abs (blT-l_k * Atk))

T
Giroskop va akselerometr qiymatlorindon texniki voziyyatin

qiymatlondirilmasi tigiin olamatlor yaratmagq ti¢iin
asagidakilarin hoyata kegirilmasi zoruridir:
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Oxuma tezliyinin toyin edilmasi,

Analiza calb edilacok moalumat hacminin tomin edilmasi;
Analiz tgiin gotiiriilmiis molumatlarin Veyvlet cevir-
malari vasitaesi ilo, Furye sirasina ayirmaqgla vo ya RNM
texnologiyala1 totbiq etmoklo islonmasi vo uygun infor-
mativ olamatlorin yaradilmasi [9-11].

Yaradilmis olamotlor PUA-larin texniki voziyyatinin on

line vo off line qiymatlondirilmesinds siini intellekt texnolo-
giyalarimin totbiqinoe imkan verir.
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HNurerpanus Texnonorun Uckyc-
crBeHHOro MuTesiekra B Cucreme GPS
JJ15l NOBBINIEHUSI TOYHOCTH HABUT AU
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ghasanli@naa.edu.az

Annomayun. Beedenue uckyccmeenHnoco uHmesleKma
(HH) 6 cucmemvl enobanvrozo nozuyuonuposanus (GPS) npeo-
cmasnsiem cobou peGONOYUOHHBIUL wae Ol ABUAYUOHHOU
UHOYCMpUU, HANPAGIEHHbIL HA NOGblULeHUe MOYHOCMU U
HAOEHCHOCMU HABUCAYUOHHLIX OaHHbIX. B smou cmamove
paccmampusaromcs, OCHOBHble NpoOIeMbl MEKYWUX Ccucmem
GPS 6 asuayuu u 6ozmooscnocmu npumenenus MU ons ux
pewenus. Ilpusedenvt npumepsl ucnonvsoeanus MU 6 asuayu-
OHHOU Hagueayuu, a makxdice 00CYHCOAOMCSA NepPCneKmusl
OanbHelule2o pa3eumuisi MmexHoI02U.

Knwuesvie cnosa: Fckyccmeenuvlil unmeniekm, HABU-
2ayus, ao0anmueHvle aleopummsl, paouonomexu, MAuuHHoe
obOyueHue.

Cuctembl GPS cranmu OCHOBHBIM HMHCTPYMEHTOM IS
HaBUTAllMd B aBHAIlMM, OOECIeYrBasi TMHJIOTOB W CHCTEMBI
yTpaBJICHUS MTOJIETAMH JAHHBIMH O TEKYIIIEM MECTOIOJIOKEHHN
BO3JYIIHBIX Cy/I0B. TeM He MeHee, HECMOTPSI Ha BHICOKYIO TOY-
HocTh, GPS umeer cBom orpaHudeHus, BHI3BAHHBIE MHOXKECT-
BOM (PaKTOpOB, BKIIIOYAsi aTMOC(EpHBIC MMOMEXH, MHOTOJTyde-
BOE pacIpoCTpaHEHNE CUTHAJIOB U uHTepdepeniuio [1].

Wuterpamus MU B cucrembl GPS npeanaraer Bo3MoxHOC-
TH JUISL 3HAYUTEIBHOTO YJIYYIICHHS TOYHOCTH W HAJIE)KHOCTH
HaBHUTAIIMOHHBIX JIaHHBIX, YTO KPUTUYECKHU BaKHO /s Oe3omac-
HOCTHU ¥ 3 (EKTUBHOCTH IOJICTOB.
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IIpo6aembl Tekymux cucrem GPS B aBuanuu

CymectBytome cuctreMbl GPS crankuBatoTcs ¢ psiiom
mpo0eM, KOTOPbIE MOTYT BIUSTh HA TOYHOCTh W HAJIE)KHOCTD
HABUTAIIMOHHBIX JAHHBIX:

e MmuoromnyueBoe pactpocrpanenue: Curaansl GPS moryT
OTpaXKaTbCs OT 3/IaHUM, TOP M JPYTUX OOBEKTOB, UTO
MPUBOJUT K MOSIBJIICHUIO JIOXKHBIX CUTHAJIOB M OLIMOKaM
B OIIPEICIICHUN MECTOITOJIOKEHHS.

e Atmocdepnbie nmomexu: M3meHnenus B uoHochepe u
Tporocdepe MOryT HCKakaTh curHayibl GPS, BbI3bIBas
HETOYHOCTH.

e lnrepdepenuus curHanos: Pagumomomexu OT Ipyrux
MCTOYHHUKOB MOTYT BJIHSATH Ha Ka4€CTBO MPUHUMAEMBIX
curnaioB GPS.

e 3aBUCHMOCTb OT BHJMMOCTU CIYTHHKOB: B ycroBusx
CIIO)KHOTO penbeda WIM TYCTOH 00JauHOCTH MOXKET
BO3HUKHYTH moTepst curtana GPS, uto HeratuBHO cka-
3bIBAETCS] HA TOYHOCTH HABUTALIMH [2].

Ipumenenne UN ansa yaydmenus: Tounoctu GPS B

aBHallUH
HckyccTBEeHHBIN UHTEIUIEKT MpeAiiaraeT psij peuieHui s
YIIyYIIEHUS] TOYHOCTH U HanexHocTu cucteM GPS. OcHOBHEIC
HanpaBiieHus uaTerpanuu MU Brimroyaror:

O0paboTKa CHTHAJIOB M YCTPAaHEHUE IIIYMOB

NN moxeTr MCHOiIb30BaThCS Ui YIY4YIIeHHS OO0pabOTKU
curHasioB GPS myTem ¢uimbpTpanyu 1 ycTpaHeHHs IIyMOB. AJl-
TOPUTMBI TIyOOKOTO OOydYeHHUsi CHOCOOHBI aHATU3UPOBATH
OobIrie 00BEMBI JAHHBIX, BBIJEISS TTOJIE€3HBIE CUTHAIBI U yC-
TpaHsisl UCKa)XCHHsI, BHI3BAaHHBIE MHOTOJIYYEBBIM paclpocTpa-
HEHHEM U aTMOC()EPHBIMH TOMEXaMH.
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IIporHo3upoBaHne U KOMIEHCANMS OIIMOOK

Mogenu MamMHHOTO OOYy4eHHUs MOTYT NPOTHO3UPOBATh
BO3MOXKHbIE OIIMOKU B ONPEAEIEHUN MECTOIOJIOKEHUS U KOM-
IIEHCUPOBATh UX HA OCHOBE UCTOPUYECKUX JAHHBIX U TEKYIIUX
YCJIOBUNA. DTO MO3BOJISIET YIIYUIINTh TOYHOCTh HABUTALIMOHHBIX
JAHHBIX JAa)X€ B YCIIOBUAX BPEMEHHOM IOTEPU CUTHAIA WU
CUJIBHBIX ITIOMEX.

Pucynox 1. @®ponm cuenana, coomeemcmayowuti 0OHOMY U
momy drce apemenu usnyuenus, 6 momenmot A, B u C

HNuTerpanus ¢ IpyruMu HABUTAIMOHHBIMH CUCTEMAMH

WU nozsonsier o0beaunsaTh qanabie GPS ¢ undopmarueit
OT JIPYTUX HaBUTALIMOHHBIX CUCTEM, TAaKUX KaK MHEpLHUAJIbHbIE
Hapuranuonuesie cucteMbl (MHC) u HazemHble panvoHaBUTa-
IIMOHHBIC CUCTEMBI [3].

Takass wHTETpanus MO3BOJSET YJIYYIIUTh TOYHOCTh U Ha-
JEKHOCTh HABUTALIMM 32 CUET HCIOJIb30BAaHHUS OMOIHUTENb-
HBIX JAHHBIX JUI1 KOPPEKLMH MECTOIONIOKEHUS [5,6].
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AJanTUBHbIE AJTOPUTMbI HABUT AU

NW moxeT co3naBarh aAalTUBHBIE HABUTALMOHHBIE AJITO-
PUTMBI, KOTOpbIE CHOCOOHBI MOACTPAUBATHCS MOJ H3MEHSIO-
uiecst yciaoBus nojierta. Hampumep, B yCIOBHSX CIOXKHOTO
penbeda WM MI0XOM BUIUMOCTU CHUCTEMA MOXKET aBTOMATHU-
YEeCKH KOPPEKTUPOBATh METO/IbI 00OpaOOTKU JAHHBIX U MPOTHO-
3UpPOBaHUS MECTOIIOJIOKEHUS, 00ecTeunBasi BBICOKYIO TOUHOCTb
HaBurauuu [7,8].

IIpumeps! npumenenuss UM B aBuaniuoHHON HaBHIa-
111071

[Ipumenenne UM B aBuamum yke HaXOOUT OTpPaXCHUE B
Pa3IUYHBIX [IPOEKTAX U UCCIIEN0BAHUAX:

ABTOMATH3HPOBAHHbIEC CHCTEeMbI yIpaBJIeHUs
noJjeraMmmu

Kommanuu, takue kak Airbus m Boeing, paspabatsiBaroT
cuctemsl, Hcnoib3ytomme WM Uil NMOBBILIEHHS TOYHOCTH
HaBUTAIMK U aBTOMATU3aIlMU MIPOLIECCOB YIPABIICHUS TOJETOM.
OTH CHUCTEMBI MOTYT aHAJIM3UPOBATh JITaHHBIE B PEaIbHOM BpE-
MEHU U IPUHUMATh PEIeHHs HA OCHOBE CIIOKHBIX aITOPUT-MOB
MAaIIMHHOTO O0YYEeHHUS.

JIpoHBI M OeCNNJIOTHBIE JIeTaTeJbHbIe ANNapaThl

WU nomoraer obecreunBaTh BHICOKYIO TOYHOCTh HAaBUTa-
UMK U u30eraHve MpemnsTCTBUMA JUIsl APOHOB U OECHMIIOTHBIX
JeTaTeNbHBIX alllapaToB, YTO OCOOCHHO BaXKHO B YCIIOBHUSX
TOPOJICKOM 3aCTPOMKH WIIH CJIOKHOTO penbeda [9]. AnroputMsl
MAIIMHHOTO O0y4YeHHs] MOTYT aHAJIM3MPOBAThH JAHHBIE C pa3-
JUYHBIX CEHCOPOB M KOPPEKTHPOBATh MapLIPyT B PEATbHOM
BPEMEHH.

Cucrembl NPOrHO3UPOBAHUS W TNPEAYNPEXKIACHUS O
TypOyJIEHTHOCTH

WU ucnone3yercs 1uid aHaiau3a JaHHBIX O TypOYJIEHTHOCTH
U TIPEJCKa3aHus €€ MOSABIEHUS, YTO MO3BOJIET MUJIOTaM 3apa-
Hee IPUHHUMATh Mepbl Jis 0OecreyeH s 0€30MacHOCTH I0JIETA.
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Takuwe cucTeMbl MOTYT 3HAUHTENBHO TOBBICUTH KOMQOPT H
6e3omacHOCTh maccaxupos [10,11].

3akaoueHne

1. OnTuMH3aIUs MAPWIPYTOB ToJjeTta: Vcrnonp3oBaHue
WU no3BosisieT ONTUMHU3UPOBATH MAPIIPYTHI MOJIETA, YUYUTHIBAS
MOTO/IHBIC YCJIOBHSI, TPapUK B BO3IYIIHOM IPOCTPAHCTBE M
npyrue (HakTopbl. ITO COCOOCTBYET CHIKEHUIO BPEMEHHU I10-
JeTa, YJKOHOMHUHU TOIIMBA M YMECHBIIICHHUIO BEIOPOCOB YTIICKHUC-
JIOTO Tas3a.

2. IloBblmienue HageKHocTH U OesomacmocTu: UU
MOKET aHaJTM3UPOBATh MHOXKECTBO (PAKTOPOB B pEaIbHOM Bpe-
MEHH, MPeACKa3bIBaTh BO3MOXHBIC MPOOJIEMBI W TpeiJiaraTh
aNbTepHATHBHBIC MAPIIPYTHl WU JEHCTBUS Ui 0OECTICUeHUS
0€30MacHOCTH TOJeTa. JTO CHHXKAET BEPOSITHOCTh OIIMOOK,
CBSI3aHHBIX C YEIIOBEUYECKUM (DaKTOPOM.

