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ABSTRACT

The goal of this work is to apply machine learning based models in order to understand text based
inputs. The project’s purpose is t0 use machine learning based models in real world applications
such as chatbots. Using artificial intelligence based machine learning models leads significant
improvement in real world applications, reducing human labor costs.

Keywords: artificial intelligence, machine learning, intelligent systems, nlp, chatbots, nlu,
sentiment analysis, text-based systems, supervised learning, classification, deep learning, text
preprocessing, sentiment classification.

Introduction

Machine learning is a branch of artificial intelligence that involves the creation of models and
algorithms that can use data to learn and make decisions or predictions. [1] The purpose of
machine learning algorithms is to recognize patterns and connections within data, and
subsequently use this knowledge to make decisions or forecasts regarding new data. [2] An
important benefit of machine learning is its capability to automatically learn from data, without
the need for explicitly programmed rules. This quality makes it particularly suitable for
applications where rules are ambiguous or undergo frequent modifications.

Chatbots, which are also referred to as virtual assistants or conversational agents, are a form of
artificial intelligence (Al) technology capable of emulating human conversation. Within Industry
4.0, chatbots are being utilized across several applications to enhance customer service, automate
mundane tasks, and increase employee efficiency. This paper provides an overview of the role of
chatbots in Industry 4.0, focusing on their benefits, challenges, and future directions. Chatbot
systems are software applications that employ natural language processing (NLP) and machine
learning methods to imitate human conversation. These chatbots can be created to engage with
users in diverse ways, such as answering queries, offering customer assistance, or facilitating
online purchases. [4]

One of the main benefits of chatbots in Industry 4.0 is their ability to improve customer service.
Chatbots have various applications, including addressing common queries, suggesting products,
and aiding in purchases. They can also provide individualized recommendations based on the
customer's past preferences and interactions, elevating the customer experience. Furthermore,
chatbots can perform automated routine duties, such as scheduling appointments, managing
invoices, and processing orders, freeing up staff to handle more intricate responsibilities [5].
Nonetheless, there exist numerous difficulties related to the implementation of chatbots within
Industry 4.0. A primary obstacle involves guaranteeing that the chatbots are dependable and
precise. Chatbots must be trained using high-quality data to ensure that they provide accurate
responses and recommendations. Furthermore, it is crucial to develop chatbots that can effectively
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manage intricate inquiries and adjust to novel circumstances. Another challenge is ensuring that
the chatbots are secure and protect the privacy of customer data. It is necessary to create chatbots
that adhere to data privacy regulations and prevent unauthorized access to sensitive data.

Preliminaries

Sentiment analysis entails detecting and extracting subjective information from textual data,
including emotions, opinions, and attitudes. In text-based systems like chatbots, sentiment
analysis can be used to understand the sentiment of the user's message and provide appropriate
responses. However, before applying machine learning techniques for sentiment analysis in
chatbots, certain preliminaries need to be taken care of. Some of the important preliminaries for
sentiment analysis in text-based systems are:

1. Data Collection: The first step in sentiment analysis is to collect data for training the machine
learning model. This data should be representative of the domain and context in which the chatbot
will be used. [6] The data should also be labeled with sentiment polarity (positive, negative, or
neutral) to train the machine learning model. [7]

2. Data Preprocessing: The quality of the data is crucial for the accuracy of the sentiment analysis
model. [8] The data should be preprocessed to remove noise, stop words, and irrelevant
information. This helps to reduce the dimensionality of the data and improve the accuracy of the
sentiment analysis model.

3. Feature Extraction: The next step is to extract features from the preprocessed data. Feature
extraction involves converting text data into numerical features that can be used for training the
machine learning model. Some of the common feature extraction techniques used for sentiment
analysis include bag-of-words, word embeddings, and n-grams. [10]

4. Machine Learning Model Selection: After feature extraction, a suitable machine learning model
should be selected for sentiment analysis. Some of the popular machine learning algorithms used
for sentiment analysis include Support Vector Machines (SVM), Naive Bayes, and Convolutional
Neural Networks (CNN). [11]

5. Model Evaluation: Once the machine learning model is trained, it should be evaluated to assess
its accuracy and performance. The model should be tested on a separate dataset to ensure that it
generalizes well to new data. [12]

Statement of the problem and a solution method

Chatbots are becoming increasingly popular as a means of communicating with customers in
various industries. [13] However, chatbots that use sentiment analysis to understand the emotions
and attitudes of customers may not always provide accurate or appropriate responses. [6] This can
result in a negative customer experience and a potential loss of business. Therefore, there is a
need for a more accurate and effective sentiment analysis system for chatbots.

One potential solution is to incorporate a combination of machine learning and rule-based
techniques for sentiment analysis. [8] Machine learning algorithms, such as deep learning models,
can be trained on large datasets to recognize patterns in text that correspond to specific emotions
or sentiments. Rule-based techniques, such as lexicons or dictionaries, can be used to identify
words or phrases that are commonly associated with certain emotions or sentiments. [13] By
combining these approaches, the sentiment analysis system can achieve higher accuracy and
adaptability to different contexts.
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Furthermore, to improve the accuracy of the sentiment analysis system, it is important to use high-
quality data for training and testing the machine learning models. The data should be diverse and
representative of the target population to avoid bias. In addition, the system should be regularly
updated and monitored to ensure that it continues to perform well and adapt to changing customer
needs and preferences.

Overall, the proposed solution method of combining machine learning and rule-based techniques,
along with the use of high-quality data and regular monitoring and updating, can help to improve
the accuracy and effectiveness of sentiment analysis in chatbots.

Today there are a lot of platforms that serve as a tool in order to build, deploy and use chatbots in
the everywhere. These platforms are often called chatbot frameworks. Chatbot frameworks are
software development tools that provide a set of pre-built components, libraries, and APIs to
facilitate the creation of chatbots. These frameworks typically provide a range of features and
functionalities, such as natural language processing, dialogue management, intent recognition, and
integration with various messaging channels. In order to combine machine learning and rule-
based techniques. Chatbot frameworks can be used to build chatbots that incorporate sentiment
analysis using machine learning techniques. Here are some popular chatbot frameworks that
support sentiment analysis:

1. Dialogflow: Dialogflow is a natural language processing platform that offers sentiment analysis
as one of its features. It uses machine learning algorithms to analyze the sentiment of user input
and can be trained on custom datasets to improve accuracy. [16]

2. Rasa: Rasa is an open-source chatbot framework that also supports sentiment analysis using
machine learning techniques. It provides pre-built sentiment analysis models that can be
customized for specific use cases. [15]

3. Microsoft Bot Framework: Microsoft Bot Framework is a platform for building and deploying
chatbots that can integrate with various channels, such as Facebook Messenger and Slack. It
provides sentiment analysis as one of its cognitive services, using machine learning algorithms to
analyze text sentiment. [17]

4. IBM Watson Assistant: IBM Watson Assistant is a chatbot framework that uses natural
language processing and machine learning to understand and respond to user input. It also
includes sentiment analysis as one of its features, allowing chatbots built with Watson Assistant to
analyze the sentiment of user input. [18]

These frameworks provide pre-built sentiment analysis models that can be customized and trained
on specific datasets to improve accuracy. They also offer various tools and features for building
and deploying chatbots, such as natural language processing, intent recognition, and dialogue
management.

Conclusion

In conclusion, chatbot frameworks are a useful tool for incorporating sentiment analysis into
chatbots using machine learning techniques. These frameworks provide pre-built models and tools
for sentiment analysis, making it easier for developers to create chatbots that can understand and
respond to user emotions.

Machine learning techniques, such as deep learning and natural language processing, are
commonly used for sentiment analysis in chatbots. These techniques enable chatbots to analyze
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user input and classify it as positive, negative, or neutral, allowing them to provide appropriate
responses that match the user's emotions.

The use of chatbot frameworks for sentiment analysis offers several benefits, including increased
accuracy and efficiency. Chatbot frameworks provide a user-friendly interface for developers to
train and deploy sentiment analysis models, making it easier to create chatbots that can understand
and respond to user emotions.

Furthermore, the combination of sentiment analysis and chatbot frameworks using machine
learning techniques provides a powerful tool for creating chatbots that can interact with users in a
more natural and engaging way. This is especially important in customer service and other areas
where user experience and engagement are crucial.

In summary, chatbot frameworks have become an essential tool for developers to create chatbots
that incorporate sentiment analysis using machine learning techniques. As the demand for
chatbots continues to grow, the use of chatbot frameworks in sentiment analysis is expected to
become more prevalent in the future.
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ABSTRACT

Recording and processing flight data (FD) ensures the safety of modern civil aviation. By
processing and analyzing of flight data, the causes of aviation incidents are revealed. The
accuracy of data processing in this field is of great importance. Flight data monitoring (FDM) is a
crucial process in the aviation industry that involves the collection, analysis, and interpretation of
FD to improve safety and efficiency. The system monitors a wide range of flight parameters.
However, analyzing large amounts of FD manually can be a time-consuming and daunting task.
By using advanced data analysis techniques such as data mining, FDM systems can provide
detailed insights into aircraft operations, allowing airlines and operators to identify areas for
improvement and take proactive measures to prevent incidents or accidents. In the context of
FDM, data mining can help analyze FD more efficiently and identify patterns that may not be
apparent through manual analysis.

The article discusses the issues of recording and processing of FD, which play an important role
in ensuring the safety of civil aviation in modern times, including the analysis of that data with the
help of data mining technology, were examined, and various algorithms of data mining were
investigated.

Keywords: flight data, flight data monitoring, flight safety, aircraft, artificial intelligence, data
mining.

Introduction

The safety of civil aviation is the main goal of the International Civil Aviation Organization
(ICAO) and significant progress has been made in this area in recent years. However, there is still
a need for further improvement of the measures taken, since any progress in this area has a
significant impact on the improvement of aviation security. Situational awareness is an important
component of human information processing and is of great importance in pilot decision-making
processes.

The comfort and reliability of aircraft is growing each year, while many flight stages are
performed automatically under strict control by the pilot. However, the ICAO reports that every
three out of four aviation accidents have been occurring due to the pilot fault for many years up to
now. The measures taken and being taken by ICAO contributed to a reduction in the total number
of aviation accidents, nonetheless their causality remains the same, i.e., at least 80% of all
aviation incidents, accidents and catastrophes still occur due to erroneous and incorrect actions of
aviation personnel, both in the air and on the ground [1,2].

Data monitoring is a critical function for organizations in various industries. By monitoring data,
organizations can identify potential risks, anomalies, and patterns that may require further.

An operator can use a Flight Data Monitoring Program to identify, assess, quantify, and address
operational risks. Additionally, this tool is versatile and can be utilized to support various safety
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tasks related to airworthiness and operations. Numerous clients face comparable challenges when
it comes to adjusting their procedures, defining or fine-tuning the software provided by the
supplier to meet the requirements of turbo-prop operations.

Flight Data Monitoring (FDM) is a proactive and non-punitive program that involves the
collection, analysis, and interpretation of flight data from routine flights to improve flight crew
performance, operating procedures, flight training, air traffic control procedures, air navigation
services, and aircraft maintenance and design [3].

Figure 1 explains that FDM is a comprehensive process that involves tracking statistics and
monitoring the evolution of events such as identifying network difficulties, trends, and safety
indicators. In contrast, Flight Data Analysis (FDA) refers to the detailed investigation of a single
event, which may include a single occurrence investigation, a practical flight investigation, or a
detailed investigation.

| Airline Operations
Flight Data

Figure 1: FDM a broad process that includes FDA.

The FDM procedure is an integral part of an airline's Safety Management System (SMS), which is
compulsory in many countries. While FDM is not mandatory for aircraft with a MTOW less than
27 tons under FAA and EASA regulations, it can provide valuable input to SMS for flight
operations.

The figure shows the life cycle of flight data in FDM (Figure 2) [4].
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DATA DOWNLOADING

Figure 2: The life cycle of flight data in FDM.

Problem statement

However, with the increasing volume of flight data being generated, traditional manual analysis
methods are becoming less effective. Data mining can help analyze this "big data" and extract
valuable insights that may not be apparent through manual analysis. The process of data mining
involves utilizing machine learning algorithms and statistical techniques to extract valuable
insights from extensive datasets. When applied in the context of FDM, data mining can help
enhance the efficiency of flight data analysis and uncover patterns that might not be easily
noticeable through manual examination. Here are some ways in which data mining can be used in
FDM [5]:

Identify Anomalies: Data mining algorithms can help detect anomalies in flight data that may
indicate potential safety issues. For example, if an aircraft is consistently consuming more fuel
than expected or is experiencing more turbulence than usual, it may be a sign of an underlying
problem that needs to be addressed.

Predictive Maintenance: Data mining can be used to predict when aircraft components may fail
based on historical data. By analyzing patterns in the data, FDM systems can identify when parts
are likely to need maintenance or replacement, helping to reduce downtime and increase aircraft
availability.

Root Cause Analysis: When an incident or accident occurs, data mining can be used to identify
the root cause. By analyzing data from multiple sources, including flight data, maintenance
records, and crew reports, FDM systems can identify underlying factors that may have contributed
to the event.
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Improve Operational Efficiency: Data mining can help identify inefficiencies in aircraft
operations, such as unnecessary fuel consumption or inefficient flight paths. By analyzing flight
data, FDM systems can provide insights into how aircraft operations can be optimized to reduce
costs and improve efficiency.

Crew Performance Analysis: Data mining algorithms can be used to analyze pilot and crew
performance data, such as response times, decision-making processes, and situational awareness.
By identifying areas where crews may need additional training or support, FDM systems can help
improve overall safety and reduce the risk of accidents.

Weather Analysis: Weather conditions can have a significant impact on aircraft operations, and
data mining can help identify patterns in weather data that may affect flights. For example, by
analyzing historical weather data, FDM systems can help airlines plan more efficient flight routes
and reduce the risk of weather-related delays.

Aircraft Design and Performance: Data mining can also be used to analyze aircraft design and
performance data, such as aerodynamic performance, structural integrity, and engine efficiency.
By identifying areas where aircraft may be underperforming or experiencing issues, FDM systems
can help improve aircraft safety and reliability.

Predictive Analytics: Data mining algorithms can be used to predict future trends and events
based on historical data. For example, FDM systems can use predictive analytics to identify
patterns in flight data that may indicate future safety hazards or maintenance issues, allowing
airlines to take proactive measures to address these concerns before they become more significant
problems.

Problem solution

Data mining is a broad field of data science designed to make future predictions based on patterns
found in collected FD. Due to the large amount of data collected every day, it is impossible to
manually find events in FD. Data mining has been able to start addressing this problem. There are
various methods and algorithms of data mining. Although they are not yet optimized for mining
of aviation data in their current state, some common data mining methods, such as Clustering
Analysis, Association Rule Mining, Classification Analysis and Predictive Modeling are being
explored [5].