3. HHTerpauus ¢ cucTeMaMu yNpaBJieHHs BO3AYIIHbIM
aBu:kenueMm: MU oGneryaer mnterpanuio GPS ¢ cucremamu
ynpasieHus Bo3ayHeM aBrkeHreM (ATC), obecrieunBas 60-
Jee KOOpIUHUPOBaHHOE U d(h(PEeKTUBHOE yNpaBiIeHHE BO3IYIII-
HBIM TpauKOM. ITO TIOMOTAET MPEIOTBPATUTE CTOJIK-HOBEHHS
U yIy4dIIUTh YIPaBJIeHHWE BO3AYLIHBIM MpocTpaHcTBoM. Obpa-
00TKa OOJBIINX TaHHBIX B peanbHOM Bpemenu: U -anroputmel
CrocoOHBI 00pabaThIBaTh OTPOMHBIE O0BEMBI JAHHBIX B peaib-
HOM BpPEMEHH, YTO IMO3BOJIICT aBUAIMOHHBIM CHCTEMaM ObIC-
Tpee pearupoBaTh Ha M3MEHEHHUS B OKpYXKalollell cpene H
o0OecneunBaTh 00j1€€¢ TOUYHBIC HABUTAIMOHHEIC TAHHEIC.

WHTerpanust UCKyCCTBEHHOTO MHTEIJIEKTa B cucteMbl GPS
MPEJICTABISET COOON 3HAYMTENBHBIA IIar BIEpE] B 0OOJACTH
apuaumoHHoM Haurauuu. I[Ipumenenne MU nossossier ymiyu-
[IIATh TOYHOCTh ¥ HAJC)KHOCTH HABUTAIMOHHBIX JaHHBIX, YTO
CHOCOOCTBYET MOBBIIICHUIO 0€30MaCHOCTH U (PPEKTUB-HOCTH
MOJIETOB. B OyaymiieM MOXKHO 0KHIaTh JATLHEHIIIETO Pa3BUTHS
texHonoruit MM, uto mpuBener k eme Oojee COBEPIIEHHBIM
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CHCTCMaM HaBUT Al B aBHalluU, CITOCOOHBIM aaarnTUupoBaTbCA
K JI00BIM YCJIIOBUSAM U oOecreynBaTh BBICOYAMIIIMIA YPOBCHb
TOYHOCTH.
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Integration of Artificial Intelligence Technology in GPS
System to Improve Navigation Accuracy
Hasanli Gurban, Elnur Asadov

Abstract. The introduction of artificial intelligence (Al)
into global positioning systems (GPS) is a revolutionary step for
the aviation industry, aimed at increasing the accuracy and
reliability of navigation data. This article examines the main
problems of current GPS systems in aviation and the
possibilities of using Al to solve them. Examples of the use of Al
in aviation navigation are given, and prospects for further
development of technology are discussed.

Keywords: Artificial intelligence, navigation, adaptive
algorithms, radio interference, machine learning.
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Implementing Deep Learning in
Azerbaijani Education for Enhanced
Learning Experiences
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yasharhm@gmail.com

! National Aviation Academy
2 Azerbaijan State Qil and Industrial
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Abstract: Azerbaijan's educational system might undergo a
change thanks to deep learning techniques, which allow
software to dynamically adapt and develop based on the needs
of specific students. Numerous chances for individualized
learning experiences arise from this, especially when it comes
to customizing course material to suit the interests and learning
styles of individual students. To evaluate and improve course
delivery, instructors may now use learning analytics and reports
from learning management systems, which offer quantitative
data. However, it takes a lot of time and effort to manually
analyze this data in order to find trends and improve the course
contents on a regular basis. This procedure can be automated
and intelligent course materials may be created with great
accuracy without the need for manual involvement by combining
deep learning techniques with learning management systems. In
order to anticipate and improve learning outcomes at scale, a
deep learning model is proposed in this research along with an
analysis of the factors impacting the application of deep
learning in Azerbaijani education. Adopting such a model might
lower development and maintenance costs, lessen risks, and
improve communication amongst the parties involved in
Azerbaijan's educational system.
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Keywords: Smart education, deep learning, LLM, LMS,
learning analytics, reforming education strategy.

1. introduction

With the advent of e-Learning and Learning Management
Systems (LMSs), traditional classrooms have become self-
sufficient means of dispensing information. This represents a
significant evolution in educational technology. Artificial
Intelligence (Al), Machine Learning (ML), and Deep Learning
(DL) are examples of digital technologies that have transformed
computing methods by identifying patterns and forecasting
future events. For data scientists and analysts, Al-based gadgets,
often called smart devices, are helpful because they facilitate and
expedite data gathering, processing, and interpretation.

2. Methodologies

Digital technologies like Al, ML, and DL enhance
education by simplifying instructional material generation and
introducing innovative learning and collaboration methods [1].

ML applications enable systems to learn and improve from
experience without being programmed automatically. They use
algorithms to analyze data, produce outputs within acceptable
ranges, and are categorized into supervised, unsupervised, and
reinforcement learning. ML has made operations in the
education sector more accessible, faster, and efficient than
manual operations. It offers personalized learning, content
analytics, grading, and assistance in teaching. The recommender
system is considered the most utilized modern-day system in the
education sector [1].

= %DSE
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Fig 1. How ML works and get result

Deep Learning (DL) is a learning technique that use arti-
ficial neural networks (ANNS) to simulate human thought and
learning. It maps inputs to outputs and discovers correlations,
enabling neural networks to approximate unknown functions
[2]. Classification, grouping, and regression are some examples
of deep learning approaches. DL is a ground-breaking method
for processing enormous volumes of data, with machine
performance improving as more data is analyzed. It resulted in
an explosion of data from various sources, including social
media, search engines, and e-commerce platforms [1].

‘ N number of hidden

input layer | Yoy Output layer

=l O Ny
el A — A
L v S v S

VNN

Fig 2. How deep learning works

The DL method consists of three layers: input, hidden, and
output. The input layer processes raw data, the hidden layer adds
extra information, and the output layer refines the machine's
pattern at all layers of the neuron network.
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3. Discussion:

SMART education

Smart education is an innovative approach to teaching that
uses cutting-edge technology to improve learning results. It can
take place in either virtual or actual contexts, or in a combination
of both [3]. Teachers employ cutting-edge technologies such as
online virtual classrooms, cloud computing, and cellphones to
give comprehensive learning opportunities. This unique method
prepares students for a rapidly changing environment, forcing
instructors to adapt and incorporate current abilities into trade-
tional classrooms [1]. Educators acknowledge that knowledge
transfer is not the sole responsibility for student education; stu-
dents actively seek, accumulate, critique, and construct know-
ledge.

Smart-guiding education’s concepts are including [2]:

- The utilization of current curricular materials is critical
for resolving academic challenges, since global
information flow and professional activities accelerate,
demanding replenishment with current knowledge.

- Independent project, study, and cognitive activity of an
organization;

- This concept underpins the implementation of the
educational process in a dispersed learning environment,
as well as the training of specialists to solve creative real-
world challenges.

This approach is critical for implementing educational
procedures in a distributed learning environment and educating
professionals to identify original solutions to real-world challen-
ges. Smart education, encompassing concepts like smart peda-
gogy, smart environment, and smart learning, represents a shift
from traditional teacher-centered methods to learner-centered
approaches utilizing adaptive and interactive technologies [4].

UNESCO published the Beijing Consensus to support the
Education 2030 Agenda, with 17 OECD member nations
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producing digital education strategies between 2015 and 2019.
The European Union's Digital Education Action Plan (2021-
2027) focuses on fostering a high-performing digital education
ecosystem and enhancing digital skills for digital transformation
[4]. The study also highlights two major subjects namely “Foste-
ring the Development of a High-Performant Digital Education
Ecosystem” and “Enhancing Digital Skills and Competencies
for the Digital Transformation” in the OECD's digital strategies
in education [5].

1 L2
Fostering the Enhancing Digital Skills
development of a high- and Competencies for
performing digital the Digital
education ecosystem Transformation
~{ 6 Actions }~ ﬂ 7 Actions f

Fig 3. OECD digital strategy

Although Azerbaijan is not a member of the European
Union, we should look for ways to apply the European Union's
Digital Education Action Plan in reshaping our educational
goals. The European Union's Digital Education Action Plan
adopted for 2021-2027 consists of a total of 13 actions, each of
which is detailed in the following explanation [4]:

1. The priority focuses on developing a robust digital
education ecosystem across the EU, ensuring the development
of reliable internet connectivity, access to devices, and digital
learning platforms. It also focuses on building educational
institutions' capacity to develop and implement digital learning
strategies, including teacher training and strong organizational
capabilities. The Action Plan emphasizes the importance of
high-quality, engaging, and inclusive learning content that caters
to diverse learning styles and abilities.
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2. The second priority of the United Nations' strategy is to
enhance digital skills and competences for the digital trans-
formation. This includes ensuring citizens have foundational
digital skills such as information literacy, communication, and
problem-solving in a digital environment.

After the Soviet education in 1991, the Azerbaijani edu-
cation system started its national education reform. In the
comparative analysis of the years 2006-2022, the percentage of
school attendance in Azerbaijan increased by 22%, in Armenia
by 18%, in Georgia by 36%, and in Russia by 10% [6]. During
those years, the percentage of students enrolled in higher edu-
cation from general education institutions increased by 112%
[6]. However, every 1% of the admitted students drop out of the
higher education institution [6]. Higher education in Azerbaijan
has had to adapt to global trends and changes in higher education
institutions in addition to local and national obstacles. Academic
systems have been dealing with very distinct issues, such as
intense competition and social pressure, in both wealthy and
developing nations. Therefore, striking a suitable balance be-
tween societal expectations, governmental regulation, and uni-
versity autonomy was the primary goal of public policy [7].

The main question is how we can increase our quality
indicators by keeping our quantitative indicators like this. Era of
Education in the world's newest practices. We should carry out
reforms in our education based on Informatization 2.0 and the
European Union's Digital Education Action Plan [5]. The indus-
trial revolutions, spanning from Industry 1.0 to Industry 5.0,
have evolved from mechanized production to mass production,
digitalization, and a human-centric approach. Industry 5.0 focu-
ses on a symbiotic relationship between humans and machines,
promoting collaboration and co-creation for greater produc-
tivity, quality, and flexibility [5].

The COVID-19 pandemic has accelerated the trend towards
online and hybrid learning, revealing innovative ways for stu-
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dents and educators to interact online. However, the uptake of
digital technologies has revealed challenges and inequalities
between those with access and those without, including those
from disadvantaged backgrounds. These challenges relate to
digital capacities of education and training institutions, teacher
training, and overall digital skills and competences. The EU
needs to support these systems to develop a long-term vision for
European digital education [8].

Smart Education key features

Smart education has 4 main branches: [1]

1. Smart environment refers to creating a physical and
digital learning space that fosters engagement and supports
personalized learning. Smart environment utilizes intelligent
information, interactive boards, SLE, devices, LMS, apps, data
centers, dashboards, and communication for smart collaboration
among students, teachers, parents, administrators, and staff,
enhancing educational processes and promoting innovative
strategies.

2. Smart Learning Analytics involves collecting and
analyzing data about student learning to personalize instruction
and identify areas where students need help. Learning analytics
(LA) and educational data mining seek to improve learning
outcomes by supporting stakeholders in making decisions. One
approach that shows promise for comprehending learner
behavior is interaction analysis. To maximize learning and
surroundings, SLA entails gathering, evaluating, and reporting
data about students and their circumstances.

3. Smart Education Model refers to a framework for
designing and delivering instruction that leverages technology
to personalize learning. A smart education solution is a
technology-driven strategy that improves teaching, learning, and
administration by utilizing smart devices, e-resources, and
technology. In addition to enabling connection between home
and postsecondary educational institutions, it has an education
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cloud platform that uses sensors to monitor classroom settings,
including temperature, humidity, heart rate, and picture.

4. DL in Education involves using artificial neural
networks, a type of Al loosely inspired by the human brain, to
personalize learning and create intelligent tutoring systems.
Academic analytics provides teachers, students, and educators
with information about academic behavior using statistical
analysis, predictive modeling, and data from educational
institutions. It can track learning, recommend changes, and
optimize content modules. Through the improvement of
thinking, memory, and cognitive skills, DL techniques help kids
succeed academically and create a happy learning environment.