1. Clustering Analysis

Clustering analysis is a data mining technique that can be used for event detection in flight data.
Clustering algorithms group similar flights together based on specific criteria, such as aircraft
type, route, or weather conditions. This can help identify patterns and anomalies that may indicate
potential safety hazards, such as abnormal flight parameters or deviations from normal flight
paths. By analyzing these clusters, airlines can develop proactive safety measures that prevent
accidents and improve overall aircraft safety.

2. Association Rule Mining

Another technique of data mining called association rule mining can be utilized for detecting
events in flight data. This technique identifies relationships and patterns between different
variables in the dataset. For example, association rule mining can be used to identify correlations
between specific weather conditions and changes in aircraft performance. By analyzing these
relationships, airlines can develop proactive measures to prevent safety hazards and improve
overall aircraft performance.
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3. Classification Analysis

Classification analysis is a data mining technique that can be used to identify specific events or
conditions in flight data. Trained on previous flight data, classification algorithms are utilized to
detect particular patterns or abnormalities that could potentially indicate a safety risk. For
example, classification analysis can be used to identify abnormal flight parameters or deviations
from normal flight paths that may indicate a potential safety issue. By using classification
analysis, airlines can develop proactive measures to prevent accidents and improve overall aircraft
safety.a

4. Predictive Modeling

Predictive modeling is a data mining technique that can be used to predict future events or
conditions based on historical data. Through the analysis of past flight data, predictive modeling
algorithms have the capability to recognize trends and patterns that might indicate possible safety
risks or other concerns. For example, predictive modeling can be utilized to identify components
that may be more likely to fail, enabling airlines to replace these components before they cause a
safety hazard. Predictive modeling can also be used to forecast future aircraft performance based
on historical data, enabling airlines to take preventative actions to improve overall aircraft
performance and reliability.

Conclusion

In conclusion, extracting valuable insights from extensive datasets is made possible through the
implementation of data mining techniques, and it can help improve safety and efficiency in the
aviation industry. There is no single "best" data mining method for flight data monitoring, as the
choice of method will depend on the specific goals and objectives of the analysis, as well as the
characteristics of the dataset being analyzed. However, here are some commonly used data mining
methods in flight data monitoring. A combination of different methods may be needed to achieve
the desired results. FDM systems can analyze vast quantities of flight data more efficiently and
identify patterns that may not be discernible through manual analysis by leveraging machine
learning algorithms and statistical techniques. As the aviation industry continues to evolve, data
mining will likely play an increasingly important role in FDM and other critical aviation
processes.
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ABSTRACT

The issues of creating intelligent control systems in a dynamically changing flight environment
are considered and the principle of constructing an onboard intelligent flight control system is
proposed. The implementation of the proposed system is based on the pilot's situational awareness
of the flight progress in real time, which allows avoiding errors and maintaining enhanced
synergy between human and avionics systems. Constant adaptation of the cockpit, as well as
onboard. automation successfully maintains the pilot's workload within an optimal range,
mitigating the occurrence of dangerous levels of fatigue. Methods for assessing and predicting the
threat of an aviation accident based on direct control of the variation in the values of
characteristics that affect flight safety, using methods and tools of artificial intelligence, are
proposed.

Keywords: flight safety, aircraft, intelligent aviation system, accident threat, prevention, control
system, artificial intelligence, aircraft control systems

Introduction

Currently, there are various systems for ensuring aircraft flight safety, the action of which is
aimed at detecting, predicting and parrying the threat of an aviation accident. However, these
systems, as a rule, make it possible to identify the threat of a catastrophic situation under the
influence of individual influencing factors and do not take into account the change in aircraft
flight conditions from a difficult state to a catastrophic one. Therefore, the creation of methods for
assessing and predicting the threat of an aviation accident based on direct control of the variation
in the values of characteristics that affect flight safety, using the methods and means of artificial
intelligence, is an urgent scientific problem, the solution of which will make it possible to identify
the immediate causes of an aviation accident and parry them using a safety management system
[1-3]. Flights To solve this problem, it is necessary to create a set of principles, methods and
algorithms, the action of which is aimed at identifying the threat of an aviation accident, its
prediction and countering. At the same time, in order to implement methods and algorithms for
improving aircraft flight safety, it is necessary to explore a new class of organizational and
technical systems - intelligent aviation systems.

Intelligent Flight Control (IFC) is defined as autonomous adaptive control algorithms that can find
non-trivial solutions to control problems using trivial strategies [4]/ There has been a rise in
drones around the world, but integrating drones into current airspace is difficult due to safety
regulations. While conventional civil and commercial aviation autopilots are not adaptive (a
human pilot must act if something unexpected happens), autonomous systems must be able to
adapt themselves to changing circumstances. This is where intelligent flight control systems come
in.
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The effectiveness of the system is determined by the degree of reliability and non-failure
operation of technical means, as well as the professional training of dispatchers and maintenance
personnel. Therefore, to support the actions of the crew when controlling the aircraft, it is
necessary to use an intelligent decision-making system (DSS) as part of the aviation transport
complexes, which allows us to introduce the concept of an intelligent aviation system (IAS). A
distinctive feature of such a DSS, in comparison with the aviation technical system (ATS), is the
presence in it of a control and management complex, the functioning of which is associated with
the detection and elimination of flight accidents that occur under the influence of internal and
external factors on the ground and in the air - the system aircraft safety management.

Statement of a question

The experience of aviation accidents shows that a large number of piloting errors are associated
primarily with situational uncertainty, when the pilot does not understand what actions the
onboard automation systems perform. In this case, intelligent systems come to the aid of the pilot,
in which the term “on-board intelligence” is more used [2]. Onboard intelligence includes the
totality of knowledge used in flight in order to perform a flight task; mathematical, information
and software of the onboard computer; model of crew activity in various (regular and abnormal)
situations. Thus, the active introduction of onboard intelligent systems helps to reduce situational
uncertainty in a dynamically changing flight environment. In addition, in intelligent control
systems (IMS), logical (semantic) information processing prevails over computational, which is
expedient, for example, when analyzing situations and making decisions/

In the process of aircraft (AC) control, the crew performs various functions, which consist in
promptly detecting and understanding the problem that has arisen, identifying rational ways to
resolve it, implementing the chosen method, and monitoring the results of their activities. At the
same time, the lack of the necessary information and the lack of time for its analysis are not the
reason for the pilot to make a certain decision by a certain point in time. The reason for this is that
a person does not have a high speed of perception and processing of information. In addition, it
has a low throughput, a limited reaction rate, a large dependence of functioning on external
conditions and a psychophysiological state, and fatigue during intense and prolonged work [5].

The solution of the problem

Here are just some of the problems that need to be addressed when replacing a pilot with artificial
intelligence:

A large number of emergency situations that cannot be foreseen and described in the algorithm;
The transfer of a person to the status of an operator is dangerous because it is difficult to
determine when to intervene: if artificial intelligence can do routine operations better than a
person, then when faced with an emergency situation, a creative component is needed, which Al
is deprived of;

Significant increase in the cost of infrastructure; it is necessary to increase the number of
information sensors in the operation of systems in the air and on the ground in order to give
artificial intelligence detailed data for making the right decision;

The capabilities of flight control systems can be extended by designing them to mimic the
functions of natural intelligence. Intelligent control functions fall into three categories [6]:
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Declarative actions involve making decisions, providing models for system monitoring, target
planning, system/scenario identification.

Proceedings refer to skillful behavior and have parallels in leadership, navigation and adaptation.
Reflexive actions are spontaneous internal reactions to control and evaluation.

Intelligent flight control systems learn the aircraft and its mission and adapt to changes in the
flight environment. Cognitive models form an effective framework for integrating outer/inner
loop control functions and for developing robust parallel processing algorithms.

To develop an intelligent flight control algorithm, first of all, it is necessary to determine the main
functions of the aircraft performed during the flight [7].. The aircraft is required to fulfill its
mission, which consists of guidance, navigation and flight control. As follows from Fig. 1, the
human pilot can interact with the aircraft at several levels, or its functions can be replaced by
electromechanical equipment.

The aircraft is required to fulfill its mission, which consists of guidance, navigation and flight
control. As follows from Fig. 1, the human pilot can interact with the aircraft at several levels, or
its functions can be replaced by electromechanical equipment.

Human Pllet

W

Decislon Sensory
A Making Regulation Input

e -~

- | Guidance L': Contral | Alrcraft

L]
Estimation je

Mavigation p+

Figure 1. Guidance, Navigation and Control Structure.

During the flight, the pilot performs three different functions:

Perception, regulation and decision making. The accomplishment of these tasks requires various
human qualities from the pilot - the ability to see and feel, the ability to identify and correct errors
between the desired and actual state, and the ability to decide what needs to be done next. The
first one depends on the organism, that is, on the sensors that perceive information, neural
networks, which together connect them in the human brain.

The second function is based on motor functions, which are based on neuromuscular system to
perform certain actions learned during the operation of the object, between stimuli and desired
actions.

The third function requires more formal, introspective thinking about the reasons for taking an
action, drawing on the deep memory of the brain to recall the most important procedures or data.
Perception and regulation are high-throughput tasks that leave little time for deep thinking.
Decision making is a low-throughput task that requires concentration.
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Each of these tasks requires a certain workload on the pilot. Pilot workload has become a critical
issue as system complexity has grown, aircraft cockpit design has become ideal, and aircraft
performance over the entire flight range has become imperative. It was necessary. broadband,
automatic functions, giving the pilot time to deal with unexpected or unlikely events.

On fig. 1 also shows the hierarchical structure for implementing the stability enhancement,
command augmentation, autopilot, and flight control system functions. These functions can be
broken down into reflexive and declarative parts.

The increase in stability is reflexive control provided by the innermost loop, usually implemented
as linear feedback.

Control law that ensures stability and improves transient processes through the Estimation
Compensation block.

The direct control loop provides inputs for a satisfactory response to the command through the
control/compensation block, again using linear models.

A combination of monitoring and evaluation can be used to change the pilot's perceived quality.
Figure 2 shows the flight control block diagram with the addition of new functions. The proposed
structure has subblocks that define declarative, procedural and reflexive functions. They contain
classic GNC (Guidance, Navigation and Control) features plus new features related to decision
making, prediction and learning. The black arrows represent the flow of information for the main
functions of the GNC, while the gray arrows illustrate the flow of data supporting further
adjustments to goals, rules, and laws. Within sub-blocks, higher-level functions distinguish
between conscious, preconscious, and subconscious attributes, not in spite of the philosophical
objections raised earlier, but as a working analog for establishing a computational hierarchy. New
features relate to setting or revising aircraft flight objectives, monitoring and adjusting aircraft
systems and subsystems, identifying changing aircraft characteristics and its environment, and
applying this knowledge to modify the structure and parameters of GNC functions.

The proposed structure has implications for both hardware and software.

€202 ¥0 3NSSI (S0) 9T INNTOA



I
I
o
1Y
<
s}
L
-
7
0
o
e
©
—
L
=
-}
0
o
>

ISSN: 2663-8770, E-ISSN: 2733-2055

I:TM

REFERRED & REVIEWED JOURNAL

Procedural

Declarative

Functions Functions
) T )
Conscious "subiconscious’ eriraﬂ
System g SYNENS
Monitoring Adaptation |-
L] E &
Goal / * \ eflexive Functions
Planning .
Suidanc Control/ Aircraft/ N
Guidance |- Compensiflon Acluators »@sors
“Preconscious’ j j
System/Scenario Estimation/
Identification Compensation
- =
Navigation j

Figure 2. Intelligent Flight Control System Structure.

Monitoring and evaluation

It is assumed that the nominal (desired) flight path A is generated by a higher level intelligence,
such as human intelligence. The process system must follow the path, x*(t) in to <t < tf t.) The
control is carried out by means of a computer at intervals of time (A t.). The perturbation of the n-
dimensional state vector at time tk is Xk, and the perturbation of the m-separate control vector is
Uk..

Linear Quadratic Gaussian (LQG) Discrete Time Control is formed as [8],

uk = u*k .Cg [Tx - X" K] = Cry*k- Cs X3 Q)

where y*k is the desired value of the output vector (defined as Hx Xk + Hy uk ) and X, is the
Kalman filter estimate expressed in two steps:
X (1) = @ % 1 () + Tk

Xp () 2 Xy () = X (0) + K[z — Hobs T (9 2

The forward and reverse control gain matrices are CF and CB,F and I'- are matrices describing the
system state transition, control effect, and predicted aircraft dynamics, The control estimation gain
matrix is K and the measurement vector Z is the state transformation via Hobs The gains Cg and
K are the result of solving two Riccati equations that introduce trade-offs between control use and
state perturbation, and between the strength of random perturbations and measurement errors .
CF, which provides the correct steady-state command response. This command is an algebraic
function of CB, F, and Hobs. All matrices may change over time and K may need to be calculated
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online. Otherwise, it is not necessary that CB and K be optimal (i.e., they can be obtained from
the designation of own structure, the formation of a loop, etc.), although the increase in LQR
guarantees the useful properties of a nominal closed system [8].

Integral compensation, low-pass filtering, and explicit model following can be obtained by
augmenting the system model during the design process. The order of compensation and the
creation of control structures are shown in Fig. 3

Y
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Figure 4. Structured Linear-Quadratic-Gaussian Regulators.

Conclusion

The principles of building an intelligent aircraft control system are considered, which increases
the functionality of the system for its adaptation to a controlled object and helps pilots make the
right decisions when performing important and critical tasks from the point of view of flight
safety in modern aircraft. The work uses methods and tools of artificial intelligence, as well as
autonomous adaptive control algorithms that can find non-trivial solutions to control problems
using trivial strategies.
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ABSTRACT

Robots are increasingly required to perform more complex tasks, which in turn demand advanced
planning algorithms. Task and Motion Planning (TAMP) methods, studied for decades, have
made significant progress but still face various challenges. This document provides an overview
of TAMP's development, encompassing problem-solving, simulation environments, methods, and
remaining limitations. It particularly compares different simulation environments and methods
used in various tasks, offering a practical guide and overview for beginners. Task planning is
typically seen as planning in discrete spaces, while motion planning deals with continuous spaces.
Significant progress has been made in integrating discrete and continuous planning methods to
address TAMP problems. A recent survey has focused on TAMP integration, summarizing
various methods for solving multimodal motion planning and TAMP problems. It introduces
general concepts but primarily focuses on methods that operate in fully observable environments,
which are far from real-world applications. Additionally, it demonstrates TAMP problem-solving
in a theoretical manner that may not be user-friendly for beginners looking to apply these methods
in practice. Therefore, this article aims to provide a practical and broader overview to readers,
facilitating an easy entry into the field of TAMP for solving various tasks.