The question is whether the proposed learning model will
be able to create artificial intelligence that can change the
behavior of student teachers and other educational represen-
tatives. Currently, the priority approach is Deep Learning to
Smart education. The DL model collects all information related
to education under one cloud and passes it through its layers, and
the resulting information will allow to manage issues such as the
quality of education of students, the training needs of teachers,
the management of library resources, and the management of the
quality of lessons. It will be up to us how to organize the
controllable processes behind deep learning, but we cannot
interfere with the processes going on in the closed layers like a
black box. The proposed deep learning model consists of input,
hidden, and output layers, as shown in Fig 4. [1]
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Fig 4. Proposed Deep learning to Smart Education

The approach may be used to a range of educational tasks,
including social network filtering, speech recognition, language
translation, automatic academic processing, picture analysis,
material inspection, and game development. Instructional mes-
sages and DL algorithms for training are part of the input layer.
Data is gathered from a variety of sources, including libraries,
sensor data, and more. The information is processed by a tool
engine, kept in a concealed layer, and kept in a storage system.
For decision-making applications, the output is shown on a
graphical user interface (GUI) or dashboard [1].

Fig 4. depicts an architecture that processes input from
various fields of learning as a biological brain structure [10].
Neural networks manage the acquired data of individual
learners/learners from different aspects and provide the relevant
information for decision making. For example, the student's
grades, exam results, percentage of participation in classes, the
knowledge the teacher imparts in those classes, the textbooks
used, the student's feedback about that lesson and the teacher
will help the student make the right decision about himself ahead
of time [9]. However, teachers can improve themselves by
knowing what is missing from the feedbacks from the lessons.
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These examples can be extended a lot, but we can see what
effects deep learning can have in education.

To improve academic behavior, academic analytics makes
use of statistical analysis, predictive modeling, and data from
educational institutions. Through the development of learning
analytics systems, content module optimization, and innovative
test formats, data-driven learning (DL) approaches enhance
understanding of data, learning, and behavioral patterns.
Additionally, DL gives teachers personalized lesson plans that
include ongoing feedback and observations from students. They
facilitate the examination of the gaps in teaching and learning
and prepare the educational system to handle feedback from
instructors and students, providing specialized instruction for
various student populations.

4. Results

Difficulties with the DL Model in Education

Modern technology allows for better educational systems,
but obstacles include adapting to different cultures, languages,
and individual requirements, forecasting dropouts, enhancing
teacher training, and adopting individualized education [11].

- Data Availability: Access to comprehensive educational
data poses a significant challenge for institutions in
Azerbaijan.

- Infrastructure Costs: For smaller educational institutions
in Azerbaijan, the expenses related to setting up
infrastructure can be a considerable burden.

- Variety of Data Forms: Educational data in Azerbaijan
may be collected in various formats by different systems,
necessitating efficient storage and processing solutions.

- Instant Data Generation: Sensors in Azerbaijan's
educational environments may generate data in real-time,
requiring adequate storage and processing capabilities.
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- Data Storage Challenges: The volume of data generated
by educational activities in Azerbaijan can be substantial,
posing challenges for storage and management.

- Heterogeneous Data: A robust system in Azerbaijan
should be capable of handling diverse data types
effectively.

- Data Mining Requirements: Developing effective
models for classification and prediction in Azerbaijan's
education sector requires careful mining of relevant data.

- Network Latencies: Connectivity issues and network
delays may arise during data transactions and
communications in Azerbaijan's educational networks,
particularly when dealing with large datasets.

- Privacy Concerns: Students in Azerbaijan may have
concerns about privacy and may prefer not to have their
activities monitored.

- Security Considerations: When managing educational
big data in Azerbaijan, ensuring robust security measures
is crucial to safeguard sensitive information and maintain
trust in the system.

5. Conclusion

With the ease and security of access to educational material
nowadays, administrators and teachers can deliver high-quality
instruction. Deep learning and other technologies are essential
to the sustainability of higher education. With the ability to
forecast outcomes with precision, sensitivity, and specificity,
these algorithms build intelligent learning environments.
Teachers and parents can react properly with the aid of
predictive analytics. The architecture that has been given may
make it easier to create use cases for smart learning
environments that support students and help them with their
weaker topics. It could be difficult to argue for deep learning's
hidden logic in transparent domains, nevertheless.
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Iqtisadiyyatda siimi intellektin rolu
Giilnar Qadirova
Baki Turizm Pesa Maktabi
gulnar93baku@gmail.com

Annotasiya. Siini intellekt son illordo  kompiiter
texnologiyalarinda bas veran inkisaflarla birlikds fordi va sosial
hayatimizda milli va beynalxalq miqyasda dayisiklik vo
transformasiyaya sabab olan miihiim texnoloji yenilikdir.

Introduction

Acrtificial intelligence, together with the developments in
computer technology in recent years, is an important techno-
logical innovation that has caused change and transformation in
our personal and social lives on a national and international
scale.

Acrtificial intelligence is expected to change the landscape
of global industries and economy in the coming years by
increasing efficiency and changing business requirements. Arti-
ficial intelligence has begun to occupy an even more important
place in the economy. Research conducted by Pricewaterhouse
Coopers shows that the importance of Artificial Intelligence in
the world economy will increase by 2030. Accordingly, Al will
increase global GDP by about 14 percent. In other words, he
claims an increase of about US$15.7 trillion will be achieved.
Another study launched by Accenture in 2016 and covering 12
developed economies estimates that Al could double annual
global economic growth rates by 2035.
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Stini intellektin galacok illorde somaraliliyi artiraraq vo biz-
nes taloblorini doyisdirarak global sanayelarin vo iqtisa-diyyatin
manzarasini doyisdiracoyi gozlenilir. Siini intellekt iqtisadiy-
yatda daha da ohomiyyatli yer tutmaga baslayib. Pricewater-
house Coopers torofindon aparilan arasdirmalar gostorir ki,
2030-cu ilo qgodor diinya iqtisadiyyatinda Siini intellektin
ohomiyyoati artacaq. Miivafiq olaragq, Siini Intellekt global UDM-
1 toxminon 14 faiz artiracaq. Basqa s6zlo, o, toxminon 15,7
trilyon ABS dollar1 artim slds edilocoyini iddia edir. Accenture
torofindon 2016-c1 ildo basladilan vo 12 inkisaf etmis iqtisa-
diyyat1 ohato edon basqa bir arasdirma Siini Intellektin 2035-ci
ilo gader illik qlobal iqtisadi artim templorini iki dofs artira
bilacayini toxmin edir.

Stini intellektdon an boyiik iqtisadi qazanc Cin (2030-cu ilo
godor UDM-do 26 faiz artim) vo Simali Amerikada (14,5 faiz
artim) olacaq, imumilikdos 10,7 trilyon ABS dollarina barabardir
vo global igtisadiyyatin demok olar ki, 70 faizini toskil edocok.
tosir. Is diinyasindan bir ¢ox insan galocokda ugurlu olmagq iigiin
Siini Intellekto osaslanan texnologiyalardan istifadenin vacib
sort olacagin bildirir. Siini intellektin istifadasi ilo roqabat apa-
rdiglart sirkotlor garsisinda tstiinliik aldo edoacoklori do gliman
edilir. Miiassisolorinds siini intellektdon israrla istifads etmoya
davam edon menecerlari olan sirkotlor mohsuldarligi artirmaqla
monfooti maksimuma catdirirlar. Bu noticolor siini intellekt
texnologiyasinin ohomiyyatinin is diinyasi torafindon dork edil-
diyinin gostoricisi kimi qobul edilo bilor. Istehsalda insan
omoyini azaldan vo ucuz is¢i qiivvasi ilo roqabat aparan “Sonaye
4.0” adlanan muassisalarda, sensorlar va internet vasitasila fiziki
diinya ilo virtual miihiti birlogdiran kiber-fiziki sistemlordo Siini
Intellekt texnologiyasi miihiim rol oynayir. Bu sistemlordo
tadariik zoncirindon istehsala, hotta istehsaldan sonraki mor-
halodon miistorinin son istehlak morhalasina qodar olan proses-
lori anbaan izlomok miimkiindiir.
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Siini Intellekt totbiqlori xarici ticarat sahasindo do bir ¢ox
rahatliglar tomin edir. Siini intellekt totbiglori moahsul istehsa-
lindan gémriik proseslarina qador olan marhalslords ohamiyyatli
faydalar tomin edir. Xorclori azaltmaqla vo vaxt itkisini mini-
muma endirmakls, fayda goriindiiyiindon daha ¢ox ola bilar.

Elektron ticarat sahasi Siini Intellekt texnologiyasinin genis
sokilda istifado edildiyi sahalordon biridir. Burada miistorilorine
daha yaxs1 tocriibo toklif edon miisssisalor, siini intellektdon
istifado edorak 6z internet saytlarinda yaradici hallor istehsal edo
bilirlar. Siini intellektlo dostoklonan sanaye istehsali, logistika va
tochizat zoncirlori miiassisalorin beynoslxalq miqyasda daha
roqabatqabiliyystli olmasini tomin edir vo belsliklo, sirkotlor 6z
ixracatini artirmaq imkani alds edirlor.

Stini intellektlo iqtisadiyyat arasinda basqa bir olage
maliyya sahasindadir. Lakin bu texnologiyalar vasitosilo maliy-
yo xidmatlorinin hayata kegirilmasinin asanlasacagi gozlonilir.
Texnologiyanin inkisafi ilo paralel olaraq maliyys xidmatlorinin
ononavi strukturu da doyismigdir. ©vvala, amoliyyat xarclori
azalarkon, omoliyyat mohdudiyyotlori do aradan qalxdi vo
maliyys amoliyyatlar1 24/7 miimkiin oldu. Bundan slava, bitcoin
vo blockchain kimi yeni anlayislar ortaya cixdi. Istifadogilor
liciin tatbiqlorin inkisafi ilo yanasi, digor diqgatslayiq inkisaf da
maliyys texnologiyalarini inkisaf etdiron sirkotlorin saymin vo
golirlorinin  ohomiyyatli dorocodo artmasidir. Bu sirkotlorin
imumi cohoti odur ki, onlarm hamisi 2010-cu ildon sonra
yaradilib vo ¢ox qisa miiddotdo yliksok artim vo golir oldo
ediblor. Diinya Iqtisadi Forumunun missiyast sirkotlora tonozziil
soraitindo daha ¢evik olmaga vo texnologiyadan istifado etmaklo
rogomsal imkanlara malik biznes modellarini inkisaf etdirmoyo
komok etmokdir. O, hamginin sirkotlori miiasir ¢agirislara daha
yaxsl cavab vermok vo comiyyaotin rogomsal transformasiya
sahasindo dorin tocriibasindon faydalanmagq {i¢iin tochiz etmok
maqsadi dasiyir.
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Forumun mogsadi siini intellekt vo masin 0yronmosinin
tistiinliiklorini inkisaf etdirmokdir. O, siini intellekt vo masin
Oyronmosinin faydalarii artiran siyasatlori birgs hazirlamagq,
simnaqdan kecirmok vo hoyata kegirmok ligiin dovlet va 6zal
sektorlar1 bir araya gotiracak layihalorin hazirlanmasi {izorinds
islayir. Qlobal iqtisadiyyatin osas institutlar1 siini intellekto
golocayin vacib elementi kimi baxirlar. Bu sobabdon do siini
intellektin tstlinliiklorini vurgulayir vo ¢atigsmazliglarini aradan
qaldirmaq ti¢iin tovsiyalar verirlor. Bu qurumlarin siini intellekts
maraq goOstormasi do onu gostorir ki, galocokdo siini intellekt
totbiglori laboratoriya arasdirmalarindan konara ¢ixacaq vo giin-
dalik hayata daha ¢ox calb olunacaq. Siini intellektin faydalar
goriindiikco, yerli vo global igtisadiyyatin oyungulari torafindon
daha ¢ox istifado olunur. Artan somarslilik vo mohsuldarliq glo-
bal igtisadiyyatin miioyyan sektorlarinda eksponensial artima
imkan verdiyi ii¢iin siini intellekt vo masin 6yronmaosi daha ¢ox
fordlor, miiassisalor va hokumatlor tarafindon monimsanilir. Bu-
nunla bels, siini intellekt vo masin 6yronmasindan faydalanan vo
onlardan istifado etmoyon sektorlar vo miiossisolor arasinda
somaralilik vo mohsuldarliq forqi do eksponent olaraq artir.
Oksor inkisaf etmis iqtisa-diyyatlar 2017 vo 2018-ci illords 6z
stini intellekt tagabbiislorini agiqlasa da, digar 6lkalor bu mévzu
haqqinda yenico diislinmoys baslayir. Bu doyisiklik inkisaf
etmokdo olan Olkslorin inkisaf etmis Olkolori tutmaq sansini
azaldir (Vaqgner, 2018). Masalon, siini intellektin iqtisadi artima
potensial tasiri ilo bagli aparilan hesablamada molum olub ki, o,
ABS vo Finlandiya iqtisadiyyatinin illik artim tempini 2%,
Yaponiya iqtisadiyyatin1 1,9%, Almaniya iqtisadiyyatin1 artira
bilor. 2035-ci ils gadar 1,6% band. Tadqiq olunan 12 &lks ii¢lin
stini intellektin omok mohsuldarligi gostoricilorini 11% - 37%
artiracagl da molum olub. Siini intellekt inqilabinin qlobal niza-
ma tosirlori yenico tosovviir olunmaga baslasa da, giiclin, resurs-
larin vo texnologiyanin daha da comlosdiyi golocayi tasavviir
etmak cotin deyil (Vaqgner, 2018). Miixtalif sonayelor torofindon
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stini intellekt texnologiyalarinin rogomsallagdirilmasi vo gobulu
informasiya texnologiyalar1 sonayesinds bir ¢ox asas problem-
lorin hoalli vo optimallagdirilmasi iigiin yeni inkisaflara sobob
olmusgdur. Biitlin texnologiya tatbiqlori arasinda siini intellekt
demok olar ki, har bir sonaye, xiisusilo do informasiya texnolo-
giyalar t¢ilin inkisafin morkozindadir. Qloballasma fenomeni
tarixin hor dovriinds kecgorli olan bir anlayisdir. Qloballagsmani
tarixdon avvalki dovrlordon miiasir dovrlere qader dovrlors ayira
bilorik. ©dabiyyatda globallagma ilo bagli bir cox tosnifat olsa
da, onlarin hamisinin bazi imumi cahatlori var.

Bu iimumi moaqamlardan biri iqtisadiyyat, digari isa inno-
vasiyadir. Tarixon qloballagsma naticesindo 6lkelorin iqtisadi
qazanc oldo etdiklorini gérmok olar. Bu prosesds 6lkolorin
qazanclarini artiran amil kimi innovasiyalar 6n plana ¢ixib.
Oxsar proseslor yeni global iqtisadiyyatda foaliyyat gostorir ki,
bu da texnoloji yenilik kimi mikrogiplorin inkisafi ilo
olagalondirila bilor. Bu prosesds texnoloji yeniliklors malik
Olkalorin digor 6lkalors iqtisadi forq qoydugu miisahido edilir.
Bu giin siini intellektin neqativ tosirlori vo onun tohfolori ilo
bagli arasdirmalar aparilir. Xiisusilo global igtisadiyyati forma-
lagdiran togkilatlar bu neqativlori minimuma endirmok va siini
intellektin golocok kursunu miioyyon etmok {igiin calisirlar.
Golocokdo siini intellektin daha intensiv istifado edilocoyi
gozlonilir. Enerjidon saglamliga qodar har sahads siini intellekt
sormayalori avvalki ilo nisbaton har il artan templo davam edir.
Stini intellektdon istifadonin artmasi siini intellekt texnolo-
giyasini inkisaf etdiron sirkatlorin golirlorini artirir vo bu
texnologiyalardan istifado edon sirkotlorin do golirlorini artirir.
Yeni qglobal iqtisadiyyatda beynolxalq birliyin strukturu ¢ox
doyisir.

Qloballasma bu giin miihiim giico ¢evrilib. Ikinci Diinya
Miiharibasindon sonra ddvlotlor beynolxalq miinasibatlori ton-
zimloyarkon, bu giin beynslxalq miinasibatlora vo iqtisadiyyata
tosir edon yeni aktorlar meydana ¢ixmisdir.
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Transmilli sirkstlorin qazanci 6lkolorin milli golirlorini
istoloyib. Bunun meydana golmasinds texnoloji inkisafin boyiik
pay1 var.
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Annotation. This paper focuses on the issue of monitoring
the health status of smart home residents, such as the elderly and
the ill, particularly those who require increased attention due to
their age and existing medical conditions. This necessitates
innovative solutions in new-generation homes. In this context,
the application of innovative technologies, such as the Internet
of Things (loT), big data, cloud computing, and artificial
intelligence, can play a significant role in enhancing the quality
of life and independence of elderly individuals. These
technologies enable more accurate health monitoring, early
disease detection, and remote care for the elderly at home, as
well as the identification of abnormal situations and timely
assistance, thereby reducing the need for hospitalization and
improving overall well-being. A key feature of this approach is
the use of "smart home" technology, which extensively employs
innovative technologies, including 10T, for real-time monitoring
and alerting residents to any abnormal events or vital signs. This
paper proposes the development and implementation of an
intelligent system based on artificial intelligence using loT
technology to monitor the health status of residents and make
decisions based on collected data. This system continuously
monitors the environment, collects health status information,
makes necessary decisions, and informs all relevant parties
other residents, caregivers, family members, doctors, and
hospitals of any anomalies detected by the artificial intelligence.
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This approach ensures timely medical assistance, thereby
improving the overall well-being of the residents.

Keywords — health monitoring, intelligent system, 10T,
sensors, smart home

Intoduction. The increasing impact of non-communicable
diseases, including heart disease, diabetes and chronic obstruc-
tive pulmonary disease, combined with aging populations, has
created significant strain on healthcare systems worldwide. As a
result, extensive research and testing of home-based alternative
care approaches are being conducted to prevent unnecessary
emergency interventions — measures that significantly contribute
to the costs associated with managing chronically ill patients.
These efforts aim to alleviate hospital burdens and improve
patient outcomes by providing medical care in familiar environ-
ments while minimizing resource-intensive hospitalizations [1].

Remote patient monitoring (RPM) represents a
groundbreaking advancement in telehealth, offering significant
potential to enhance healthcare delivery. By harnessing
technology, RPM allows for the remote tracking of patients’
physiological and behavioral metrics, spanning heart rate to
medication adherence. This innovation not only enables timely
interventions but also shows promise in reducing hospita-
lizations and associated healthcare costs. By empowering indi-
viduals to autonomously manage chronic conditions within their
communities, RPM promotes a proactive healthcare approach.
Regular monitoring and timely alerts enable healthcare provi-
ders to swiftly intervene when deviations from predetermined
health thresholds occur, thereby mitigating disease progression
and preventing costly medical crises. Beyond managing chronic
illnesses, this transformative tool benefits diverse demographics,
including the elderly, neonates, and postoperative patients, who
can gain from continuous monitoring [1].
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Vital signs for monitoring the residents. There are several
parameters which can provide information about human's health
conditions. We can consider them as vital signs for monitoring
residents in smart home.

Monitoring and managing patients' health at home relies
heavily on measuring vital signs, including body temperature,
heart rate, blood pressure, respiratory rate, oxygen saturation,
and blood glucose. These parameters offer crucial insights into
the body's essential functions, and deviations can indicate illness
or worsening conditions [2]

Private spaces, like homes or personal vehicles, are more
than just living areas. They serve as crucial environments for
daily activities and, for individuals with chronic conditions or
those recovering post-surgery, they transform into spaces for
rehabilitation and potential future medical care. Implementing
health monitoring in these private spaces could significantly aid
those needing support, including the elderly, patients, and
disabled individuals. This approach could revolutionize personal
healthcare, making it more accessible and efficient [3].

For discreet health data collection at home, a variety of
sensors are utilized. Behavior monitoring employs PIR motion,
contact, pressure, and electrical current sensors. Physiological
parameters are captured unobtrusively through bed sensor
systems and dry or capacitive electrodes, with heart rate and
ECG among the readings. Force-based sensors can also derive
parameters like heart rate or blood pressure from BCG. For envi-
ronmental monitoring, gas sensors, humidity sensors, thermo-
meters, and microphones are subtly deployed [3].

The Internet of Things (IoT) enables real-time patient
monitoring through biomedical sensors and microcontrollers.
Health monitoring system measures physiological parameters
like heart rate and body temperature, updating the data to the IoT
platform ThingSpeak. The review and implementation
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demonstrate loT's potential in continuously tracking patient
health [4].

Remote patient health monitoring system focuses on
developing an loT-based system to monitor vital signs, using
heartbeat and infrared temperature sensors connected to Arduino
UNO and NodeMCU. Data collected by the sensors is
transmitted via Wi-Fi to an loT platform, displaying real-time
health information accessible to doctors and nurses. The system
sends emergency alerts to healthcare providers, ensuring timely
medical intervention [5].

Proposed system. It is proposed to create a monitoring
system for the residents' condition in a smart home, which
continuously monitors their state and behavior using sensors -
smart technologies (1oT) (Fig. 1). Data collected by the sensors
(e.g., smartwatches) is sent to the cloud, where it will be stored
for further analysis or processing. For this, the sensors of smart
devices (smartwatches, etc.) are connected to an Arduino device
via wireless Bluetooth communication. This data can be
accessed by users (relatives of the patients, doctors, etc.), who
need to connect to cloud services that allow displaying the
information on mobile phones, computers, and/or tablets.

Additionally, it is proposed to develop a Decision-Making
Center (DMC), which receives the same data sent to the cloud.
By analyzing the received data, the Al-equipped DMC monitors
the residents' health condition and makes corresponding
conclusions based on the data obtained. In emergency situations
or upon detecting anomalies, the DMC decides whether to send
information about the residents' health condition to caregivers,
other family members, doctors, or relevant authorities.
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Fig. 1. Architecture of the Health Monitoring System for
Residents of a Smart Home

The figure shows that the collected data is transmitted to
the cloud via the ESP8266 Wi-Fi module, which in turn receives
it from the Arduino. The data will be displayed using mobile
applications.

Conclusion. The proposed health monitoring system for
residents using smart technologies enables continuous moni-
toring of the environment, collection of health status infor-
mation, and necessary decision-making. It informs all relevant
parties — other residents, caregivers, family members, doctors,
and hospitals — about anomalies detected by artificial intelli-
gence. This system helps ensure the timely provision of neces-
sary medical assistance, thereby improving the overall well-
being of the residents.
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Agilh evda sakinlar iiciin saglamhgin intellektli
monitoring sistemi
Vagif A. Gasimov, Sonay N. Rezai Vahid

Xiilasa. Bu isin mogsadi agilli evdo yasayan sakinlorin,
xiisuson yagli insanlarin va xastalorin vaziyyatinin monitoringi
problemini arasdirmaqdir, ¢iinki onlar yaslar1 vo mdvcud
xastoliklori sababindon daha ¢ox diqqoto ehtiyac duyurlar. Bu,
yeni tipli evlordo innovativ hollor tolob edir. Bu monada,
Ogyalarm  Interneti  (IoT), bdyilk molumatlar, bulud
hesablamalari, siini intellekt vo s.  Kkimi innovativ
texnologiyalarin totbiqi yasli insanlarin hayat keyfiyyatini va
miistoqilliyini artirmaqda miihiim rol oynaya bilor. Bu
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texnologiyalarin komayi ilo saglamliq vaziyyatinin daha dogiq
monitoringi, Xastoaliklorin erkon askar edilmasi vo evds yaslh
insanlarin uzaqdan qaygist tomin edilo bilor, ham¢inin anormal
vaziyyatlor agkar edilorok vaxtinda komok gostarilo bilar ki, bu
da hospitalizasiya ehtiyacim1  azaldaraq {mumi rifahi
yaxsilagdirir. Bu yanagmanin asas xiisusiyyatlarindon biri "agill
ev" texnologiyasin istifadosidir, burada IoT texnologiyalari
genis sokilds totbig olunur vo sakinlari real vaxt rejiminds har
hans1 anormal hadisalar vo ya hayat gostaricilari barada xoabordar
edir. Burada sakinlorin saglamliq vaziyyatini monitoring etmok
va toplanan moalumatlara asasan gorar gobul etmok tigiin IoT
texnologiyasi ils siini intellekto asaslanan intellektual sistemin
yaradilmasi va totbiqi toklif olunur. Bu sistem miihitin daimi
monitoringini tomin etmoaya, sakinlorin saglamliq voziyyati
hagqqinda molumat toplamaga, lazimi qorarlar gobul etmays va
biitiin maraql taraflari - digar sakinlori, qaygi gostaran soxslori,
ailo uzvlarini, hokimlori vo xostoxanalar1 siini intellekt
torafindon askar edilon anomaliyalar barado molumatlandirmaga
komok edorok onlarin vaxtinda lazimi tibbi yardimi almasini
tomin edir vo imumi rifahini yaxsilasdirir.