Keywords: task and motion planning, simulation environment, learning methods, TAMP.

Introduction

With the advancement of manufacturing and software technologies, robots are playing an
increasingly vital role in our society. For example, we can find them in factories to assist or
replace humans in dangerous and repetitive tasks. To enhance our daily lives, they are entering
our homes as autonomous cars, housekeepers, and more. However, their competence in these
tasks is not always convincing because they are not as intelligent as expected. A significant reason
for this is that the human environment is unstructured and dynamic, more complex than the
structured environment of a factory. Consequently, tasks for robots are more challenging in
human environments, such as household chores.

When a robot performs a task, it must first find feasible plans to achieve its goal. Then, while
executing the plan, it must consider the complex and ever-changing surroundings before taking
each step. This process can be generalized into two steps: task planning and motion planning.
Task planning is aimed at computing solvable plans to accomplish a long-term task. It typically
decomposes a long-horizon task into a shorter horizon and elementary subtasks. For example,
when instructing a robot to fetch an item in a room with a closed door, after decomposition, it can
complete the task by solving several simple subtasks, including opening the door, locating the
object, and returning. Therefore, the challenge at this stage is to decompose a complex task into
several simpler subtasks.
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Motion planning, on the other hand, focuses on transforming subgoals into a sequence of
parameters that the robot's software can use to control hardware components to achieve the
subgoal. For example, the task "open the door" is transformed into specific parameters to control
the robot's arm joints in a way that the end effector can touch and push the door. Due to the
constraints of the surrounding environment, it is often challenging to create applicable control
parameters that allow the robot to avoid collisions with other objects.

Although task planning and motion planning may seem to have some similarities in their
structure, they operate in different spaces.

First, let's discuss task planning and motion planning separately. Task planning typically operates
at a higher-level discrete level—state space that provides a global plan, while motion planning
aims to follow this guidance at a lower-level action space.

**Task Planning:** Given an initial state and a global task, task planning is directed at creating a
sequence of intermediate elementary tasks or abstract actions to assist the agent in accomplishing
the initial complex task. Depending on the nature of the tasks, robot actions can be discrete or
continuous. Discrete actions consist of a finite set of options that the agent can choose to apply,
such as moving left or right. Continuous actions are parameterized with values, such as rotating
the robot's base, where there is an infinite range of possible actions. For instance, rotating by 60
degrees clockwise differs from 60.1 degrees clockwise, making the search space much larger in
the latter case.

Researchers in robotics have put in significant effort, and several planning methods have been
proposed, including hierarchical methods, heuristic search methods, operator planning methods,
and more. For a more detailed overview and discussion, you can refer to the introduction of
relevant books. Due to their simplicity and efficiency, these methods are widely used in decision-
making tasks like chess, the Tower of Hanoi, and so on. Instead of manual methods,
Reinforcement Learning (RL) methods learn policies that map observations to subgoals,
maximizing numerical reward signals. By default, these methods learn solutions to individual
tasks, so they do not address the complete planning problem.

**Motion Planning:** Motion planning can be considered a way to bridge the gap between low-
level control parameters and high-level tasks. Given a solvable task, a motion planning algorithm
will generate specific parameters to achieve the given task. For example, in a navigation task,
considering the position of the goal, a motion planning algorithm will create a trajectory for the
robot to follow, enabling it to reach the goal without collisions. Several motion planning
algorithms have been proposed, such as shortest path search methods in navigation tasks or
inverse kinematics methods in manipulation tasks. For a more detailed introduction, you can find
it in planning books by Gallab.

Furthermore, learning methods, especially RL methods, have garnered significant attention for
intelligent motion planning. Some examples can be found in addition to traditional passive motion
planning algorithms. Active motion planners take into account the context of the local
environment before making a plan. For instance, context-dependent cost maps are generated by
integrating several semantic layers, each describing a type of obstacle or constraint, including
moving and static obstacles or hazardous zones. Context-dependent cost map planning can
provide a practical and intelligent trajectory. Moreover, an active obstacle avoidance method is
introduced, where the robot intends to avoid people from its rearward region.
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Task and Motion Planning (TAMP) is the integration of task planning and motion planning. In
other words, it bridges planning in discrete spaces and continuous spaces. We will outline
common issues, and TAMP methods are classified based on whether they utilize deep learning
methods. In this context, where the main focus is on planning methods based on symbolic
operators, we expand its scope to include integrated learning methods for TAMP. Additionally,
we provide a comparison of related global tasks and experimental environments.

Figure 1. Demonstration of Tasks.

(a) Permutation Task: The robot needs to move the green box from the initial pose to the target
area marked by a green circle.

(b) Navigation Amidst Moving Obstacles: The robot must clear the green obstacles before moving
the red boxes into the kitchen area.

(c) Pick-Place-Move Task: The robot needs to select the blue cube and place it into the box with
the green cube.

There are various global tasks for TAMP in human environments, but most of them can be
considered combinations of fundamental tasks. We believe that if TAMP methods can perform
well on these fundamental tasks, they could be generalized to solve more complex global tasks.
The three fundamental tasks are described as follows:

- Permutation (Re): As shown in Figure 1(a), the robot needs to manipulate multiple objects,
enabling it to reach the target object without collisions. Permutation tasks for multiple robots
require collaboration among the robots, which typically occurs when a robot's arm cannot reach
certain regions of the environment due to physical limitations.

- Navigation Amidst Moving Obstacles (NAMO): Unlike a pure navigation task, NAMO requires
the robot to interact with the surrounding environment while navigating to reach a target location.
The interaction aims to actively overcome obstacles, making previously blocked trajectories
possible. An example can be found in Figure 1(b), where the robot must clear obstacles before
entering the kitchen.

- Pick-Place-Move Task (PPM): As depicted in Figure 1(c), the robot's primitive operations
involve picking up an object, moving it, and placing it into a box. Additionally, the PPM task can
serve for assembly and/or disassembly tasks where the order of object manipulation needs to be
considered.

€202 ¥0 3NSSI (S0) 9T INNTOA



I
I
o
1Y
<
s}
L
-
7
0
o
e
©
—
L
=
-}
0
o
>

ISSN: 2663-8770, E-ISSN: 2733-2055

I:TM

REFERRED & REVIEWED JOURNAL

After introducing the global tasks, we will describe TAMP methods aligned with these objectives
in three categories: classical methods, learning-based methods, and hybrid methods that combine
the previous two categories.

**Classical Methods** mainly encompass two types of methods: sampling-based methods and
optimization-based methods. Given a long-term task with descriptions of the initial and final
states, sampling-based methods may sample several useful intermediate states from the
continuous infinite state space. Afterward, search methods are used to find a sequence of valid
operator transitions between these intermediate states. Commonly used search-based sampling
methods include heuristic search, forward search, or backward search. With the sequence of
operators, classical motion planning methods, including RRT-Connect for the robot base and
inverse kinematics for the robot arm, are applied to move the robot from one state to another.
However, sampling methods usually are not complete for all problem instances. Firstly, they
cannot typically identify and terminate infeasible instances. Secondly, the sampling process can
only be applied to the explored space, thus failing to find solutions to instances that require
identifying values from an unknown space. For example, in cases of partial observability, a robot
can only find a path to a way-point within its sensing range. Thirdly, when the task description is
vague (for example, the pouring task, where the goal is to pour as much milk as possible),
sampling-based methods typically fail. As a result, optimization-based methods are proposed to
complement sampling methods. The objective is primarily given in terms of a cost function over
time. An optimization strategy is employed to minimize the cost subject to constraints and
eventually derive feasible solutions. The optimization method is particularly suitable for solving
problems with continuous solutions, as the time axis is directly integrated into the objective
function. This approach is used in manipulation tasks, where the robot selects and places cylinders
and plates on a table to assemble the tallest tower possible. Action sequences are generated using
a straightforward symbolic planning approach, but optimal final and intermediate object positions
are found through optimization. A comprehensive review of sampling methods and optimization
methods for TAMP problems can be found. Additionally, there are some TAMP methods with a
manual strategy component. For example, an active path-clearing algorithm for the NAMO task is
presented. The proposed system combines obstacle classification, collision detection, local
environment reconstruction, and obstacle interaction. To address situations where the obstacle is
unknown, an affordance-based method is developed to help the robot determine whether the
obstacle is movable by interacting with it.

In **learning-based methods**, the robot acquires skills from experience. The most common
framework is Reinforcement Learning (RL), which learns a policy mapping the state of the
environment to actions by maximizing a reward and penalty signal. TAMP problems typically
involve long-term tasks that can be transformed into sparse rewards when the task is completed.
However, exploring the environment by taking random actions requires an excessively large
number of samples until a solution is found. Hence, Hierarchical RL (HRL) has been proposed to
address the sparse reward problem by creating sub-tasks to guide the robot toward achieving the
ultimate task.

The intuitive idea behind **HRL (Hierarchical Reinforcement Learning)** involves developing
and training two networks: one for generating high-level tasks and another for low-level motion
control. The high-level module learns policies over sub-goals, while the lower-level module
learns actions to achieve each sub-goal. Given the task dependency and generalization issues of
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previous methods, an agnostic approach is developed by reformulating the task description.
Instead of using observations from the robot, they use observations from the environment, such as
positions and distances, to reduce task dependency. Training high-level policies and low-level
actions separately lacks the opportunity for joint optimization. Therefore, they describe a joint
training strategy for learning policies at three levels for the navigation task. The top level takes the
current state and generates sub-goals, the middle level decomposes the sub-goal into visible
targets, and the lowest level generates action parameters to reach the targets. However, in the
NAMO task, considering the final position, the high-level network creating sub-goals must not
only generate sub-goals for the robot base but also interaction positions for the arms.
Consequently, an HRL method is proposed to obtain diverse sub-goals so that the robot can
interact with obstacles during navigation. To find the corresponding action for interacting with
different obstacles, a neural interaction mechanism that predicts the action's effect is integrated
into the policy network generation. Although learning methods have achieved satisfactory results
in simulated environments, transferring from simulation to real-world applications is challenging
because the trained models cannot be directly used in real scenarios, and in most cases, they need
retraining in the application environment. For example, in the solution proposed, a trained model
maps sensor data to actions. However, due to the significant differences between environments,
changing sensor data can lead to strange actions. Furthermore, collecting training data in a real-
world environment is costly, so we see few real-world applications based on pure learning
methods.

**Hybrid methods** - While both classical and learning-based methods can solve several TAMP
tasks, they suffer from some limitations. For instance, operators used in sampling methods are
usually manually crafted, which consumes a lot of time and is often highly task-specific.
Learning-based methods avoid manual guidance but offer less flexibility for adding additional
constraints, such as collision avoidance. Additionally, the ability to transfer learning methods
from simulation to the real environment has proven to be challenging, due to the high cost of
building a training dataset and the imprecise representation of the environment, which can be
caused by sensor noise, lighting, occlusions, etc.

Table 1. List of TAMP Methods for Three Tasks.

Classical methods Learning based methods Hybrid methods

[ ] [ ]

Re [ ] [ : [ ]

[ ] [ ] [ ]
NAMO [ ] [ ] [ !
[ ] [ ]
PPM [ ]
[ ] [ |

Therefore, some researchers employ hybrid strategies, such as learning symbolic operators from a
dataset, learning to guide operator search, or learning to create executable sub-goals. Learning
symbolic operators from a dataset provides primitive task planning skills. With these operators, a
common tool like PDDL or its extensions is applied to search for possible plans. Subsequently,
motion planning algorithms can directly transform primitive operators into executable control
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parameters. A controlled learning strategy is introduced to learn symbolic operators from the
training dataset. Each training example contains the current state, action, and the state after
applying the action. The action model is learned by maximizing the probability of the action's
consequences while considering a complexity penalty. To reduce the need for expensive training
datasets, an experiential learning method applies actions to an agent and obtains states through
experience. It then converts continuous states into a decision tree and, finally, into symbolic
operators. Given the immense problem space that encompasses numerous actions and states,
classical search methods are less efficient because the search space is too vast. Instead of
traversing the entire space to find a solution, reinforcement learning methods provide an efficient
way to learn a search strategy through self-experience. A graph is taken as the search space due to
its scalability. Nodes represent abstract actions, and edges represent transition priorities. The Q-
value function is learned from the training dataset to calculate action priorities, which guide
efficient search. In addition to guiding discrete search, in continuous action spaces, a generative
model is applied to generate multiple possible candidates to avoid getting stuck in infeasible
solutions. Similarly, the model is applied to the dataset to learn the success probability. Then, in
the same domain but a new scenario, given an action, the model predicts the success probability.
By choosing actions with higher success rates, the search space is significantly reduced. In
addition to operator-based methods, several methods are proposed for directly creating sub-goals
based on RL methods. With an executable sub-goal in hand, classical motion planning methods
are employed to control the robots. In the NAMO task, the Soft Actor-Critic Algorithm is applied
to generate sub-goals for the arm and the robot base through environmental observation.
Subsequently, RRT Connect and inverse kinematics methods are used to achieve the sub-goals.
Thus, hybrid methods typically apply learning to task planning or part of the task planning
process, with classical motion control algorithms adopted to generate control parameters. This
strategy benefits from better portability to real-world applications than pure learning algorithms
and provides more efficient strategies than classical methods. An overview of the presented
methods for the main tasks is presented in Table 1.

When developing robotic algorithms, validating the results of interactions is an important step.
Testing interaction effects in a real environment is a straightforward approach, but it can be labor-
intensive, expensive, unstable, and potentially hazardous. Therefore, several interactive
simulation environments have been proposed recently to advance robotic research and facilitate
experiments. In this subsection, we compare several interactive simulation environments designed
for navigation and manipulation tasks, including iGibson2 and VirtualHome. We focus on the
type of rendering they use, their suitability for TAMP tasks, and their transferability to a real
environment. The results of the comparison can be found in Table 2.

Table 2: Comparison of Various Interactive Simulation Environments.
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iGibson2 AI2THOR | TDW Sapien | Habitat2| VirtualHome
. . 15 homes | 120 build from 8
Provided environment - - -
(108 rooms) | rooms rooms
Interactive objects 1217 609 200 2346 - 308
ROS support v X X v v X
Uncertainty support v X X P v X
Re + e+ ++++ +H++ +H++ ++++
Supported tasks | NAMO | +4++++ ++ +++ +++ ++ ++++
PPM | +4++++ +++++ ++++ -+ +++++ |
Speed GPU ++ ++ ++ +++ ++++ ++
Sensors ngBD' Li- RGBD RGBD | RGBD | RGBD | RGBD

**|ssues -** Although TAMP methods have been studied for decades, they are still unreliable and
face limitations in practical applications. In this section, we present several possible directions for
improvement.

**Qbservation Uncertainty -** Typically caused by sensor noise, which is inevitable in real-world
applications. There are mainly two types of solutions: (a) modeling the noise and reducing it
through repeated observations, and (b) using learning methods to directly map noisy data to
actions. An operator-based TAMP method is introduced to address observation uncertainty in the
PPM task. Uncertainty arises in the robot's localization and the target object's location. They ask
the robot to observe the object multiple times and use a Gaussian model to approximate
localization noise. Raw sensor data is directly fed into a neural network, aiming to match raw
observation data with action sequences through reward optimization. The approach is
straightforward as it does not require complex process modeling but demands a large number of
training scenes, 30,000 in their experiment. Thus, while previous methods deal with observation
uncertainty, their experimental environment is relatively simple, allowing the robot ample
maneuvering space. This raises questions about their practical implementation in confined
conditions and complex environments for household tasks and their efficiency in finding feasible
solutions.

**Action Uncertainty -** Under the same initial conditions and symbolic operator, an action can
lead to different outcomes. For example, a grasping action may specify grasping an object from
the top or from the side. This ambiguity can result in failure when attempting to place an object
stably. In the PPM task, the robot needs to pick up an item and place it on a shelf, which requires
the robot to choose an appropriate assembly action, as the shelves are closely spaced. They collect
a dataset from which they obtain several types of assembly actions, such as from the side and
from the top. The solution is found through backtracking because the robot could derive the
appropriate assembly action from the target state. However, backtracking requires a complete
observation of the surrounding environment, which is usually not feasible in real-world
applications.

**Contextual Mapping -** Real-world tasks tend to be more complex, requiring the robot to
make decisions considering the semantic information about the environment. For example,
consider the task of building blocks, with various types of blocks and the goal of assembling a
model car. Without considering information about the type or shape of each block and the model
car, the task is impossible to complete. Contextual analysis and mapping can benefit various
domains, including safe navigation, action verification, understanding ambiguous tasks, etc. For
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instance, to ensure safe navigation, situational mapping allows the robot to build an appropriate
danger zone based on obstacle characteristics. The danger zone is relatively small for static
obstacles like walls and tables, but it is larger for mobile obstacles like people and vehicles. In
particular, the shape of the danger zone depends on the direction of motion and the speed of
mobile obstacles.

**CONCLUSION -** This article discusses recent developments in TAMP, including popular
tasks, practical simulation environments, methods, and existing issues. Three fundamental tasks,
including rearrangement, navigation among moving obstacles, and the Pick-Place-Move task, are
described. Furthermore, some popular environment simulators are listed and compared to
facilitate the selection of an experimental environment. Additionally, some TAMP methods are
classified based on whether they use deep learning methods and their tasks, helping readers start
from the ground up according to the arising problems and their foundational knowledge. Finally,
we describe existing issues with the aim of indicating possible directions for exploration.
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ABSTRACT

An overview of industrial revolutions is made. Then the analysis of the fourth industrial
revolution. The main major components of Industry 4.0 are identified, and their essence is
revealed. The tasks of artificial intelligence within Industry 4.0 are also considered. Developed
software in Python language about data and machine learning (ML) to visualize objects and table
data. In order to use the capabilities of Al to the maximum benefit for business, it is necessary to
hire data scientists. Data science combines statistics, computer science and business knowledge to
extract value from various data sources. Developers use artificial intelligence to more effectively
perform tasks that would otherwise have to be done manually, interact with customers, identify
patterns and solve problems. To start working with Al, developers will need mathematical
knowledge and the ability to use algorithms. There are several stages in the development and
deployment of machine learning models, including training and inference. Al learning and
inference refers to the process of experimenting with machine learning models to solve a problem.
For example, a machine learning engineer can experiment with various candidate models to solve
a computer vision problem, such as detecting bone fractures in X-ray images.

Keywords: fourth industrial revolution, artificial intelligence.

Introduction

Much of the world today depends on information. Since without current information it is
impossible to make high-quality management decisions. But the creation of new knowledge from
which information is obtained is still controlled by individuals. So far, there have been several
industrial revolutions (Fig. 1). Industry 1.0 began in Great Britain in the middle of the 18th
century, which is associated with the use of steam energy, the mechanization of the textile
industry and the development of energy technologies [9, 11].

Industry 2.0 began in 1870 and is associated with the application of the principles of the division
of labor, the development of mass production and electricity.

Industry 3.0 began in 1969 with the advent of the first programmable logic controllers and the
development of information technology (IT) and IT systems, computer networks, information
retrieval systems, with the help of which automation and robotization processes began.

The fourth industrial revolution, known as Industry 4.0, will lead to the digital transformation of
the economy, society and the future of humanity in the future. Here, an important role is played
by the massive use of cyber-physical systems in production, the industrial Internet of things
(lloT), three-dimensional printing, nanotechnology, biotechnology, artificial intelligence, and
much more [1, 10].

Naturally, specific technologies and processes may be different. The fifth industrial revolution (or
Industry 5.0) is also emerging, where it will represent a new direction in the development of
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production and society [6, 8]. At the same time, Industry 5.0, based on the bioeconomy, will be a
friendly cooperation between people and intelligent systems such as robots.

Methods. The structure of Industry 4.0 - digital technologies can be given in the form shown in
Figure 2. The main components are: SMART sensors, big data analysis, cloud technologies and
computing, additive technologies (3D Printing), robotics, simulation, augmented reality,
cybersecurity, Internet of Things (loT) [2, 3]. The development of society has a spasmodic
character [5, 7].

SMART (Standards Machine Applicable, Readable and Transferable) sensors provide all the
conditions for successful use in Industry 4.0 applications.

Industry 4.0
. . . (,\Zlyber pkhysical
* Networks
Industry 3.0 . 1IOT
* Computers
* Robotics
Industry 2.0 + Automation
* Electricity
* Assembly lines
Industry 1.0 + Mass productions
* Water power

* Steam power
* Mechanization

Figure 1. Industrial revolutions.

Big data analysis - used for advanced analytics tasks, including in artificial intelligence. There are
various tools for this (special software such as NoSQL, MapReduce, Hadoop, R, etc.),
technologies (Data mining), visualization of analytical data, artificial intelligence and neural
networks.

Cloud computing and computing is the provision of resources from any computer at the request of
a user connected to the Internet.

Additive manufacturing or 3D printing is a method of creating three-dimensional objects.
Robotics or robotics is the automation of production or other processes with the help of robots.
Simulation is an imitation (“simulation modeling”) of any physical process, phenomenon, event
using an artificial mechanical or computer system.

Augmented reality is a human-computer interaction technology designed to add digital elements
to objects from a real external environment.

Cybersecurity is methods and measures to protect against intruder attacks on computer and mobile
device resources.

The Internet of Things is the concept of a network of information transfer between computers.
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To implement the concept of Industry 4.0, it is necessary to organize that individual business
processes go digital [4].

The development of society is spasmodic, which is strongly influenced by the fourth industrial
revolution and the labor market [5]. And in the picture of a colorful future, most of the business
processes will be digitalized and automated, and many processes will be carried out by machines
without human intervention

INDUSTRY 4.0 FRAMEWORK - THE DIGITAL TECHNOLOGIES

Internet

Of Thinks
Location Smart
Detection Sensor
& = 2
‘ " - o}
. 0~ O !
CIOUd- _ Advanced
Computln.g Robotics
Industry 4.0 /
Augmented . _ —co— .- BigData
Reality - Analytics
3D
Printing

Figure 2. Structure of Industry 4.0 - digital technologies.

In the fourth industrial revolution, artificial intelligence plays a special role, which can be
considered its foundation. There are three types of Al:

* Artificial Narrow Intelligence (ANI);

* Artificial General Intelligence;

* Artificial Superintelligence.

An example of an ANI system is a spam filter on an e-mail box.

We have developed software in Python about data and machine learning (ML) to visualize objects
and table data. To run the codes, download the jupyternotebook program. After that, we create
new files and start executing them.

Example. Create a visualization for the color and size of an array organized from 100 random
table values.

Solution. The code and graph, using Al, will be like in Fig. 3 and 4, respectively.
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import matplotlib.pyplot as plt
import numpy as np

X = np.random.randint ({100, size={(108))

¥ = np.random.randint (166, size=(160))

colors = np.random.randint(160, size=(100))
sizes = 10 * np.random.randint (106, size=(100))

plt.scatter(x, y, c=colors, s=sizes, alpha=©.5, cmap='nipy spectral"’)
plt.colorbar()

plt.show()

Figure 3. Visualization code for array color and size.

100 4

80 -

60 A

[ AEEAEAL T 1

20 1

0 20 4'0 6'0 8'0 1(')0
Figure 4. Render Graph for Array Color and Size.

Another important part of the new - the fourth industrial revolution, i.e. Industry 4.0 can be called
the "Internet of Things". This term was proposed in 1999 by the British scientist C. Ashton. loT
can be characterized as a convergence of the virtual and real worlds: material objects (i.e. things),
interacting with each other, organize a kind of network.

Conclusion
On the threshold of a new era, when Al and Industry 4.0 will change our future life, where many
traditional jobs will be replaced by robots and automation, there will have to be a transition to
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new types of human employment. Also, with the development of innovative information
technologies, automation, robotization, and at the same time the emergence of new forms of
management, it is necessary to effectively plan and take into account the social, economic and
environmental aspects of the country's development. It is becoming increasingly difficult for
companies to attract and retain a skilled workforce. Filling positions that require digital and/or
interdisciplinary skills seems especially challenging. And so, we need to consider the
consequences of these things both in business and in human resource management.

REFERENCES

1.

2.

10.

11.

Knayc [1IBa6. UeTBepTas npombiliuieHHas peBononus. - M.: U3narenbctBo: Dkemo, 2021
r. — 208 cTp.

Opuk Hledbdep. Hnnyctpus X.O. I[lpeumymiectBa UUGPOBBIX TEXHOJIOTHH IS
npousBojcTBa. — M.: M3narenscrBo: Touka, 2019 r. — 320 cTp.

Teio bnymmapr, Credpan Ban nen bpyk, Opux Kontod. UerBepras mpoMbllIeHHAS
peBosroniust 1 6usHec. Kak KOHKypHpoBaTh U Pa3BUBATHCS B 3MI0XY CHHTYJISIPHOCTH. — M.
2019 r. — 150 ctp.

[Mutep Baiin, Credanun Bopuep. LudpoBas Ttpanchopmanms Ousneca. V3meHenue
OM3HEC-MOJCIIH ISl OpraHU3alMKi HOBOTO MmokojeHus. — M.: 2019 r. — 260 ctp.
Bloommart T., Brook S. van den, KoltofE. Chetvertaya promyshlennaya revolyuciya i
biznes: kak konkurirovat’ i razvivat’sya v epohu singulyarnosti [The Fourth Industrial
Revolution and Business: How to Compete and Develop in the Era of Singularity].
Moscow, Alpina Pablisher Publ., 2019. - 204 p.

Alkhatib R., Lebdy R. (2021), “Digital manufacturing and the Fifth Industrial
Revolution”, Analyzing Future Applications of Al, Sensors, and Robotics in Society,
edited by T.H. Musiolik and A.D. Cheok, IGI Global, Hershey, PA, pp. 69-86.

Buldygin S.S. (2017), “The concept of the industrial revolution: from appearance to the
present day”, Tomsk State University Journal, no. 420, pp. 91-95. (In Russian).

Demir K.A. and Cicibas H. (2019), “The next industrial revolution: Industry 5.0 and
discussions on Industry 4.0”, Industry 4.0 from the MIS Perspective, edited by S.
Gulsecen, Z.A. Reis, M. Gezer, C. Erol. Peter Lang GmbH, Internationaler Verlag der
Wissenschaften, pp. 11-14.

Khalimon E.A. and Geokchakyan A. G. (2021), “Economic management from the
perspective of scientific and digital labor organizations”, Vestnik universiteta, no. 2, pp.
130-135.

Kurapov D.A., Konusova A.A. and Khalimon E.A. (2021), “Analysis and evaluation of
measures taken at the federal and regional levels of government for the exit of the Russian
economy from the pandemic”, Vestnik universiteta, no. 2, pp. 109— 116.

Demir K.A., Cicibas H. (2019). The next industrial revolution: Industry 5.0 and
discussions on Industry 4.0 // Industry 4.0 from the MIS Perspective / edited by S.
Gulsegen, Z.A. Reis, M. Gezer, C. Erol. Peter Lang GmbH, Internationaler Verlag der
Wissenschaften. Pp. 247-260.

€202 ¥0 3NSSI (S0) 9T INNTOA



I
I
o
1Y
<
s}
L
-
7
0
o
e
©
—
L
=
-}
0
o
>

ISSN: 2663-8770, E-ISSN: 2733-2055

~ ETM

REFERRED & REVIEWED JOURNAL

DOI: 10.36962/ETM16042023-34
DESIGNING THE CONTROL SYSTEM OF THBIP-l HUMANOID ROBOT

IKifayat Mammadova, 2 Zeynal Nasibzade

Assistant Professor, Department of Computer Engineering, Azerbaijan State Oil and Industrial University,
Email: ka.mamedova@yandex.ru

2Master's Student, Department of Computer Engineering, Azerbaijan State Oil and Industrial University,
Email: nasibovzeynal@gmail.com

ABSTRACT

This article presents a method for planning the static position of THBIP-I (Tsinghua Biped
Humanoid Robot) and a control strategy for its execution. The robot includes a head, torso, two
arms, and two legs, with a total of 32 degrees of freedom. This project aims to enable the robot to
perform static walking in various environments as an independent humanoid robot. Firstly, the
mechanical structure and control architecture of the robot are determined. Secondly, a method for
creating a static position based on the optimization of the supporting foot is presented, and a
control strategy consisting of a combined controller and sensor feedback regulator is described.
Navigation experiments demonstrate the robot's ability to maintain a static position, perform
desired directional motions, and ascend/descend stairs.

Keywords: humanoid robot, control system, regulator, THBIP-1I robot, Humanoid Walker
Training model

The purpose of the work

The main goal in the development of humanoid robots is to replace humans in tasks that are
dangerous or repetitive. There are several powerful bipedal humanoid robots created by various
research groups worldwide [1,2]. Researchers at Waseda University have a long history of
working on bipedal humanoid robots since 1969 and have created the anthropomorphic robot
Wabian. This robot has 35 degrees of freedom and the ability to reuse pre-recorded trajectories
[3,4]. After 10 years of research, Honda Corporation created humanoid robots P2, P3, and Asimo.
These robots can perform complex tasks such as walking on a flat surface, turning,
ascending/descending stairs, maintaining balance, and pushing objects in three-dimensional
space. The control method of Honda's robot involves planning pre-recorded trajectories using
Zero Moment Point (ZMP) and executing them with sensor-based feedback control [1,2]. In the
year 2000, a French group developed the BIP-2000 robot, which has 15 degrees of freedom.