Acar sozlor — saglamlig monitoringi, agilli sistem, IoT,
sensorlar, agilli ev
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Xiilasa: Moaqgalo hava naqliyyati ilo yiiklorin dasinmast
zamamni yaranan xarclorin hesablanmasint sadalasdirmoak iigiin
nazarda tutulmus qabaqcil mobil program tatbiqi tagdim edir.
Miiasir texnologiyalardan va dayari odonilon ¢akinin oncadan
hesablanmasi1 metodologiyalarindan irali galarak, bu mobil
program istifadagilora hava naqliyyati vasitasi ila yiikdasimalar
zamani xorclori asanligla miiayyan etmaya imkan verir.
Program tominatimin istifadagi interfeysi va xiisusiyyatlori
miistarilor iigtin rahat va daqiq hesablamalar tagdim edorak,
hava dasimalarimin logistikast prosesinda saffafligt va sama-
raliliyi artirtr. Bu yenilik hava dasimalarinin dinamik manza-
rasinda daqiq va real vaxtda xarclorin giymatlondirilmasi tigiin
praktik hall toklif edorak, bu sahada ahamiyyatli iraliloyisi tomsil
edir.

Acar sozlar: logistika, yiik, aviatariflor, stabel olunmayan
yiiklor, iimumi yiiklar, dayari odanilacak ¢aki, hacm ¢akisi, hava
gamisi, mobil program taminati, siini intellekt

Yiiklorin hava noqgliyyat1 ilo dasinmasi zamani1 yaranan
xarclorin tohlilini apardigimiz zaman “Doyoari 6donilon ¢oki”
anlayis1 ilo rastlasiriq. Dayari 6donilon ¢oki nadir vo neco hesab-
lanir suallarma Beynslxalq Hava Nogliyyati Assosia-siyasinin
(IATA) yiik aviadagimalari tiglin The Air Cargo Tariff (TACT)
adli rosmi aviayiik tariflori sorgu kitabindan cavab tapa bilorik
[2]. Homginin kitabda, yiiklorin gobulu, daginmasi vo toh-vil
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verilmasi ilo bagli hiiquqi va toskilati problemlorin halli gay-
dalar1 gostorilir. Lakin, bir ¢ox istehlakgilar va sifaris¢ilor bazon
hava naqliyyatinda rastlagdigi stabel olunmayan yiiklorin dayari
Odanilan ¢okisi neco hesablanir sualina cavab tapmaqda ¢atinlik
cokirlar [3].

Yuxarida qeyd olunan sualin holli 6ncoki tadqiqatlarda
aragdirtlmig, miivafiq blok sxemlor vo diisturlar verilmisdir [1].

Miisssisolor vo hava noqliyyati vasitasi ilo yiikdasimalari
yering yetiron sifaris¢ilor doyori 6donilon ¢okinin hesablan-
masinda ¢otinliklorlo qarsilasirlar. Bu hesablamalarin asanlas-
dirilmasi {i¢iin miivafiq qaydalar vo todqiqatlar mévcuddur. Son
giinlords siini intellekt vo proqramlagdirmanin siirotlo inkisaf
etdiyini, eloco do bir ¢ox saholoro inteqrasiyasinin genis-
londiyinin sahidi oluruq. Bunun baslica sobabi, miiossalorin 6z
mistoriloring yliksok xidmat gostoro bilmo arzusu vo miistori ba-
zasii genislondirmokdir. Belaco, artiq bir ¢ox toskilatlar, miios-
sisalar fordi vo korporativ program tominatindan istifads edirlor.

Siini intellekt nadir va onun funksiyalari?

Siini intellekt (SI; ing. artificial intelligence, abr. Al) —
insanlarin intellektindon forqli olaraq masin vo ya proqram
tominatinin intellekti. Siini zoka intellektual masin yaratmagi,
xiisuson yalniz insanlara moxsul oldugu diisiiniilon yaradici
foaliyyatlo moasgul ola bilon intellektual proqram yaratmagi
0ziino magsad gotiirmiis elm vo texnologiyadir. Bu elm hom da
insan zokasinin aragdirilmasi kimi do basa diisiiliir. Siini zoka bir
elm kimi praktik vo nazori hissolordon ibaratdir. Praktik cohat-
don "Siini zoka" problemi bir torofdon informatikaya vo hesab-
lama riyaziyyatina, digor torofdon iso neyrofiziologiyaya vo
psixologiyaya aid edilir. Miixtalif ¢cotin hesablamalarda vo digor
tapsiriglarin hoyata kegirilmosinds siini zokanin rolu bdyiikdiir
[4].

Biitiin bunlar1 nozoro alaraq, siini intellektin komoyi ilo
oncoki todgiqatda verilonlor osasinda proqram tominatini yara-
darag, stabel olunmayan yiiklorin dasinmasi zaman sifaris¢ilora
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daha yiiksok xidmat vo hesablamalarin aparilmasi ii¢lin proqram
tominatinin yaradilmasi magsado uygundur.

Beynolxalq tocriibado aviadastyict stabel olunmayan vo ya
iriqabaritli yiiklorin hacm ¢okisini onun 6z dl¢iilorinden daha
boylik olan yiik vahidinin (Unit load device(ULD) konturlari
(gabarit olgiilori) asasinda hesablayir [2].

Maqaloado verilonlora asason aviagirkotin miistori xidmati
yiikiin doyari 6donilocak ¢okisini hesablayarkon, diisturdak: (1)
yiikiin 6z hiindiirlilylinii (H) yiik vahidinin (ULDH) hiindiirliiyti
ilo ovoz edir .

6000

Volume Weight(VolW) = (1)
L XWXULD H

Volume Weight(ULDVolW) = 000 (2)

Burada L- uzunlug (sm),W- eni (sm) , ULD H — yiik
vahidinin hiindiirliylidiir (sm). Q7 vo Q6 konturlarinin hiindiir-
likklaring osaslanaraq hiindiirliik 240 sm vo 300 sm gotiriliir [1].

L XWXxXH

= cargoTypeRadioGroup.getCheckedRadioBut

(selectedRadioButtonId == stackCargoRadioButton.getId()) {
volumeWeight = (length * width * height) /
(selectedRadioButtonId == nonStackCGRadioButton.getId())
= (length * width * ) /
= (length * width * ) /
resultTextView.setText( + volumeWeightl +

{

resultTextView.setText(

= volumeWeight;
= chw /

resultTextView.setText(

Sakil 1. Stabel olunmayan yiiklarin hava nagliyyatinda
dasinmasi tariflorinin formalasdirilmast iisulunun Java
program dilinda stini intellekt torafindan verilon kodlar.

-89 -



pd
ARTIFICIAL INTELLIGENCE TECNOLOGIES AT & AP e
AND AEROSPACE ProBLEMS-2024

W AND AEROSPACE PROBLEMS

Siini intelektin Java program dilinds verdiyi kodlar1 (Sakil
1) Android Studio proqram taminatina daxil edirik.

Sakil 2 . Android Studio program tominatinda verilonlorin daxil
edilmasi.

Verilonlori daxil etdikdon sonra (Sokil 2) artiq Android
sistemli mobil cihazlarda Stabel olunmayan yiiklorin doyori 6do-
nilon ¢okisinin hesablanmasi {i¢iin program tominatini yaratmis
oluruqg. Bu proqram tominati vasitasi ilo artiq sifariscilor yiik-
lorin Olgiilorini, onun stabel olan-olmayan yiik oldugu molu-
matini qeyd edorok doyari 6donilon ¢okisini 6ncodon hesablaya
bilor.

Miiasir texnologiyalardan istifado edorok hava noqliy-
yatindan istifado edon miistorilorin yiiklorin dasinmasinda
yaranan xorclorin hesablanmasi metodlar1 osasinda mobil
program tominati (Sokil 3) yaradilmisdir. Bu mobil program
tominat1 vasitosi ilo doyori Odonilon ¢okinin vo homginin
sifariscilor li¢iin yiiklorin hava noqliyyati vasitosi ilo daginmast
zamani yaranan xorclorin hesablanmasi asanlagdirilmigdir.
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® MansTACK G

524

Sakil 3 . Yiiklarin olgiilorini daxil edarak mobil program
tominatinda dayari 6danilan ¢akinin hesablanmasi
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Development and application of software based on an
algorithm for calculating the value of non-stackable cargo
in air transport with the help of artificial intelligence

Ismayilov V.F.

Abstract. This article introduces a cutting-edge mobile
software solution designed to streamline the calculation of
expenses associated with shipping goods via air transport.
Leveraging modern technologies and advanced cost calculation
methodologies, this mobile application enables users to
effortlessly determine the chargeable weight and associated
expenses incurred by clients during air cargo transportation.
The software's user-friendly interface and robust features
provide a convenient and accurate tool for businesses and
clients alike, enhancing transparency and efficiency in the air
freight logistics process. This innovation represents a significant
advancement in the field, offering a practical solution for
precise and real-time cost assessment in the dynamic landscape
of air transportation.

Keywords: logistics, cargo, airfreight rates, non-stackable
cargo, general cargo, chargeable weight, volume weight,
aircraft, mobile software, Al
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Partlayic1 maddslarin ultrhassas
askarlanmasi istiqgamatinda optik siini
iybilma sisteminin formalasmasi
Saido Ohmadova, Kamal Osgarov
Milli Aviasiya Akademiyast

Annotasiya. Oldagayirma partlayicilar terror
hiicumlarinda tez-tez istifada olunur. 9ldagaywma partlayicilar
asasan bark cisimlor kimi mévcud olmasi sababindan sensor-
larin bark vaziyyatdon malumat alda etmoak iiciin uygunlas-
masina talobat var. Kimyavi sensorlar adaton analitlorin kimyavi
xassalori asasinda hazirlanmis zondlardan ibaratdir va hadaf
maddanin vaziyyatindan tasirlonmayan xtisusi kimyavi qarsiliqli
tasirlor vasitasila signallar yaradir. Intuisiyaistik (insan gozii il
taminir), portativ (boyiik migyash analitik avadanhqdan asili
olmayaraq), yiiksak spesifik, hassas va atraf miihito miidaxilasiz
xtisusiyyatlori il taminan kolorimetriya va fliioresan, materia-
llarin tahlili va atraf miihitin miihafizasinds genis yayilmig optik
kimyavi askarlama tisullaridir. Buna asaslanaraq, tabii qoxu
sisteminin is prinsipini taqlid edon va optik tisullarla algilama
signali alda edan optik siini qoxu sisteminin tadqiqi aldagayirma
partlayicilarin - askarlanmast iiciin  perspektivli vasito kimi
ortaya ¢ixdir. Burada optik siini iybilma sisteminin asas ig prin-
Sipi va zaruri komponentlari, o ciimladan zond molekulu, massiv
torkibi, niimunonin taminmasi va cihazin qurulmasi tovsiya
olunur. Partlayicilarin molekulyar taninmasi, generasiya va
optik signallarin alinmasi metodologiyasindan istifado edon
potensial inkisaf istigamati do perspektivlidir.
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1990-c1 illordon bari terror hiicumlari biitiin diinyada stiratlo
yayild1 vo partlayis hiicumu adi bir formaya ¢evrildi. Partlayici
madds ¢ox qisa miiddotdo siddatli sokildo partlaya bilor vo yiik-
sok temperatur yayilmasi ilo miisayist olunan ¢oxlu istilik ener-
Jis1 buraxa bilar. Brizant partlayic1 maddslor miilki aviasiya on
cox genis yayilmis novidiir. Bu nitro partlayicilar elektronla
zangin strukturlara malikdir vo adaton atmosferds ugucu olur.

Tohdidlori aradan qaldirmagq {igiin spektrometriya, ion hora-
katlilik spektrometriyasi, yarimkegirici qaz sensoru, v fliiore-
san sensoru kimi partlayict maddslorin miixtalif agkarlama tex-
nologiyalarindan istifads olunur. Sksar dlkalorde horbi partla-
yict maddolors ciddi nazarst edildiyino goro, adoton oksidlos-
dirici yanacaq partlayicilar1 kimi taninan sldoqayirma partla-
yicilar asanliqla oldo edilo bilon materiallar vo sado hazirliq
prosesi sayoasinda terrorgularin partlayici hiicumlar hoyata kecir-
molari liglin asas vasitays g¢evrilib. Partlayict maddeler adston
oksidlosdirici komponentlorin (nitrat, nitrit, xlorat, perklorat
peroksid, permanqganat vo xromat kimi) redoks reaksiyasi vo
yanacaq (masalon, sokar, dizel, nitroseliiloz vo s.) vasitasilo ¢ox-
lu enerji buraxdig bir ne¢o madda ils qarigdirilir. qisa miiddotda
coxlu gaz omolo gotirir [1]. Masalan, kond tosarriifat1 giibrasindo
genis istifads olunan ammonium nitrat dizel yag1 vo ya kerosinlo
qarisdirildigdan sonra partlayici kimi istifads oluna bilor. Eyni-
lo, kalium xlorat1 yalniz parafin va ya vazelinlo qarig-dirmaq vo
sonra partlayict hazirlamagq {i¢iin alii-minium tozu slavo etmok
lazimdir. Bununla bels, peroksidlor istisna olmagqla, partlayici
maddolor asason bork olan geyri-lizvi duzlardir vo onlar adi
ucucu nitro partlayicilar kimi havada miioyyon etmok miimkiin
olmur vo partlayict maddolorin askarlanmasi ti¢iin analitik
cotinliklor yaradir. Hazirda sinaqdan kegiricini siibhasiz tohliiko
altina salacaq ugucu olmayan kimyovi maddoslorin agkarlanmasi
iclin ovvalcodon adsorbsiya niimunosi tolob olunur. Havada
bork hissaciklorin mokan paylanmasinin todqiqindon tosdiq edilo
bilor ki, ugucu olmayan partlayict maddolor iiclin bork
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hissaciklor dispersiyaya goro atmosferdo do paylana bilirlor.
Beloalikla, tohliikasizlik namino, tomassiz zondlama texnolo-
giyast ilo partlayict maddoslor 6zlorini birbasa, ola bilsin ki,
havadaki asili hissaciklori ilo hiss etmok gabiliyyatine malik
askarlama alotini inkisaf etdirmakls partlayict maddslori askar
etmok lazimdir.

Optik kimyovi askarlama maddslorin kimyavi mslumat-
larin1 infraqirmiz1 spektr kimi optik signallar vasitesils otiiriir vo
sathi gliclondirilmis Siini olfaktor sistemi kimyavi agkarlama vo
otraf miihitin monitoringi sahasinda bir ¢ox totbiqi olan unikal
vibrasiya barmaq izi vo yiiksok signal giiclondirma xiisusiy-
yatlorine malik olan trinitrotoluenin yiiksak hassas agkarlanmasi
isuludur. Bu tisullar giiclii spesifikliya vo hassasliga malikdir vo
partlayict maddalorin ¢oxsayli komponentlorinin agkarlanmasi
ilo tizlosmoak tigiin portativ vo siiratli analiz metodlar1 kimi inki-
saf etdirilmok potensialma malikdir. Ilkin morholodo “kilidle-
acar” strategiyasina osaslanan vizuallasdirilmis kimyovi zondlar
totbiq edilmis vo 1860-c1 illordon sistematik todqiqat islori apa-
rilmigdir. Zond vo obyekt arasinda kimyovi qarsiligl tosirlor
vasitasilo zond molekullararasi qarsiliqli tasirlorin yaratdigi rong
va ya fliioresan dayisikliklori asasinda yiiksok spesifikliys malik
maddolori taniya bilor. Siini olfaktor sistemi iybilmo vo ya qoxu
hissi tigiin istifado edilon hiss sistemidir. oksar siiriinonlorin vo
mamolilorin iybilma sistemi iki forqli hissoadon ibaratdir:

- osas iybilmo sistemi
- kdmokei qoxu sistemi

Osas iybilmo sistemi ugucu, havada olan maddolori askar
edorkon olavo qoxu sistemi maye fazali stimullara cavab verir.
olavo qoxu sistemi feromon stimullarini agkar eds bilir.

Bioloji olfaktor sistemi — atmosferdoki molekullarin vo ya
hissaciklarin ayri segicilorindon irali galir ki, bu adoton kimyovi
birlosmo signal Otiiriilmoasi isiiliidiir. Itlorden istifado on tosir-
li,effektiv lisul hesab olunur. Itlorin tolimi baha basa golir vo
otraf miihitdon asnligla tosirlons bilor.
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Metone (QS-H150) ion harokatliliyi spektroskopiyasi prin-
sipi vo Fido (fliloresan polimer materiallar osasinda) peroksid
torkibli partlayici maddslori askarlanmasini hoyata kegiri-
lir.Oldogayirma partlayict maddsleri agkar edilmoasini hoyata
kecirmok Tii¢lin kalium permanqanat,karbamid, sokor vo digor
komponentlorin agkarlanmasi {i¢iin bir sira kolometrik prin-
siplori aragdirildi. 2010-cu ildon 2021-da peroksid, nitrat, xlorit,
pexlorat 10® vo 10° M. Ayirdetmo hossashigini daha yaxsi-
lagdirmaq iclin optik siini iybilmo sistemi kimyovi sensor
miixtalif partlayici maddslorin agkarlama modullar kimi gabul
edir. Avtomatik analiz toplanmasi nozoro alinmaqla vo optik
signallarini ultrahassas tanimnmasi miixtolif komponentlorin for-
mas1 todqiq edilmigdir.

Olfaktor sistemi vacib analiz sistemmi hesab olunur. Nano-
kolometrik vo nonfliiresent xarakteristikas1 partlayici opti-mal
kimyovi detektorla miioyyon edilmisdir.

Daha spesifik optik kimyavi zondlar formasi edildikds vo
niimunanin taninmasi qabiliyyati yaxsilagdigca, optik kimyovi
sensor massivi 2000-ci illordon bari inkisaf etdirildi vo miixtalif
novlords tistiin segicilik vo hassasliq gostordi [3].

Olfaktor neyronlar1 simulyasiya etmak {i¢iin qazlarin kim-
yovi moalumatlart elektrik signalinin otiiriilmasine ¢evrilir vo
partlayict maddolorin agkarlanmasi {i¢lin miiraciot edon siiratli,
hassas vo tanman elektron burnun todqiqi li¢iin bir sira islor
aparilmisdir [4]. Optik siini qoxu sistemi do bionik sistemlors
osaslanir. Selikli qisan1 simulyasiya etmok ii¢lin simulyasiya
etmok li¢iin optik kimyovi zonddan, neyron qrupunu simulya-
siya etmok li¢lin sensor sistemdon vo signal inteqrasiyasini si-
mulyasiya etmok {iglin niimuno taninmasindan istifados edon
metoddur. Burada partlayict maddolorin agkarlanmasi {i¢iin
optik siini qoxu sisteminin prinsipi, eloco do bu sahadoki son nai-
liyyatlar, o cimladan kimyavi zondlar, sensor massivinin forma-
lagmasi, nlimunoni tanimast vo optik siini iybilma sistemi hag-
qinda molumat toqdim edildi.
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Sakil 1. MetOne-da siini iybilma sistemina asaslanan partlayici
maddalori askarlama sistemi
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Development of an optical artificial smell system for
ultrasensitive detection of explosives
Saida Ahmadova, Kamal Askerov,

Annotation. Improvised explosive devices are frequently used in
terrorist attacks and are of widespread concern from govern-
ments to academic societies. Because improvised explosives
exist mainly as solids, there is a need for sensors to be adapted
to acquire data from the solid state. Chemical sensors typically
consist of probes designed based on the chemical properties of
analytes and generate signals through specific chemical
interactions that are not affected by the state of the target
substance. Known for their intuitive (recognizable by the human
eye), portable (regardless of large-scale analytical equipment),
highly specific, sensitive, and environmentally friendly
characteristics, colorimetry and fluorescence are widely used
optical chemical detection methods in materials analysis and
environmental protection. monitoring. Based on this, the study
of the optical artificial smell system, which imitates the working
principle of the natural smell system and obtains a sensing
signal by optical methods, has emerged as a promising tool for
the detection of improvised explosive devices. Here, the basic
working principle and necessary components of an optical
artificial olfactory system, including the probe molecule, array
composition, pattern recognition, and device construction are
recommended. A potential development direction using the
methodology of molecular recognition of explosives, generation
and reception of optical signals is also promising.
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Aviasiyanin tahliikasizliyinin
idarsedilmasinds siini intellektin tatbiqi
imkanlar:

Sonam Ismayilova, Ruslan Riistamov
Aviasiya tahliikasizliyi
Milli Aviasiya Akademiyast,
senemismayilova845@gmail.com

Annotasiya. Maqgaloda aviasiyanin tohliikasizliyinin idara-
edilmasinda siini intelektin tatbiqi imkanlary tohlil edilmis va
malum olmugdur ki, siini intellekt texnologiyalarini tatbiq etmak-
la, hava limanlarinda artan sarnisin hacmina uygun tohliika-
sizliyin yiiksak saviyyada idara edilmasina nail olmaq miimkiin-
diir.

Acar sozlor: siini intelekt, aviasiya, tohliikasizlik, hava
limani, risk

Stini intellekt, tapsiriglart yerino yetirmok ii¢iin insan intel-
lektino osaslanan vo topladiglart melumat osasinda ozlorini
tokrar tokmilloagdira bilon sistemlar vo ya masinlar kimi miisyyan
edilir. Siini Intellektin osas mogsadi insanlarin diinyan1 neco
gavradigini vo ona neco reaksiya verdiyini tohlil edorak insanin
qabiliyyatini tokmillosdirmak va tohfo vermokdir [1].

Stini intellekt, kompiiter vasitosilo idars olunan robotlarla
olagali vozifalari yering yetirir. Termin adston miilahizs yiirtit-
mok, mona hasil etmok, imumilosdirmok va ya kegmis tocriibo-
don dyronmok qabiliyyati kimi insanlara xas olan intellektual
proseslorlo tochiz edilmis sistemlorin inkisafi vo layiho-
londirilmasindo totbiq edilir. Eyni zamanda, siini intelektin
aviasiyada tohliikasizliyin idaraedilmasi sahasinds aragdirilmasi
vacib hesab edilir, ¢iinki aviasiyada artan sornisin axininin
nizama salinmasi hal-hazirda aktual mosalo olaraq galir.

-99 -


about:blank

ARTIFICIAL INTELLIGENCE TECNOLOGIES AIT&AP

AND AEROSPACE ProBLEMS-2024 e

Moqalado magsad, aviasiyanin tohliikasizliyinin idaraedil-
masindas siini intelektin totbiqi imkanlarini tohlil etmok vo hava
limanlarinda artan sornisin hocmina uygun tohliikasizliyin
yiiksok saviyyado idars edilmasi ilo alagadar somorali tokliflor
vermokdon ibaratdir.

Psixoloqglar iimumiyyatls insan zokasini yalniz bir olamaotlo
deyil, bir ¢ox miixtalif qabiliyyatlorin birlogsmasi ilo xarakterizo
edirlor. Siini intellekt sahoasindo aparilan tadqiqatlar asason zoka-
nin oyronmo, diistinmo, problemi halletma, gavrayis vo dildon
istifado kimi komponentlorino fokuslanir [2].