From an engineering perspective, the integration of the computer system, the design of sensor
systems, and the mechanical design of the humanoid robot involve several aspects. Building upon
the aforementioned robots, our research combines three main components [5,6]: analysis of
human locomotion through energy analysis, preparation of an experimental humanoid robot
platform, and the study of natural dynamic locomotion and balance control.

In Fig.1 shows prototypes of the robot with 32 degrees of freedom. The robot has a height of
170cm, weighs 140kg, and has 6 degrees of freedom in its legs, 7 in its arms, and 2 in its hands
and neck. With these configurations, the robot is capable of maintaining stability on a flat surface,
ascending/descending stairs, and grasping small objects. The robot with these configurations is
shown in Fig.2. Each joint of the robot is actuated by Maxon Electronics’ DC motors. To perceive
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the surrounding environment, two CCD cameras are installed on the robot's head [7,8]. To
measure ground reaction forces and calculate the Zero Moment Point (ZMP) position, six-axis
force and moment sensors are placed on the feet. To implement feedback control, a gyrometer
and an accelerometer are installed on the robot's body to measure its posture and body position.
The control of the robot in uneven terrain conditions is necessary [9-12].

Dirsak
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Figure 1: THBIP-I humanoid robot [1,8] Figure 2: THBIP-I robot with DOF
configuration [1,8]

Technical Architecture of the Control System

The control system of the THBIP-I humanoid robot is based on a parallel multi-computer
architecture and is divided into four components: Remote Brain Work Station (RBW), Mobile
Controller (MC), Distributed Control Units (DCU), and Sensor Processing Unit (SPU). The RBW
subsystem is responsible for path planning and teleoperation of certain complex motions that
cannot be autonomously controlled by the robot body. The Mobile Controller (MC) is a laptop
computer mounted on the robot, serving as the decision-making unit for the robot. The MC
collects environmental information through sensors and generates compensatory trajectories
based on pre-recorded trajectory data. As shown in Figure 3, the RBW and MC are connected via
wireless Ethernet, while the CCD (charged-coupled device) cameras are connected to the MC via
a USB cable.

The Distributed Control System is divided into two levels: high-level control and low-level
control. The High-Level Control consists of two PC104 embedded computers, responsible for the
upper and lower body respectively. The Low-Level Control consists of 11 PID servo control
systems. Each servo control system is a dual-CPU computer system and is dedicated to
controlling approximately three or four joints. The PC104 and servo control systems are
connected through a Controller Area Network (CAN) cable, and the two PC104 systems are
connected to the MC via a 10M Ethernet cable.
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In addition to these four subsystems, the power management subsystem controls the power
supply from the battery to the control system and electronic devices. In Fig.3, we use a yellow
line to represent power and a blue line to represent signals.
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Figure 3: Control system diagram [6].

The configuration of the servo control system is shown in Fig.4. It consists of CPU1 connected to
the PC104, which generates data signals for the four integrated PID controllers.
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Figure 4. Servo control system [11-13].

Due to the wide bandwidth, the high-level control generates a group of trajectory data at 50 Hz,
while the low-level PID control by CPU2 operates at a frequency of 500 Hz. To store the
interpolated data, a dual-ported RAM is used between CPU1 and CPU2. Flash memory is utilized
to store the PID schemes, and resident programs running on CPU1 and CPU2 can modify control
parameters in the RBW without moving any actuators or loading the servo control system.
Currently, the CPUs in the Servo Control Section are ATMEL 89c¢55, and a BIOS program is
being developed for the servo control system based on DSP (Digital Signal Processor) for
complex control schemes.
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Designing the Lower Body of the Robot

Controlling the walking and stability of a humanoid robot is crucial. Within our knowledge, they
can be categorized into two main approaches. Many of them utilize pre-recorded joint trajectories
and sensor data for online control strategies. Others employ heuristic control schemes. Initially,
we follow the first approach in our robot, where we use the same methodology and incorporate it
into our control system for dynamic walking in the future. Initially, we employ the same
approach in our robot, without considering the motion of the upper body. In Figure 5, the model
of our robot is shown in the sagittal and lateral views. Assuming that the time period for a step is
T, the k-th step occurs between kT.- and t=kT.-, where k = 1,2,... For simplicity, we assume

that the step at position k starts with the left foot lifting off the ground at (k + 1)T,, k=1,2,...-and
ends with the left foot touching the ground at t = (k+ 1)T. D_step represents the length of one
step. Ha,, Tarepresents the Z coordinate of the highest point of the swinging foot at time, T,
Xnqindicates the body position at the end of the double support phase. Xys period represents the
angle 6, of the ankle joint.

To control balance, we utilize the ZMP (Zero Moment Point) Critic method proposed by
Vukobratovic.

n n n
Zm,(;‘, +g.)x, - Zm,(.i‘, +g.)z, - Z l, o,

" - =0 i=0 i=0

e T n
Zm,(i‘, +g.)

i=0

i m(z,+g.)y, — im,(j", +g.)z, + Z 1.0,

=0 [=() (=0

im,(':', +g.)

1=0
Firstly, the foot trajectories are generated based on the study of human posture. Then, the
parameters of the foot are adjusted to bring the ZMP closer to the center of the support polygon.
Finally, the inclination angle between the floor and the support surface can be modified to reduce
the velocities of the contacts, resulting in a significant reduction of the pitching moment. In
addition, we plan the 3D smooth trajectory separately in the horizontal and vertical planes, and

Your =
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the horizontal motion occurs only during the double support phase. The implementation of the

N static posture model of the humanoid robot is carried out in Simulink (Fig.5).
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Figure 5. Realization of the static walking model in Simulink

The example in Figure 6 is based on a model of a humanoid robot (Fig.6).
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Figure 6. Computer model of a humanoid robot.

The unified control model utilizes a stiffness-based proportional-derivative control system for
each joint. In this system, the stiffness (K) and damping (B) coefficients are employed. The
torque is applied when the deviation (0 - 6o) of the current joint position from the desired position
exceeds a certain threshold.

T =BO +K(60 — 0).

The adjustment point 8o can be modified to control the movement of the legs and create a
coordinated response in a unified manner. The Simulink model of the control system is illustrated
in Fig.7.

Torso Sensing P Torso Sensing
Contral Input P Control Input n
Torque | D B [A] Joint Torques  Reward —@
) ) = ==
Pattern Generator Joink Senehng g’ z Reward
Joint Control .& P Joint Sensing

Data Processing

Physical Model

Figure 7. Feedback control circuit.

The purpose of the example "Humanoid Walker Training" is to teach a humanoid robot to walk,
and various methods can be used to train the robot. In the example, a walker training model for a
humanoid robot using a genetic algorithm is shown (Fig.8).
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1) +_ P{Stiffness + EIB\)F
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Figure 8. Humanoid Walker Training model

The objective function of motion is used in this example to evaluate different styles of motion.

Iy = W]lvy +w2ts — w3p — w4 Az —wj Ax
vy represents forward velocity; p represents energy consumption; Az represents vertical

relative |mportance of each term participating in the objectlve function ry.
Therefore, the overall result (R) of the motion can be expressed as:

T
R ZZI‘t
t=0

Here, T represents the time at which the simulation ends. We can modify the weights of the
objective function in the sm_humanoid_walker_rl_parameters script. The simulation is stopped
when the simulation time is reached or when the robot falls. Falling is determined as follows:

- The robot falls below 0.5 m.

- The robot moves more than 1 m sideways.

- The robot's body tilts more than 30 degrees.

Genetic Algorithm Training - Genetic algorithms can be used to optimize the robot's gait. Genetic
algorithms solve optimization problems based on the imitation of biological evolution and natural
selection processes.

Overall, the goal is to use genetic algorithms to find the optimal gait for the robot.

The model determines the cyclic demand of each component in a circular manner [2]. This type
of allocation represents a cyclical control. The periodicity of the signals is the step period, which
indicates the time required to complete one full step. In the best case scenario, the humanoid
robot is symmetrically positioned (Fig.9). The control pattern of each component of the right leg
is transferred to the corresponding component of the left leg with a delay of half of the step
period.
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Figure 9. Humanoid robot model

To train the robot using genetic algorithms, we open the sm_humanoid_walker_ga_train script
(Fig.10). In this example, a pre-trained humanoid walker is used. To train the humanoid walker,
we set the value of the trainWalker variable to true.
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Figure 10. sm_humanoid_walker_ga_train script.
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Conclusion

In simulations, the vibration of the body is affected by the ground speed. Therefore, the robot can
only achieve slow-speed static walking. We are working on a robust control scheme and using a
tethered platform to control the upward and downward contraction forces of the leg.
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CREATING A HIGH-PERFORMANCE HADOOP CLUSTER CONSIST OF
WEAK COMPUTERS WITHIN THE ORGANIZATION
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ABSTRACT

Knowledge of practical methods of processing large amounts of data is akin to black magic. There
are many tools and techniques for scalable data processing, in particular, caching (for example,
using the mem cached program), replication, partitioning and, of course, Map Reduce/Hadoop.
Hadoop is an open source framework that implements the Map Reduce distribution and reduction
algorithm, which underlies Google's approach to organizing queries to distributed datasets that
make up the Internet. This article is intended for programmers,

architects and project managers involved in processing large amounts of data offline. It will
describe how to get a copy of Hadoop, how to organize a cluster and how to write analysis
programs. We will start by applying Hadoop in the default configuration to solving a few simple
tasks, for example, analyzing changes in the frequency of occurrence of words in the corpus of
documents; this will help to understand the basic ideas of Hadoop and MapReduce. Next, we will
move on to the basic concepts of MapReduce applications developed using Hadoop, and along the
way we will study the components of the framework, the application of Hadoop to a wide range
of data analysis tasks and numerous examples of Hadoop in action.

Keywords: big data, cluster, Hadoop.

Introduction

It is well known that not every employee in the company has a robust computer. After a while, the
number of underutilized and unreliable computers starts to rise. Weak PCs can be connected over
a network to address this issue. A cluster is a collection of servers and other resources that work
together as one system in a computer system to provide high availability, load balancing, and
parallel processing. It is a cluster-based system that can be as small as two personal computers
(PCs) or as large as a supercomputer. Target devices are first chosen and linked to the same
network for this. One of the machines is designated as the administrator at this point. The
development of a central command structure that offers.

Hardware and software to set up the cluster

Having computers and a network infrastructure to connect them is essential in the initial stage.
For this, a hub and LAN cables with at least as many ports as the number of devices are required.
It's crucial to be able to manage the computers from a central location using SSH after installing
any Linux-based operating system on the computers (the cluster in use at the time used Ubuntu).
Hadoop It is a Java platform used in servers that hold enormous amounts of data.

MapReduce is a programming algorithm used by Hadoop that is offered by Google. Hadoop is
now widely used by large brands to process their massive data. For instance, consider Facebook,
Yahoo, Netflix, and eBay. Architecturally, it is made up of 4 main parts.
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*MapReduce

*HDFS (Hadoop Distributed File System)

*YARN (Yet Another Resource Negotiator)

*Common Utilities vo ya Hadoop Common

1. MapReduce

An algorithm or data structure based on the YARN platform is called MapReduce. Hadoop runs
incredibly quickly because to MapReduce's parallel implementation of distributed processing on a
Hadoop cluster. With huge data, sequential processing is no longer used. MapReduce is a
combination of the words "map" and "reduce,".

The input data is supplied to the Map() function, as seen in the picture. Here, data blocks are
divided into lists of index-value pairs using the Map() method. The Reduce() method is then given
its output as input. These dispersed lists are combined by index using the reduce() function.
Following that, it carries out specific operations like sorting and aggregation and outputs the
outcome. Depending on company needs, data processing is always done in Reduce.

2. HDFS(Hadoop Distributed File System)

Based on a shared file system, HDFS is made to function with cheap device clusters. A file
system called HDFS gives data precedence over bigger blocks. The issue is that whereas a file
block in Linux OS is 4KB in size, it is 128MB in HDFS. The DataNodes contain these.
Information (metadata) about the data in all DataNodes is stored on the host called NameNode.No
matter the size, Hadoop divides a file into 128 MB pieces. A 500 MB file, for instance, is split up
into 4 pieces. The last block has 116 MB, whereas the first three blocks each contain 128 MB.

500mb

I
| l

[A =128MBJ =5 [B=128MB J:[b[cazams J:D: [D =116MB ]

Figure 3.

3. YARN(Yet Another Resource Negotiator)

YARN is the framework for running MapReduce. YARN manages task allocation and resource
management.

4. Common Utilities vo ya Hadoop Common.

Hadoop common or Common utilities are Java libraries and Java files. Scripts written in Java and
used by HDFS, YARN, and MapReduce to run the cluster.

Setting up the cluster
We performed the following steps to install the Hadoop system.
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1. Ubuntu operating system installed on all computers.

2. Computers are assigned a static IP address and then an ssh connection is established between
them.

3. Hadoop platform installed and tested on all computers

-'I’E- S‘II E'O
Disk usage of each DataMode (%)

In operation

Show| 25 v | entries Search:

Last Block
Last Block pool
Node Http Address contact Report Capacity Blocks used Version

+ nodel: 9866 vttp:finode1:9864 2s 30m 227.68 GB ' 5 560.4 ME 321
[172.17.64.54:0866) (0.24%)

+ node: DBG6 nttp:/inodeZ: 9864 35 30m 227.68 GB ' 5 569.4 MB 3il
[172.17.64.2 36:9866) 10.24%)

Showing 1 to 2 of 2 entries v Next
Figure 4. Hadoop interface.

As you can see from Figure 4, in the first stage we connected two computers to the network and
made them members of the Hadoop platform. With this, our data is placed on all nodes with the
help of a distributed file system. As a result, we keep a true copy of our data and can more
optimally respond to incoming requests. As can be seen from the picture, there is currently 569.4
MB of data in the system. Analysis of this data and the performance difference with traditional
databases will be discussed in the next section.

Conclusion

We implemented the Hadoop system by connecting computers with small resources within the
organization over a local network. As a result, we built a high-performance cluster using the
resources we had instead of buying huge supercomputers. We are currently conducting data
processing processes on this cluster with a group of colleagues. Considering that the number of
devices may increase, we can say that the stability and reliability of the system may increase. In
the next step, for security reasons, we plan to interconnect these devices in a closed network in a
room and localize the data processing.