Bir c¢ox hallarda yaranan problemlori aradan qaldirmaq
liclin gorar verilmolidir. Qorar verms bir ¢ox alternativlor arasin-
dan se¢im etmokdir. Qorar vermado har bir masals vo amil goalo-
coyo aid oldugu tli¢lin geyri-miioyyanlik, ekvivalentlik vo mii-
rokkoblik kimi risklor mévcuddur. Qabul edilocok gorarin gols-
cayi neco formalasdiracagi, qarar verma prosesi zamani risklorin
na doracodo minimuma endirilo vo idars oluna bilacayindon
asilidir. Qarar verma prosesi on optimal gararin gqobul edilmasini
va hayata kegirilmasini tomin edarak, gorar gobul etmak {iciin
xiisusi iisul toqdim edir. Homginin, qorar qobulu molumatin
toplanmasi vo iglonmasi xarclori, alternativ-lordon imtina etmok
kimi bir ¢ox xarclori ohato edon riskli bir prosesdir. Bu noqtado
gorar verma prosesing tosir edon risk faktorlarimi tohlil etmoadon
insan beyninin igini taqlid eden, an shamiyyatli gaynaq olan vaxt
vo xarclora gonaot etmoyimizi tomin edon siini intellekt totbiglori
ohomiyyot qazanir. Siini intellekt insan beyninin masinlarda
yering yetirdiyi funksiyalar1 miixtolif aspektlords toqlid etmoya
calisan elm sahosidir [3].

Bildiyimiz kimi, hava limanlar1 ii¢lin tohliikosizlik todbirlori
osas mosalolordon biri hesab edilir. Hava limanlarinda
miintozom olaraq kig¢ik insidentlorlo yanasi, hoyati tohdid tohlii-
ko yaradan ¢oxsayli tohliikolor bas vero bilir. Buna goro do
risklori azaltmaq tciin kompleks tohliikasizlik sistemlorinin
totbiqini tolob edilir. Bu istigamotds hava limanlarinda qabaqeil
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tohliikosizlik todbirlorinin ohomiyyatli doracads tokmillag-diril-
masi zoruridir. Bununla yanagi, sornisinlorin va aviaper-sonalin
rahatliginin, uguslarin miintozomliyinin tomin edilmasi masalasi
aviagsirkatlorin qarsisinda qoyulan prioritet toloblor hesab edilir.
Aviagirkatlor aviasiyada tohliikesizliyin tomin edilmasi ilo
yanag1, samaraliliyi do artirmaga v biitiin amasliyyat proseslarini
miintozom va qiisursuz etmoyo ¢alisirlar [4].

Son zamanlar hava limaninin tohliikesizlik problemlarini hall
etmok mogsadi ils biitiin diinyada siini intellekts asaslanan sis-
temlor daha cox totbiq olunur. Bu sahoado siini intelektin
tatbigina 2020-ci ildo 373,6 milyon dollar investisiya ayrilmis,
2028-ci ilo kimi isa mablogin 582,6 milyon dollara ¢atacagi
prognozlasdirilir.  Siini intellektin totbiq oldundugu hava
limanlarina gotirdiyi coxsayl faydalarla slagalondirilir.

Siini intellek hava limanlariin asagidaki sahslorinds genis
tatbiq olunur:

- molumatlarin optimallagdirilmasinda;

- perimetr {izro aeroportun qorunmasinda;

- girigd nazarat sisteminds;

- foaliyyatin somaraliliyinds;

- nozaratsiz qalmis bagajin zararsizlogdirilmasinds va s. [5].

Hava noqliyyatindan istifade edon sorniginlorin say1 vo buna
miivafiq olaraq risklor artmaga davam etdikco, siini intellektin
totbiqi zorurati daha da artir. Siini intellektls isloyan sistemlorls
hava limanlar1 artan sornisin hocmini effektiv sokildo idaro edo
va bununla bagl problemlori holl eds bilor. Hava limanlarinda
stini intellekt miintozomliyi, tohliikasizliyi, somoraliliyi tomin
etmok vo sornigin axinini tonzimlomok ii¢lin gabaqcil texno-
logiyalardan istifado etmoklo aviasiya sonayesindo perspektiv
imkanlar yaradir [6].

Notica. Beloliklo, aviasiya tohliikasizliyinin idaro edilmo-
sinin perspektivliyi onu gostorir ki, siini intellektin miioyyan bir
tohliikasizlik taktikasini tokmillogsdirmok tigiin istifado oluna
bilmasi, onun totbiq edilmasi demok deyildir. Siini intellekt toh-
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liikasizlik saviyyasinin yiiksaldilmasi tiglin diqgatlo hazirlanmig
bir vasito kimi istifade edilmolidir. Ciinki aviasiya tohlii-
kosizliyini idaroetmok ii¢lin totbiq edilon siini intelekt texno-
logiyalari terroristlor torafindon idars edilorak aviasiya tohliiko-
sizliyinin foaliyyatini pozmagq tigiin do istifads edils bilor. Biitiin
bunlar1 nazars alaraq, bels risklorin idars edilmasi siini intelektin
totbigindon 6nco garstya qoyulan on vacib masslo kimi hall
edilmoalidir. Olaqadar risklori hall etdikdon sonra siini intellekt
texnologiyalarin1 totbiq etmoklo, hava limanlarinda artan
sornisin hacmino uygun tohliikesizliyin yiiksok soviyyods idars
edilmasing nail olmaq miimkiindiir.
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Possibilities of using artificial intelligence in aviation
security management
Sanam Ismayilova, Ruslan Rustamov

Abstract. The article analyzes the possibilities of using
artificial intelligence in aviation security management and found
that by using artificial intelligence technologies, it is possible to
achieve a high level of security management in accordance with
the growth of passenger traffic at airports.

Keywords: artificial intelligence, aviation, security, airport,
risk.
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Anbarlarin idars edilmasinds siini
intellekt
texnologiyalariin tatbiqi
Mbhluga Nasirova, Polad Ismayilov
Milli Aviasiya Akademiyasi
mahluga.nasirova@gmail.com
polad.ismayil@gmail.com

Annotasiya. Siini intellektin anbarlarda totbiqi anbar
omaliyyatlarinin iqtisadi cohotdon somorsli sokildo hoyata
kecirilmasinin asasimi toskil edir. Anbarlarda omoliyyatlarin
toskili, amoliyyat novlari vo metodlar: anbar idaragiliyinin osas
gostaricilorindon biridir. Buna gbra do, anbarda omaliyyatlarin
yiiksok soviyyads toskil edilmasi iiglin miiossiso mallarin hansi
istigamotdas yerlosdirilmosine vo daginmasina ehtiyac oldugunu
dorindon Oyronmoli, siini zokanin imkanlarindan istifadoyo
tistlinliik verarak amoliyyatlari togkil etmolidir. Bildiyimiz kimi,
biitiin todariik zoncirinin asasini anbar amaliyyatlar togkil edir.
Anbar omoliyyatlar1 da todariik zoncirindo xiisusi rola malikdir.

Bu sahodo omoliyyatlar miixtalif mallarin qobulu, yerlos-
dirilmasi, saxlanilmasi vo gondarilmasi formasinda hoyata kegi-
rilir. Omoliyyatlarin hoyata kegirilmasi iiglin miiossisolor anbar
siyasotindon istifado edorok daha cox effektivlik vo mohsul-
darliq oldo etmoyo c¢alisirlar. Anbar siyasoti slini zokadan
istifads etmokls islorin somaraliliyinin artirtlmasindan ibaratdir.

Umumi sokildo anbar siyasoti daha somoroli vo ¢evik
omoliyyatlarin hoyata kecirilmasino yonaldilmolidir. Bu mog-
sadlo miiossisolor 6z omoaliyyatlarini avtomatlagdirmaq vo ro-
gomsal texnologiyalarin imkanlarindan istifads etmak ii¢iin siini
zoka sistemlorini totbiq edo bilarlor. Son illorde anbar siyasati
avtomatlasdirilmis sistemlorin va siini zokanin totbiqi ilo hoyata
kegirilir vo bu sahados siiratlo inkisaf edir.
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Anbar-maddi doyarlorin saxlanmast vo anbarlagdirma
xidmatlorinin gostorilmesi {i¢lin nazorde tutulmus tikilidir.
Logistikada iso anbarlar, mal géndorilmasi va tolobat hocmini
diizgiin miioyyanlogdirmak {iglin vacib olan maddi resurs
ehtiyatlarinin akkumulyasiyasi, eyni zamanda, istehsalgidan
istehlak¢iya dogru mal axinlari sistemlorinin harokati siiratinin
sinxronlagdirilmas1 funksiyasini yerino yetirir. Xammallar
comiyyaet liclin strateji shoamiyyat dasiyir, digor hissesindon isa
insanlarin talabatini 6domak {igiin istifads edilir. Eyni zamanda
da mohsul bir insanin istehsal va istehlak yolu ils ehtiyaclarini
tomin edon amayinin naticasi kimi gdstarilir.

Anbara mallarin qabul edilmasindas istifads olunan sonadlor
vo gobul zamani sonadlorin qeydiyyata alinmasinin ndvlori
miixtolifdir. CMR, Kongimento, Waybill, yiikloma sonadi (Bill
of Loading) yaxud dasima sonadi vasitasilo vo jurnal; kart vo
avtomatlasdirilmig elektron (EDMS) noévlori vasitalori ilo do
hoyata kegcirilir. Bu névlorin hor biri ayri-ayriligda xdisusi
ohomiyyoto malikdir. Noviino vo Olglisiino géro mallar ¢ox
miixtolifdir. Bunu faaliyystds olan norma vo qiymsatlorin hoc-
mindon toyin etmok olar. Anbarda mallarin ndvlorine gors
diizglin yerlosdirilmosi vo daxili anbar prosesinin somorali
toskili liglin vacib gortdir. Mallarin 6l¢iisiino goro yerlosdirilmasi
ylikloma anbarlarinin gostaricilari ilo xarakterizo olunur: saha vo
yiik faktoru, yerlogdirma hiindiirliiyii va s.

Anbarda mallarin saxlanmas: {i¢lin (temperatur, is1q, nom,
hava axini, izolyasiya va s.) anbarda optimal goraitin yaradil-ma-
sidir. Anbarda mallar tolob olunan temperatur, nomlik, isiq-
landirma doaracasino uygun olaraq saxlanilir vo izolyasiya edilir.
Miasir dovrdo do anbarlardan miixtolif toyinatli mallarin
saxlanilmast magqsadilo istifado edilir. Bir neg¢o saxlanma
usullar1 vardir FIFO, LIFO, FEFO, hamginin NIFO va onlardan
genis istifads edilir. Anbarlara mallarin gobulu zamani saglam-
liq, amoyin miihafizosi, tohliikasizlik texnikasi vo sanitar-gigi-
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yena norma vo gaydalarina omol edilmasi vacib amillordon biri
hesab edilir.

Stini intellektin anbarlarda totbiqi bir sira miihiim {istiin-
liklor tomin edir. Masalon, anbar omsoliyyatlarinin avtoma-
tlasdirilmast vo optimallasdirilmasi vasitosilo is¢i qlivvosinin
yiikii azalir, insan sohvlori minimuma endirilir vo amoliyyat
somoraliliyi artir. Siini intellekt sistemlori inventar idaroetma-
sindo daha doqiq prognozlar vers bilir, belolikls, mallarin
vaxtinda sifarisi vo movcudlugunu tomin edorok miistori
momnuniyyatini artirir.

Eyni zamanda, siini intellektin anbarlarda totbiqi logistika
sahasinda innovasiyalart siiratlondirir vo yeni biznes modells-
rinin formalagsmasina genis imkanlar yaradir. Anbar idaroet-
masindas siini intellektin tatbiqi golocokds daha da genislonarok
todariik zoncirinin digor sahalorina do niifuz edocok vo bu sahads
roqabot qgabiliyyatini artiracaq. Bu sobobdon, siini intellektin
anbarda totbiqi movzusu giiniimiiziin on aktual vo perspektivli
arasdirma saholorindon biridir.

Anbarlarda siini intellektin totbiqi bir sira miithiim
istiinliiklor tomin edir. Masolon, anbar omoliyyatlarinin avto-
matlagdirilmasi vo optimallagdirilmasi vasitoasilo is¢i qlivvosinin
yiikii azalir, insan sohvlori minimuma endirilir vo amaliyyat
somaraliliyi artir. Siini zoka sistemlari inventar idarsetmasinda
daha doqiq prognozlar vers bilir, belsliklo, mallarin vaxtinda
sifarigi vo movcudlugunu tomin edorok miistori momnuniyyastini
artirir.

Miiasir anbar sisteminin yliksok dorocods avtomatlas-
tirtlmasinin moagsadi goriilon ol islorinin minimuma endirilmasi
moqsadi dastyir. Bu sobobdon anbarlarin qurasdirilmasi zamani
elo etmok lazimdir ki, ylikiin anbara gobulu anindan yiikiin
sahibino catdirilmasina qodor avtomatlagdirilmasi miimkiin
olsun. Bu sobabdon anbarlar miixdslif név avadanliglarla tomin
olunmalidir ki, isin effektivliyini tomin etmok miimkiin olsun.
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Miiasir logistika sonayesinds anbarlarin idars edilmosi osas
masololordon biridir. ©dadi transformasiya ddvriindo siini
intellekt (AI) texnologiyalarinin totbiqi anbar idarsgiliyinds
bdyiik yeniliklor vo imkanlar yaradir. Bu yazida Al texnolo-
giyalarinin anbarlarin idara edilmasinds necs totbiq edildiyini vo
bu texnologiyalarin gatirdiyi tistiinliiklori 6n planda gostorilir.

Talobin prognozlasdirilmasi — siini intellekt kegmis satig
molumatlarin1 vo bazar tendensiyalarini tohlil ederok golocok
tolobi prognozlasdira bilir. Bu, anbarlarda optimal ehtiyat soviy-
yasini saxlamaga komok edir vo tochizat zoncirinin daha
somoarali idara olunmasini tomin edir. Siini intellekt modellori
tarixi molumatlar1 va digor doyigonlori (masalon, movsiimi talab,
reklam kampaniyalari, bazar tendensiyalar1) nozors alaraq doqiq
prognozlar vera bilor. Naticoda sirkotlor mohsul konfliktlori vo
izafilori ilo qarsilasmadan miistori toloblorini daha yaxsi
qarsilaya bilirlor. Prognozlasdirma hom do miistoriys golocok
bazar doyisikliklorino daha tez vo uygun reaksiya vermoyo
imkan verir ki, bu da biznesin davamliliini tomin edir.

Ehtiyatlarin (“Stock”) idars edilmasi — siini intellekt
texnologiyalar1 sizo real vaxt rejiminds ehtiyatlarin saviyyesini
izlomoys vo avtomatik sifariglor yaratmaga imkan verir. Bu
texnologiyalar mohsul ehtiyatini avtomatik olaraq doldurur, alla
goriilon is yiikiinli azaldir vo tullantilar1 aradan qaldirir. Bundan
olavo, AI alqoritmlori mohsullarin hoyat dovriinii izloyir,
kohnalmis vo ya istifado miiddati bitmis mohsullarin vaxtinda
cixarilmasini tomin edir. Bu, ehtiyatlar1 daha effektiv idaro
etmoyo vo ehtiyatlari optimal soviyyado saxlamaga komok edir.
“Stock”larin idaro edilmosindo siini intellektin istifadosi
miistoriys anbar sahosindon daha somarali istifado etmoyo imkan
Verir.

Optimallagdirma vo marsrutlasdirma — Al-alqoritmlori
anbardaxili vo anbarlararasi horokotlori optimallasdirmaga
komok edo bilor. Onlar mohsullarin on siiratli vo on effektiv
sokilda neco catdirila bilocayini tohlil edarok nogliyyat marsrut-
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larin1 optimallagdlrma imkanlarina malikdirlor. Bu, géondormo
xorclorini azaldir vo mohsullarin miistorilore daha tez vo effektiv
catdirilmasint tomin edir. Bundan olava, bu texnologiyalar
stiriciiniin olgatanligini, yanacaq sorfiyyatini vo yol soraitini
optimallagsdirmaqla olavo istiinliiklor tomin edir. Nogliyyat
proseslorinin optimallagdirilmasi ham do otraf miihito daha az
tosirlo naticalonir ki, bu da sirkotlora 6z ekoloji 6hdsliklorini
yering yetirmaya komak edir.

Robot texnologiyalar1 — Anbarlarda robotlarin istifadssi is¢i
qiivvasinin yiikiinii azaltmaga va is proseslorini siiratlondirmoya
imkan verir. Siini intellektlo idaro olunan robotlar moahsullarin
gotliriilmoasi, qablasdirilmasi vo yiliklonmoasi kimi vazifalori
yering yetira bilir. Bu robotlar yiiksak siirat va doqiqlikls isloyir,
insan zorarini aradan qaldirir vo mohsuldarligr artirir. Masalon,
Amazon kimi boyiik sirkstlor 6z anbarlarinda robot texno-
logiyalarindan genis istifads etmoklo amoliyyat somaeraliliyini
artirirlar. Robotlar anbar omoliyyatlarinin siirotini artiraraq
mohsullarin miistorilora daha tez gatdirilmasini tomin edir vo is¢i
qiivvasinin ig ytikiinii azaldir.

Stini intellekt texnologiyalarindan mshsulun keyfiyyatino
nozarot etmok T{clin istifado edilo bilor. Masalon, tosvirin
taninmasi texnologiyalart mohsulu avtomatik yoxlayir, qilisurlu
mohsullar1 miioyyon etmoya vo tocrid etmoyos komok edir. Bu,
mohsulun keyfiyyatini yaxsilagdirmaga vo miistori momnu-
niyyotini artirmaga komok edir. Siini intellekt mohsulun biitiin
hayat dovrii orzinde keyfiyyatin monitorinqini tomin etmoklo
keyfiyyot problemlorini ilkin morhalodo holl etmoys imkan
verir. Keyfiyyat baximindan Al-nin totbiqi mohsulun geri
cagirilmasini azaltmaga da komok edir ki, bu da sirketin reputa-
siyasini qoruyur.

Siini intellekt texnologiyalar1 boyiilk hocmdo molumatlari
tohlil edir vo menecerlors otrafli hesablamalar vo tohlillor togdim
edir. Bu, anbar foaliyyotini tohlil etmoya vo strateji qorarlar
qabul etmoyo kdmak edir. Siini intellekt verilmis molumatlarin
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tohlili zamani insan sohvlorini azaldir vo daha doqiq naticolor
oldo etmoyo imkan verir. Masoalon, satis malumatlarini tohlil
etmoklo mohsulun performansini qiymstlondirmok vo marketing
strategiyalarini optimallagdirmaq olar. Malumatlarin tohlili hom
anbar omoliyyatlarinin effektivliyini artirmaga, hom da xarclori
azaltmaga komok edir.

Miistori xidmatlorinin tokmillosdirilmosi — Siini intellekt
texnologiyalar1 miistarilorin suallarina va sifariglorine tez cavab
vera bilir. Miistori mamnuniyyatini artirmaq {li¢iin Catbotlar vo
digor siini intellekto osaslanan miistori xidmoti formalarinda
genis istifado olunur. Bu texnologiyalar avtomatik olaraq miisto-
ri sorgularina cavab verir, is¢i qlivvesinin yiikiinii azaldir vo
mistorilors daha siirotli vo doqiq xidmot gostorir. Miistori
xidmatlorinde siini intellektin totbiqi miistori problemlorinin
daha tez hollino vo miistori momnuniyyatinin artiritlmasina ko-
mak edir.

Tohliikasizlik — siini intellekt texnologiyalarindan anbar-la-
rin tohliikasizliyini artirmaq {giin istifads edilo bilor. Masalon,
tohliikasizlik kameralari vo digor nazarat sistemlari siini intellekt
vasitasilo potensial tohliikolori agkarlaya vo onlara qars1 miiba-
rizo apara bilor. Bu texnologiyalar anbar sahslorinds harokati
izloyir, icazesiz daxilolmalarin qarsisini alir vo tohliikali olma-
yan hadisolors tez reaksiya vermoyo imkan verir. Tohliikosizlik
sistemlorindo Al-nin istifadosi eyni zamanda is¢ilorin tohliike-
sizliyini artirmaga komak edir.

Anbarlarin idaro olunmasinda siini intellekt texnologiya-
larinin totbigi amoliyyatlarin somaraliliyinin artirilmasi, xarcloe-
rin azaldilmasi vo miistori momnuniyyatinin artirilmasi {i¢iin
genis imkanlar yaradir. Tolob prognozu, ehtiyatlarin idars edil-
masi, optimallasdirma vo marsrutlasdirma, robot texnologiyala-
11, keyfiyyato nozarat, molumatlarin tohlili vo intellektual ugot,
miistori xidmatlorinin tokmillosdirilmasi vo risksiz omosliyyatlar
sahasinds siini intellektin totbiqi anbar omoliyyatlarinin daha
cevik olmasini tomin edir. Anbarlarda siini intellekt texno-
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logiyalarinin totbiqi golocokdo daha da inkisaf edocok vo yeni
imkanlar yaradacaq. Siini intellektin davamli inkisafi vo genis-
londirilmasi anbarlarin idars edilmasinds daha yiiksok saviy-
yalore catmaga vo logistika sektorunda raqabet istiinlii-ytinii
tomin etmoys imkan veracak.

Aparilan todqiqatlar naticasinds kompiiter gérmo texno-
logiyast anbarlarda inventar idarsetmosinin somaorsliliyini vo
doqiqliyini ohamiyyatli doracado artirdigt miioyyon edilmisdir.
“Stock™ nozarati vo mohsul tapma proseslorinin avtomatlasdi-
rilmas1 sayosinde anbar amoliyyatlar1 daha siiratli, etibarli vo
tohliikesiz sokildo hayata kegirilir. Bu texnologiyalar, anbar
idareetmosinin hortorofli optimallagdirilmasina vo imumi ame-
liyyat xorclorinin azalmasima kémok edir. Anbar iscilorinin is
yiikii azalir, insan sohvlari minimuma enir vo amosliyyatlar daha
miintozom sokildo aparilir.

Kompiiter gérmo texnologiyasinin totbiqi naticesinde an-
barlarin daha dinamik, ¢evik vo roqabotodavamli olacagini vo bu
da 6z novbasinds miistori mamnuniyyetinin artmasina vo uzun-
miiddatli uguruna zomin yaradacaqdir. Movzunun aktuallig
hom do onunla bagldir ki, siini zokanin totbigi anbarlarda
omoliyyat xorclorini ohomiyyatli dorocods azalda bilor. Bu
texnologiya vasitosilo omaliyyatlarin daha cevik vo adaptiv
olmas1 tomin edilir ki, bu da miiassisalorin doyison bazar
soraitino daha siirotli reaksiya vermosine imkan yaradir.
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Application of artificial intelligence technologies in
warehouse management
Nasirova Mahluqa, Ismayilov Polad

Annotation. The use of artificial intelligence in warehouses
is the basis for cost-effective warehouse operations.
Organization of operations in warehouses, types and methods of
operations are one of the main indicators of warehouse
management. Therefore, in order to organize operations at a
high-level warehouse, an enterprise must deeply study in which
direction it is necessary to place and transport goods, organize
operations, preferring to use the capabilities of artificial
intelligence. As you know, the basis of the entire supply chain is
warehouse operations. Warehouse operations also play a special
role in the supply chain. Operations in this area are carried out
in the form of receipt, placement, storage and shipment of
various goods. To carry out operations, enterprises are trying to
achieve greater efficiency and productivity using warehouse
policies. Warehouse policy is effective using artificial
intelligence.

Rogomsal transformasiya dovriindo miiossisolor ragabot
istlinlilyli gazanmaq vo omoliyyatlarint daha somarali sokildo
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ND AEROSPACE PROBLEMS

idaro etmok {igiin innovativ texnologiyalardan istifado etmoyo
caligirlar. Bu texnologiyalarin totbiqi ilo bagli oan diqqet ¢oken
sahalordon biri da siini intellektdir. Siini intellektin anbarlarda
totbiqi movzusu gilinlimiizde son doraco aktualliq kesb edir.
Anbar omoliyyatlar1 todariik zoncirinin kritik bir hissasi
oldugundan, bu sahado siini intellektin totbigi logistika va
tochizat idaroetmosindo boyiik shomiyyat kasb edir.
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