REFERENCES

1. Hadoop Cluster Deployment: A Methodological Approach - Ronaldo Celso Messias Correia,
Gabriel Spadon,Pedro Henrique De Andrade Gomes

2. Tolhit — A Scheduling Algorithm for Hadoop Cluster - M. Brahmwar, M. Kumar, G. Sikka

3. An overview of the Hadoop/MapReduce/HBase framework and its current applications in
bioinformatics - Ronald C Taylor

4. Addressing big data problem using Hadoop and Map Reduce - Aditya B. Patel; Manashvi Birla;
Ushma Nair




ISSN: 2663-B770, E-ISSN: 2733-2055

* "ETM

REFERRED & REVIEWED JOURNAL

5. Data analysis using hadoop MapReduce environment - PrathyushaRani Merla; Yiheng Liang
6. Hadoop: The Definitive Guide - Tom White.

€202 ¥0 3NSSI (S0) 9T INNTOA




I
I
o
1Y
<
s}
L
-
7
0
o
e
©
—
L
=
-}
0
o
>

ISSN: 2663-8770, E-ISSN: 2733-2055

I:TM

REFERRED & REVIEWED JOURNAL

DOI: 10.36962/ETM16042023-48
IRRIGATION SYSTEM PROBLEM BASED ON Z-INFORMATION

Lala Zeinalova
Associated Professor, Doctor of tech. sciences, Department of Computer Engineering, Azerbaijan State Oil and
Industry University, Azerbaijan. E-mail: zeynalova-69@mail.ru

ABSTRACT

In this paper an automatic intelligent irrigation system is considered. Irrigation regimes for
agricultural crops provide the determination of scientifically based norms of irrigation, depending
on the soil, physiological, climatic and technical characteristics of the irrigated array. In modern
irrigation systems, the parameters of irrigation regimes are calculated similarly to traditional
methods. But to solve the problem of efficient irrigation, it is necessary to take into account the
weak formalizability, which makes it difficult to use accurate mathematical models to describe the
control system. The solution of this problem would be partially possible if there were a large
number of qualified experts who, taking into account the linguistic nature of the variables, are
able, using their experience without constructing any dependencies, to determine the optimal
irrigation rates. In the absence to date of such reference experts in intelligent irrigation planning
systems, mathematical models based on Soft Computing should come forward. Our model is
based on Z-information as an important qualitative attribute of information on which decisions are
based is its reliability. The concept of Z-number relates to the issue of reliability of information,
especially in the realms of decision analysis. Z-number valuations, take into account the
uncertainty of the experts™ opinion in estimation of the options.

Keywords: Z-numbers, uncertainty, reliability.

The purpose of the work. The solution of the problem of irrigation based on Z-information.

Introduction

In the last century, water infrastructure has been developed taking into account the growing
demand for agricultural products in Azerbaijan Republic. International experience shows that the
priorities for achieving efficiency in irrigation agriculture depend on the level of economic
development of the country, the degree of development of science, the existing potential of highly
qualified personnel. Methodical approaches and problem solving methods for systematic
evaluation of irrigation and melioration systems should be adapted to the current situation. The
main characteristics of the measurement quality are accuracy and reliability. Increasing the
accuracy of the measurement due to the reduction of its error is technically difficult, expensive
and laborious. Therefore, the level of accuracy to which one should strive is determined by the
criterion of expediency, which depends on specific conditions and the purpose of measurements.
Various methods including using of fuzzy logic, have been developed to make an automatic
irrigation design. For example, a fuzzy logic controller was suggested for drip irrigation system in
Qatar. The following parameters were used in fuzzy rules for decision making in Mamdani model:
soil moisture, water consumed, solar radiation, and temperature [1]. Fuzzy Logic is used in [2] for
the evapotranspiration, that takes into consideration recent rainfall, humidity, radiation, and a crop
coefficient. Authors in [3] used fuzzy logic for the automatic control of water pumps.
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In this work we consider the automatic irrigation system based on Z-information. In [4] Zadeh
introduced the concept of Z-numbers to describe the uncertain information which are more

generalized notions. A Z-number is an ordered pair of fuzzy numbers (A,R). Here A is a value

of some variable and R represents an idea of certainty or other closely related concepts, such as
sureness, confidence, reliability, strength of truth, or probability [5]. It should be noted that in
everyday decision making most decisions are in the form of Z-numbers, for example:

(Probability of the state of nature, big, not sure)

(Outcome of the state of nature, medium, very likely)

Zadeh suggests some operations for computation with Z-numbers, using the extension principle
[4]. This theme was extended in [5]. It was shown how to use these Z-numbers to provide
information about an uncertain variable in the form of Z-valuations, assuming that this uncertain
variable is random. In [5] author offers an illustration of a Z-valuation, showing how to make
decisions and answer questions. Also an alternative formulation is used for the information
contained in the Z-valuations in terms of a Dumpster-Shafer belief structure that made use of
type-2 fuzzy sets. Simplified version of Z-valuation of decision relevant information is considered
in [6]. Z-number theory was applied in a lot of problems, for example, a linear programming
problem [7], the approximate reasoning problem [8], where the approximate reasoning with Z-
rules was considered and etc. The paper is organized as follows. In Section Il we present required
preliminaries, formulate a statement of the problem and present a method used to solve it. In
Section Il we cover application of the suggested method to a real-life irrigation problem.
Concluding comments are included in Section IV.

Problem solution.

Definition. A Z-number [3]. A Z-number is an ordered pair of fuzzy numbers, (;&, ﬁ). A-is a

fuzzy restriction on the values which a real-valued uncertain variable is allowed to take. Ris a
measure of reliability of the first component.

Let the input and output variables for evaporation model are represented as Z-numbers. We will
denote input variables: soil moisture as Z__, solar irradiance as Z_., air temperature as Z_,, air

sm? si? at?

humidity as Z,, and output variable — pump voltage as va.We use such model because pump

voltage impacts directly on the rate of flow of water [3]. An increase of pump voltage will
decrease the rate of flow of water. We use three linguistic terms for each of the inputs: low,
normal, high for soil moisture (Z V4 Z aninigny ); dim, normal, bright for solar

Z~si(bright) ); cold, normal, hot for air temperature

sm(low) ' “~sm(normal)

irradiance ( Zg g, Z

si(normal) ?

(Z ateotdyr Zatioomaty» Zacghon ): 10W, normal, high for air humidity (Z,, 0., Z Z anrigny) @nd

ah(normal) ?

pv(very low) )’ low (va(low) )l

). We can represent the first and the

five linguistic terms for output variable —pump voltage: very low (Z
normal (va(normal) )’ hlgh (va(high) )’ Very hlgh (va(very high)
second components of inputs and output as following:

1 va A 51
sm(low) (&m(low)’ 1) Zsm(normal) (Km(normal)’ ij)’ Zsm(high) = (Asm(high)1 R13)
31 31 5 A 51
Zsi(dim) = (A%i(dim)v R21)v Zsi(normal) = (AEi(normanf Rzz)a Zsi(bright) = (Agi(bright)' st)
va s 51 va A 51 va A 51
Zat(cold) = (Aat(cold)’ R31)1 Zat(normal) = (Aat(normal)' Rsz)’ Zal(hot) = (Aal(hot)’ Ras
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Z~ah(lovv) - (Aah(low)’ ﬁil) ~ah(normal) - (Aah(normal)’ ﬁiz) ~ah(high) - (Aah(normal)’ ﬁis)
Z et = (B oy R Zuton = Bovtionr RO+ Z ygnermaty = Arugrormany R
ZDV(hIQh) (ADV(hlgh)’R )” pv(very high) (Apv(very hlgh)'R)
where R; ={(x pt (¥)): x€[0,1]}, i=1...4,j=1...3 and R? ={(y, 1, (¥)):y [0,1]}, k=1...5,
represented by trapezoidal and triangle fuzzy numbers as shown in Fig.1.
#oy Lagd sz (x) sz (%)

| ] pemmsma:

I
I
o
1Y
<
s}
L
-
7
0
o
e
©
—
L
=
-}
0
o
>

Figure 1: a) A-part for input and output variables; b) R- part for inputs and; c) R-part for output

To convert the given Z-numbers to fuzzy numberst we determine the expected values of fuzzy
numbers R, and R, describing reliability of variables of outcome and probability:

~ ijF;l (x)dx
o _—fﬂﬁl (0dx 1)
_ [ymg )y 2
[ 1, (y)dy

A :(\/a_lxai,\/a_lxaz,\/;lxas,\/a_lx%ﬂ) (3)

The mathematical m odel of this system is the following [3]:

Pump voltage is inversely proportional to the rate of flow of water and is proportional to (Solar
Irradiance x Air Temperature) / (Soil Moisture x Air Humidity).

We can construct our linguistic rules based on this mathematical model.

Application
We apply the suggested method in a problem of intelligent irrigation. Let the R parts for inputs
and output are equal to R=(0.6, 0.7, 0.8; 1) and are shown in Fig. 2:




’ (’ ISSN: 2663-8770, E-ISSN: 2733-2055
3 E I M
/ REFERRED & REVIEWED JOURNAL

1

09r

0gr

07r

06

0sr

04r

03r

0z2r

01r

il 4 4 4 1 i I 4
0 0.1 nz 03 04 05 0B 0OF 08 09 1

Figure 2. The R —parts for Z-numbers of inputs and output

The A-parts of Z-numbers for inputs and output are given as
Aomy =[-36 4 20 35], Ay, yormary =[20 40 40 60], A, 50y =[45 60 104 136]

Ay gimy = [-360 -40 350 5001, A, (ormary =[350 500 500 675], A1y =[500 675 1040 1360]
Aoy =[-18 -217.522.5], A, ey =[17.522.5 22,5 27.5], A, oy =[22.5 27.5 52 68]
Asiowy =[-36 -4 35 50], A, nomary =[35 50 50 70], A, ign =[52.5 70 104 136]

A =[-2.43-0.27123.3],, A, =[23.33.35],, A =[3.3557],

pv(very low) pv (low) pv(normal)

Ayuihign =[5 7 7 10],, A

pv(very high)

=[71011.113.2]..

We convert the value of fuzzy reliability into a crisp number based on (1)-(2):

J.X,uﬁ (x)dx
o =a,=—"—=0
[ 12, ()0

Our rule base consists of 3 x 3 x 3 x 3=81 linguistic rules.

Pum Hlu:lrtage
I

1000 K
100

Sularlrradiance

Su:uilmu:uisture
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Figure 3. Surface graph.

From Fig. 3 it is clear that, for example an increasing of solar irradiance will increase pump
voltage and, consequently, will decrease the rate of flow of water. We can analyze the surface
graph relatively to other input variables. It allows us to make a control system for irrigation more
effective.

Conclusion

In this paper we constructed the irrigation control system based on Z-information. An important
qualitative attribute of information on which decisions are based is its reliability as it allows to
take into account a degree of experts qualification. This solution provides us a better precision.
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ABSTRACT

Digitization of education is a significant trend for reform and modernization in the global
education environment. Digitization refers to the conversion of various information sources, such
as texts, sounds, images, and videos, into digital language. Several analysts, including Tim
Berners-Lee, the inventor of the World Wide Web, consider the emergence and growth of online
education as a pivotal moment in the history of education. The European Union has adopted a
digitalization approach to education. The EU 2020 education development plan focuses on digital
technology, which was adopted in 2014. The primary goal of this document was to make effective
progress in the field of information technology by integrating modern technologies and using
technology alongside education. After conducting a comparative analysis of the existing
conceptual apparatus, we have identified several fundamental concepts related to this problem
area. Text, graphics, and multimedia information placed on Internet sites (servers) are commonly
understood as Internet resources. This information is delivered to the user's computer in the form
of a set of files or documents (including an archive) in various formats, such as HTML, DOC,
PDF, and TXT. Internet resources also encompass executable programs placed on servers
(distribution), which can be transferred to the user's computer for further use upon request. This
article discusses how the concept of Internet portals is being used to address this problem, which
is relevant across all areas of human activity influenced by the Internet. By creating a unified
platform that aggregates and organizes educational resources, Internet portals can significantly
enhance the accessibility and effectiveness of education.

Keywords: Internet resources, effectiveness of education, digitization.

Introduction

Internet resources can be classified into two broad categories related to the educational process.
The first category includes resources designed for use in education, such as teaching,
methodological, scientific-methodical, and additional text and illustrative materials, as well as test
systems. These resources are tailored to a particular subject area and educational level. The
second category includes resources that provide information on the educational system,
educational institutions, or educational bodies, such as legal, regulatory, statistical, and reference
data. These resources are not intended for use in the educational process but are aimed at
providing information on the education system as a whole. The rapid development of the Internet
and related technologies has created a pressing need for a single integrated system that provides
free and fast access to educational resources to large groups of people. This issue is of utmost
importance in education, which is a key driver of social development. To meet the diverse needs
of various user groups, it is necessary to integrate information resources, applications, and
services from various sources. Before formulating our own concept of creating educational online
resources, let's analyze the scientific works that discuss the conceptual basis of creating online
educational resources. In their "Concept of creating a system of Internet portals in the field of
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education", Russian scientists A. N. Tikhonov and A. D. lvannikov proposed a theory for
developing a methodology to populate the catalog of Internet resources, which is the main
information component.

Methods

User interfaces are the entry points through which users interact with designs. Graphical user
interfaces (GUIs) are design control panels and faces; it witnesses oral-auditory interaction in
voice-controlled interfaces, gesture-based interfaces, and body movements through the fields of
3D design. User interface design is an art that includes building an important part of the user
experience; users are very quick to evaluate designs in terms of readiness and similarity. At this
stage, the main solutions related to the user interface are developed, they are taken into account by
the authors when preparing training material and control tasks, templates are prepared \ Web
pages, and then they are used in the formation of information components of the UIR [1]. The
concept of user interface is still not unambiguously interpreted. In our opinion, the definition
given by A.K. Gultyaev and V.A. Mashin is more successful: "An interface is a combination of
the information model of the problem area with the means and methods of interaction of the user
with the information model, as well as the components that ensure the formation of the
information model in the program. Based on the analysis of the works, we list the general
requirements for the user interface: - Unity (expecting the same reactions to the same system); -
Friendliness (a set of interface features that ensure its simple development and effective use,
regardless of the level of preparation of users); - Concise (provided by the method of defining
standard parameters, performing icons instead of text expressions, etc.). - Convenience (achieved
using customization tools); - Structured dialogue (separation of user interface components
according to difficulty level). Based on the list of tasks put forward by A.l. Bashmakov to design
the user interface of a computer textbook, let's distinguish specific tasks related to the design of
the UIR user interface [2].

1. Determining the composition and characteristics of windows. Tutorial \-e-pages are displayed
in windows. Windows are divided into 2 parts: primary and secondary. The main one is the
browser window that is displayed immediately after OIR is loaded. Other windows created by
SID are called pop-ups. Secondary windows can be located anywhere on the screen and can move
independently of the main window. Middle windows are divided into modal and non-modal. A
modal window provides a dialog level that is subordinate to the dialog in the window from which
it is called. A window of this type blocks interaction with all other browser windows until it is
closed. Modal windows are used to provide additional information as well as to enter information
about what state further work with IRM will take. Extra-mode windows are used to organize
parallel branches of a dialog by switching between main and extra-mode windows. Let's move on
to window attributes [1]. The main attributes of windows are: original size and location; support
for standard window view manipulation operations; window order relative to other windows; size
limits; design style; the shape of the mouse cursor when the window title is in the working area of
the window; icon associated with the window. The result of solving this problem is to define the
purpose of the window types used in the UIR and the relationships between them. In other words,
it is necessary to show what kind of windows will be used to present information of a different
nature in certain situations and how to implement the connections between them [3].
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2. Development of information presentation schemes. To solve this problem, it is necessary to
create a list of typical structural units of the teaching material. They are distinguished by the
hierarchical levels in which they are located and the roles they play within the levels. We give an
approximate list of such sections: - Content block - A part of the main teaching material; - A piece
of additional educational material; - Compact additional information designed to be presented in a
modal window; - A fragment with a list of tasks to consolidate knowledge; - A fragment with a
list of practical tasks; - A number of tasks for self-checking in the unit; - Page with results of
knowledge control and their interpretation; - List of main concepts in the section; - Literature on
the section; - Fragment of the dictionary[3].

3. Determining the tools to manage the training material. Navigation in the learning material is
determined by the relationships that define the transitions between the structural units of the
learning material. To implement these connections at the user interface level, the user-initiated
transitions need to specify the previously selected types that define the appropriate means of the
user interface [3].

4. Development of dialog schemes. Dialog refers to interaction by exchanging user and
application data. The window in which the dialog flows is called a dialog box. It contains fields
for displaying data and user interface controls that provide user input and pass it to the application
for processing [3].

There are three main principles for organizing the dialogue

1) A user command is a combined action that defines both the data object and the action on it.
Examples of dialogs based on this principle are activating by clicking the window title, navigating
through educational materials using navigation buttons and hyperlinks, entering an answer to a
query by clicking a button corresponding to one of the alternative options, selecting a list item by
double-clicking, etc.

2) An action object (first data is entered or one or more data objects are selected, then the action
to be performed is indicated). An example of a dialog based on this principle is, for example, text
fields to enter or select a control task or a form where keys are placed and buttons to send to the
server for evaluation or refuse to execute [5].

3) Action object (first, the action type is selected, as a result, the application switches to the
appropriate mode; then the data object to which this action is directed is displayed). An example
of a dialogue based on this principle is the manipulation of an interactive three-dimensional
representation when, after selecting the type of action (rotate, move, increase, decrease, etc.) in
the first step, the part of the scene to which it is closed is shown [6].

5. Definition of a set of user interface controls used in the UIR. The set of control elements is
defined during the development of dialog schemes. Control elements act as the main structures
from which the application interface is created. Their implementation is the first task in the stage
of creating user interface templates. The requirements for the user interface and the rules for its
construction are regulated by relevant standards.

6. Highlight customizable user interface settings. Configurability allows users to modify the
interface themselves, bringing it to a state that provides the most favorable conditions for
interaction with the UIR [4].

An interface that includes advanced customization features is called flexible. We list a number of
user interface parameters that can be customized, including: the size, position and state of the
main browser window; options for secondary windows; color scheme of pages; font sizes used to
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represent educational material; show the status bar; the position of the border between the
navigation bar and the workspace (for a frame structure) [3].

One of the main factors when choosing an authoring environment for OID development is the
method it uses to support OIR in remote access mode. Here, environments where functional and
data components are implemented in HTML, XML, and Java may be preferred.

We need to infer the possibility of using computer-aided design systems and authoring
environments to create R-D [7]. Undoubted advantages of these tools include:

- visualization of the UIR design process;

- providing methodological guidance for developers who do not have extensive experience in
creating UIR;

- Acceleration of UIR development by applying special templates;

- Project management support.

An insurmountable obstacle to the use of the above-mentioned means remains their high market
price. Their other disadvantages include:

- Weak support of the Azerbaijani language in the products of foreign companies;

- Low distribution of localized versions of programs for Azerbaijan;

- Poor integration and compatibility of these funds;

- Large amount of received HTML documents (in kilobytes).

What are the main trends in technology and instrumental development

- To ensure that performers who are not professional programmers and do not have special
technical education can use the tools;

- Use of object-oriented approach and the principles underlying CASE-technology;

- Management of the Cheshralization project and creation of conditions for multiple use of
resources (functional and informational components, didactic, methodical and interface solutions);
- Provide continuous (until the end) support for all stages of development;

- The embodiment of the possibilities of automated implementation of didactic equipment
working with computers in design and research works in specialized tools;

- Using visual development tools that blur the boundaries between design and implementation;

- Intellectualization of tools and products created with its help;

- To provide the ability to quickly build a prototype UIR without waiting for the completion of
development of all components [5].

Result

Today, the following definition given by G. Myers is considered the generally accepted definition
of testing: “Testing is the process of executing programs to detect errors.”

The testing process to be carried out by IR manufacturers should include three stages:

1) To test the technical implementation;

2) Didactic acceptance test;

3) Testing interactive interactions.

As a result of the technical application test, the following areas are checked.

1) Site structure. The type of site structure, the presence of broken links, the depth of hierarchical
levels, etc.

2) Page loading speed. Recommended hardware and software for working with the site, server
response speed, largest page size, average page size, average page load time, etc.
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3) Design and layout. Combination of colors, font size, type of images used, printing of pages,
etc.

4) General statistics of the content. The number of pages of content on the site, spelling,
abbreviations, punctuation, spelling, misuse of words.

4) Use of technology: HTML, CSS, XML.

5) Programming: server technologies: CGI, ASP, PHP, etc.; client technologies: JavaScript,
VBScript, Java, ActiveX, Plug-Ins, Cookies.

6) Browser support: MS Internet Explorer 5, 5.5, 6, Netscape Navigator 7.8, Opera, etc.

7) Navigation. Navigation efficiency, setting of navigation elements, navigation hierarchy, color
of links, etc.

8) Search. Search type (full text, with keywords), search clarity, search precision, etc.

Testing didactic receptivity is usually combined with a pedagogical experiment. In order to test
the didactic acceptability, an inspection is carried out in the following areas:

- Goals, content, methods: educational goals and logic in content selection; existence of a justified
| recognized relationship between objectives, content and methods; relevance of the didactic
approach to the current state of knowledge in terms of scientific content and educational goals;

- Form of presentation (graphics, tables, text, animation): existence of a known connection
between the form of presentation, WIR and work sequence, content and didactic method; the
freedom of presentation and the way to work with IWR from various didactic strategies;

- Impact: Does SSI contribute to a new learning experience and to the emergence of new forms of
learning that would be unthinkable without computers?

Checking for interactive interactions includes: entering incorrect data; feedback; ways to
communicate with the teacher; ways to control knowledge; drop-down menus, scrolling images
and other interactive navigation elements.

Conclusion

The use of technologies in education can lead to an increase in efficiency, a decrease in various
costs, and an increase in effectiveness. Therefore, it is important for educational institutions to
create websites that meet modern requirements using technologies such as HTML, CSS,
JavaScript, JQuery, Asp.Net, and PHP. one of the issues is the simplicity of the user interface, and
the design does not tire people. In addition, the world's oldest and highly ranked universities
manage to introduce their educational institutions to students and professors from all over the
world using such platforms, and implement the process of students' admission to universities
online. Web technologies in education Another advantage of its use is related to the transition to
distance education, which recently created the need for distance education after the announcement
of the worldwide Covid1l9 pandemic. However, there are some shortcomings in this type of
education:

First, existing services will not be able to withstand such an influx of momentum

Second, not all students have access to the Internet, and some families do not use computers at all
for various reasons.

Children are used to the school primarily communicating face-to-face with the teacher, but not the
online format.

Students will not be easily interested in participating in distance education.
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Often, parents prefer to educate their children by themselves according to the program approved
by the state. At the same time, you can study using both school textbooks and author's methods.
The main thing here is the final result and the execution of the program. On this topic, large
online communities of parents have been created, who exchange experiences on the Internet and
solve emerging problems together. For example, many parents have concerns about how a child
will learn the material. By being in the classroom and discussing, for example, some literary work
or historical event, the student receives many different opinions in a short time and learns to
search for the truth among them. Thus, the material is remembered faster. At home, when a
mother acts as a teacher, it is more difficult to gain such experience. There are various solutions
for this. For example, you can watch movies adapted with a child based on a historical event, or
parents can freely discuss this or that educational material from time to time with their children
using some life examples, draw them into independent discussions and express their different
opinions.

During these periods, some services, such as Foxford, Yandex.Tutorial, MAXIMUM edu,
Uchi.ru, made online services free. | think this is great and shows that modern entrepreneurs in
education are ready to work together with public educational institutions in a crisis situation. In
addition, we can note that the most important issue for the creation of technologies and the
increase in the number of users is the training of specialists, which can be achieved by conducting
programming classes from high schools. With the increase in the number of specialists,
achievements in the field of technology, including in the application of technologies in education,
can increase.
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ABSTRACT

Despite their limitations, robots should have the ability to gather information from their
surroundings such as location, color, light, and images. This data must then be analyzed
automatically, and based on that analysis, the robot should be able to determine an appropriate
reaction to its environment. Once a decision has been made, the robot must be able to execute it
through the use of actuators and motion systems. Robots are comprised of sensors that collect
real-time environmental data, an electronic brain that processes and decides, and movement
controls that carry out those decisions.

Images must be displayed as an analog signal during the image processing process. Video data,
originally in the form of analog voltage, must be represented in the form of binary codes.

This article deals with the development of image processing algorithm for industrial robots based
on neural network and fuzzy logic.

Keywords: image processing, fuzzy logic, pixel, robot, sensor.

Introduction

There are several fuzzy methodologies that are employed in image processing, which include
fuzzy processing, representation, image segmentation, and fuzzy sets.In the process of image
recognition, image preview is of great importance. Because, at the stage of pre-processing of
images, the quality of the image is determined, and this information is sent to the inputs of the
neural network at later stages. In solving the problem to be performed, the initial fuzzy algorithm
is implemented in the following sequence of steps (Figure 1):

- Taking an image using a web camera;

- Converting the color appearance of the image to grayscale;

- Image processing using fuzzy logic.

Image acquisition is the initial stage of fuzzy logic image processing. A web camera is used for
this [1]. In the second step, the colors of the image should be converted to grayscale. Converting
the colors of the image to gray colors is done as follows. The entire color palette (RGB) is
depicted in the form of a cube whose top corresponds to different colors (Figure 1).

Problem solving

To convert an image to grayscale, the intensity of the red, green, and blue colors of the image is
determined individually for each pixel. Then, the color of that pixel is replaced with gray color by
the calculation based on the following formula:

¥V = 0.255R 4 0.255G + 0.255B
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Here, Y is the new color value, R is the intensity of red color, G is the intensity of green color, B
is the intensity of blue color [2].

Taking a picture
with a camera

2 4

Main ftitles

o | X Image
Converting image fuzzification
4| colors to grayscale F(x)
= ' Fuzzy output
=)
TEJ Image system
T Image Y | defuzzification
Ay : s
segmentation D(M(F(x))) q—l

Image enhancement system

Figure 1. Image processing based on fuzzy algorithm.

Figure 2. Illustration of the color palette on a cube.

In order to assess the image's brightness level, the average of the RGB color tones is computed by
considering the maximum and minimum values:

max(R,G,B) + min(R,G,B)
Glightness = 2

The intensity of the image is obtained by calculating the average of the three components in the
RGB space. When calculated mathematically, the following expression is obtained:

__ R+G+EB
Gmtensity - 3 )

geometrically, it is calculated as follows:

Gintensity = 3‘I'R XGXB
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Considering the sensitivity of the human eye when determining brightness, red, green and blue
colors are used with moderate weight. Since the human eye is most sensitive to green, its weight
Is considered the most important:

Gruminance = (D-?’R + 0.59G + C'.]_]_B)

The software automatically determines the brightness during image processing. There is a process
of converting colors (RGB) into grayscale depending on the brightness in the email process of the
image with the algorithm based on fuzzy logic. The "rgh2gray" function in the MATLAB
environment performs this operation [3]. The image is then converted from RGB colors to black
and white (Figure 3).

Binarization of the image in the processing process

The purpose of image fuzzy processing is to perform image formation, enhancement, binarization
and coding. Binarization is the process of converting each pixel of an image into an image that
contains two colors. That means each pixel has only two colors (black and white in our case). As
a result of this conversion, the pixel color is conventionally taken as zero or one.Pixels with a
value of zero (white pixels in this case) are called background. Pixels with a value of one (black)
are called foreground. However, in the image consisting of two colors obtained as a result of such
a change, the appearance of gaps and blurs, the overlap of objects, the appearance of objects in
homogeneous areas, and the loss of integrity.

The process of converting image
colors to grayscale

- Initial image (RGB)
7R - -

Switching from RGB to grayscale
by changing brightness

¢ 3

Transition from grayscale to
black-white (Binarization)

Figure 3. The process of converting colors to grayscale.

Loss of integrity and appearance of the object can be caused by uneven lighting of the object.
During the operation, a special difficulty arises due to the overlapping of objects (or the objects
touching each other). Because, on the one hand, the image of several objects can be seen as one
object. On the other hand, algorithms that analyze the geometric integrity of the object in places
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where there are overlaps present these areas as a background. This causes ambiguities. If part of
the data disappears, it is impossible to distinguish the objects [4].

In practice, there are two options for applying the algorithm: several intersecting objects are
treated as one object. Also, one of the overlapping objects is taken as the background. Field
processing converts a color or grayscale image to a black-and-white image. Changes in the field,
intuitive features, and applied imagery are central to segmentation. For each pixel of the image,
the segment value corresponds to white when it is above a certain level. If it is below that level,
then it will match the black color. Color shades range from 0 to 255. 255 cells are taken as black
color and 0 cells as white color.

Currently, there are many binarization methods. If the brightness of the pixel exceeds the field
value, for example P(x,y)> P (X,y), then the pixels in the two-color image will be white.

Otherwise, it will be black [5].

In the process of binarization, image processing methods are performed in two ways based on the
principle of building the surface of the area. These methods are global and local methods of the
binarization process. In global image binarization, the area surface is a plane with a constant value
of brightness. The brightness value selected during image loading is calculated during histogram
analysis of the image and is the same for all pixels of the original image. The global method has a
significant drawback that if the received image has a heterogeneous coverage, then the uncleared
areas are taken as the foreground. In the local binarization method, the brightness value is selected
based on some characteristics of the points around a certain point. This value usually has a
different value for each point. The disadvantage of such transformation is the low speed of the
algorithms associated with the recalculation of brightness values for each point of the image [1,2].
Burnsen's method is used to solve the problem. This method is based on comparing the brightness
value of the converted pixel with the average brightness value of the original image. The pixels of
the image, in turn, are processed by comparing the intensity with the average transparency values
in the centers (Figure 4).

P.| A | P

B |—
(m,n)

Pl B | P

6

Figure 4. Pixel conversion of the image.

Fuzzy logic algorithms for boundary delineation and image segmentation. At this stage, after
replacing the colors of the image with black and white colors, a gradient image is obtained with
the helpof the Sobel operator. Then the gradient image is transferred to the inputs of the fuzzy
image processing (FIP) (Figure 5).

Fuzzy logic image processing consists of three main steps: image fuzzification F, fuzzy output
system M and image defuzzification D. Image fuzzification is performed initially. After blurring
the image data from the gray level, a fuzzy output system is defined. Fuzzification is the encoding
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of image data, and blurring is a process that provides permission to examine results and process
images in fuzzy ways [6].

Image X and gray levels with dimensions MxN and L are g=0, 1, 2, ..., L-1. An image can be
defined as a fuzzy set of points. Furthermore, all predefined values (such as brightness,
smoothness, etc.) must be assigned to each pixel.

X=Ud uY By, € [01]

Here, pmn and gmn are the features of the pixel in the recording of fuzzy sets. A pixel's feature
consists of the data of a specific application and the corresponding database.

The interdependence formula of input system Y and output system X is given as follows:

Y = DM(F(X)))

IMAGE IN
A black-white GRAYSCALE
image in the Obtaining a gradient image
interval [0.1]. r using the Sobel operator =
Fazification -
¥
Fuzzy output system
|

The result (FIP) e ——
Segmented image ! Defazification | :>E

Image in

Figure 5. Borders with Fuzzy Image Processing Algorithmrestriction/

Using a neural network in image recognition

Multi-layer perceptron is an artificial neural network that includes an input layer and a
computational layer of one or more neurons. Each layer has several input nodes (Figure 6). In
such networks, the signal given to the input layer is transmitted in the forward direction to the
output layer. This type of neural network is successfully used to solve various problems. It is
especially used for the problem of image recognition.

This neural network consists of several layers of neurons. Each neuron of the previous layer is
connected to each neuron of the next layer. After determining the number of layers and the
number of elements of each layer in such networks, it is required to calculate the values of the
weights and the threshold of the network in such a way that it is possible to minimize the
prediction error. This task is solved with the help of various learning algorithms. The essence of
these algorithms is to match the artificial neural network with the data of the process. The error of
the constructed network is determined by comparing the values obtained at the output of the
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network with the target values after using all the input data. Then, the obtained differences are
collected in the total error function, which characterizes the entire network error.

One of the algorithms used to learn multilayer neural networks is the "back propagation error"
algorithm. In this algorithm, the "error surface gradient™ vector is calculated. Then we move
forward a little in the direction of the vector (the vector will show us the direction of sharp
descent). Here the error volume will be smaller. Such consistent progress will gradually lead to
minimization of errors. Here there is a difficulty in determining the value that arises when moving
forward. If the step size is large, this will cause a steep descent. But there is also the possibility of
"bouncing” to any point or going in the wrong direction depending on the complexity of the
surface shape. For example, if the surface is a narrow ravine with steep slopes, the algorithm will
move slowly, jumping from one hole to another. If the step size is small, then it will not find the
optimal direction [6]. However, the number of repetitions will increase significantly.

Input layer Hidden layers Output layer

Figure 6. Multi-layer perceptron.

In order to achieve the most optimal result, the step sizes are adjusted to a constant speed
according to the steepness of the surface. The choice of this constant is carried out experimentally
and is based on the conditions of a certain task.

We provide the following notes. The matrix of weight coefficients from the inputs to the hidden
layer is shown in the form - W. The matrix of weights connecting the hidden and output layer - V.
For the indices, the following notes should be taken:

-Entries will be given only with this index — i;

-Hidden layer elements — j;

-Output indexes — k;

-Number of network inputs — n;

-The number of neurons in the hidden layer — m;

-Number of neurons in 3 output layers — p.

Allowing the network to run on an instance: (X*,D®)t = 1,T.

Then the learning algorithm for the multilayer perceptron will be as follows:
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Step 1. Initialization of the network: Small random values are set for the weight coefficients. For
example, ranges (-0.3, 0.3); is given, the learning accuracy parameter —¢, the learning speed
parameter — a (as a rule, =0.1 can be reduced during the learning process), the maximum allowed
number of repetitions — Nmax

Step 2. Calculation of the current output signal: One of the images from the test samples is fed to
the input of the network and the output values of all neurons are determined.

Step 3. Determination of synoptic weights: Calculation of weight changes of the output layer of
the neural network by means of formulas:

dE
N+l _ 7N
e =
dE
AV, k]

Ok = (ke — di )y (1 — w)
The following formulas are used to calculate weight changes for the hidden layer:

dE

a oW,

E [N
W (Z S:zl’}?zurl)}’jc (1 —}}'C)Xi
Y k=1

Step 4. Repeat steps 2-3 for all test vectors. Training is terminated when the error function for
each of the training images reaches its eigenvalues. In Step 2, the vectors from the training
sequence are presented to the input in random order.

The number of inputs and outputs of the network is usually determined by the conditions of the
problem. The size of the hidden layer is found experimentally. Generally, the number of neurons
is 30-50% of the number of inputs. A large number of neurons in the hidden layer causes the
network to lose its ability to generalize. It remembers only the elements of the test pattern
thoroughly and does not react to similar patterns, which are unacceptable for recognition tasks. If
the number of neurons in the hidden layer is too small, the network simply cannot learn [5].
Conclusion: The problem of image processing based on the fuzzy algorithm was considered and
the boundary limitation with the fuzzy image processing algorithm was analyzed. Also, the issues
of using neural network in image recognition were investigated.

N+1 _ N
M');j _M’?j -
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ABSTRACT

Robotics has become relatively accessible with low-cost projects, but there is still a need to create
models that accurately represent the robot's physical behavior. Creating a virtual platform allows
us to test behavioral algorithms using artificial intelligence. In addition, it will enable us to find
potential problems in the physical design of the robot. The article describes the methodology of
building a kinematic model and simulation of an autonomous robot. The development of a
kinematic model and its implementation using several tools are presented. The environment used
for the experiment is very close to natural conditions and reflects the kinematic characteristics of
the robot. As a result, the simulation of the model following the mobile robot's kinematics is
executed and tested in MATLAB.

As a study, the m-file creation in MATLAB, its use with the Simulink package, and the solution
of the forward and inverse problem of kinematics are shown. In addition to constructing the robot
body using Simulink blocks, the structure of the kinematic scheme is simulated using the Denavit-
Hartenberg (DH) parameters of the robot without blocks. "Simscape” and "Robotics System
Toolbox™ packages simulate forward and inverse kinematics using the Simulink package, and the
robot's handle and body movement are observed. In the forward kinematics problem, the readings
in the Scope compare the signals received from joint one and the end effector. For the inverse
kinematic problem, the parameters of the manipulator along the XYZ axes are entered using the
"Signal builder" block, and the circular movement of the arm is observed. In contrast, the handle
of the manipulator remains fixed at a given point.

Keywords: mobile robot, kinematic model, the forward and inverse problem of kinematics,
Denavit-Hartenberg parameters, joint types

The purpose of the work

Kinematics is a type of study that shows the behavior of mechanical systems. In mobile robotics,
the mechanical behavior of the robot must first be understood to both design task-appropriate
mobile robots and understand the process of creating a control program for the mobile robotic
hardware. Robotic manipulators have been the object of intensive research for many years. Of
course, mobile robots are not the first complex mechanical systems to require such analysis.
Manipulator robots are more complex than mobile robots and can consist of five or more joints.
However, the first mobile robots were driven machines with a simple differential structure.
Recently, the kinematics and dynamics of robotic robot manipulators have been fully understood
[1]. The field of application of mobile robotics raises the same kinematic questions as the field of
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application of a robot manipulator. A robot arm's controllability determines how it can actively
connect motors to move from one position to another in its working environment. Similarly, the
controllability of a mobile robot determines the possible paths and trajectories in its workplace.
Due to mass and force considerations, robot dynamics impose additional constraints on the
workspace and trajectory [2].

A new robot kinematic simulation system called ROBOKISS was developed [3]. Engineers can
use ROBOKISS software to construct and control geometric models of robotic systems, specify
robot tasks, perform kinematic analysis to investigate robot trajectories in space, and simulate
robot movements on a Spectragraphics workstation. Since the kinematic simulation is processed
independently of the robots, the ROBOKISS program can be considered as part of a generalized
offline programming system in the future.

The rapidly growing interest in robotics and mechatronics systems is due to the increasing
prevalence of robotic platforms performing various functions in our daily lives. They can be seen
in the industry to perform other processes such as welding, painting, assembly (manipulators),
and moving or transporting objects from one place to another [4]. Mobile robots can be legged or
wheeled, or even a combination of both, depending on the application type they are intended for.
Mobile robots can take on different shapes, sizes, and styles of mobility that allow them to
operate in their environments, whether on land, in the air, or water; they can be flying devices or
even underwater or amphibious [3-5].

From the point of view of kinematics, the main difference between a manipulator and a mobile
robot is the nature and location of its joints [4,6]. A manipulator robot is usually modeled as an
open kinematic chain consisting of alternating rigid bodies with one degree of freedom joint
elements. In contrast, the kinematic structure of a mobile robot can be considered as a set of
closed kinematic chains, such as the wheels in contact with the ground. Furthermore, the wheel-
ground interaction is defined from a kinematic point of view as a planar joint with three degrees
of freedom, where one of them usually represents uncontrolled lateral slip. These two facts
complicate the construction of the model.

The kinematic model mathematically describes the robot's movement without considering the
forces affecting the action and defines the geometric relationship between the elements. This
kinematic model is represented as a tree structure. In a robot's kinematic model, the various
manipulator joints are known as links, and the integration of two or more links is called a joint.
Joints are the elements of the robot that help the links to move in different types of movements

(Fig.1).
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Figure 1. Division of the manipulator into frames.

The manipulator robot's Denavit-Hartenberg (DH) parameters are used incrementally to build the
tree robot model. Relative DH parameters are added for each compound. As a result, the robot
views the frames and communicates with the final model.

The DH parameters define the geometry of how each rigid body is connected to the other through
a joint. Parameters follow four transformation conventions.

A— The length of the standard regular line between two z-axes perpendicular to both axes;

a— Rotation angle for the standard normal;

d— Rotation of the links in the direction typical to each other along the z-axis;

The three main types of joints are: hinge-type (Revolute) - a joint that rotates along the axis and
has a limited range defined by upper and lower limits; prismatic- a joint with a limited range
defined by upper and lower boundaries, sliding along the axis; fixed- is not a joint (constrained)
because it cannot move.

06— Rotation angle for the x-axis along the previous z-axis.

Kinematic modeling and its working principle

It is necessary to consider the forward and inverse problems of kinematics to build a kinematic
model. Suppose the geometry of the robot and all its joint positions are known. In that case, a
mathematical calculation can be performed, and the position and orientation of any robot point
can be determined (Fig 2). This is a forward kinematics (FK) problem. The more common
problem of robot manipulation is the opposite. Calculating the coordinates necessary for the end
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effector to reach a specific position and orientation is essential. This is an inverse kinematics (1K)
problem.

Figure 2. Description of the DH parameters of the manipulator on the kinematic scheme.

During kinematic modeling, three main stages are considered.

1) Robot parameters are displayed as a matrix.

2) The "rigidBodyTree" algorithm is used

for the robot.

3) Items are created in the "rigidBodyTree" object, and other items are defined based on the
connections. The DH parameters that perform this process are repeated for each link-joining point

(Fig 3).
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>> dhparams = [O pi/2 o o
0.4318 O o o <
0.0203 —pis2 0.1500S5 O: (@)
o pi/2 0.4318 0O; —
o —pirs2 o o; c
o o o 0} ; Z
>> robot = rigidBodyTree; m
>> bodies = cell(6,1); =
Joints = cell(6.1); @
for i = 1:6 6
bodies{i} = rigidBody ([ 'body" num2str(i)l):; EJ
Joints{i1} = ngdeodyJolnt( ['3nt' num2str(i)], "Yrevolute™); —_—
setFixedTransform(joints{i}, dhparams(i, Bl L P (9]
bodies{i}.Joint = Jjoints{i}; m
if i =— 1 %

addBody (robot,bodies{i}, "base")
=lse g

addBody (robot,bodies{i},bodies(i—-1} .Name)

=nd B
end o
>> showdetails (robot) w

Robot: (€ kodies)
Idx Body Name Joint Name Joint Type Parent Name (Idx) Children Name (s)

1 bodyl Jncl revoluts base (0) body2 (2)
2 body2 Snt2 revolute bodyl (1) body2 (2)
3 body3 Jnc3 revoluts body2 (2) body4 (4)
4 body4 Snt4 revolute body3(2) bodyS(5)
s bodyS Snts revolute body4 (4) bodyé (6)
€ body€ Snte revolute bodyS (5)

>> figure (Name="PUMA RobotT Model™)

show (xrobot) ;

>>

Figure 3. Coding based on DH parameters.

[4 Figure 3: Interactive Visualization = o X

File Edit View Insert Tools Desktop Window Help

Dede @ 08 RE
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Conclusion 1. The final description of the manipulator.

Creating a manipulator in the MATLAB environment and determining the mobility of
links. "Simscape” and "Robotics System Toolbox™ packages create the manipulator in the
MATLAB environment.
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At first, three main parameters are considered. The initial movement function of the robot, the
frame of the position in which the main point will be located, and the configuration element of
the mechanism (gravitational force is added). After that, the links are placed based on their

parameters (Fig 4).
18—l
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Figure 4: Tree diagram of manipulator creation [5-7].
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Conclusion 2. Description of the manipulator without motion of the links.

The problem of forward and inverse kinematics must be solved to give movement to the links.
For this, let us first look at the simulation of the forward problem of kinematics. For this, we
make the blocks in Figure 5 into a subsystem.
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Figure 5. Construction of image blocks of the manipulator movement according to the forward o
problem of kinematics [8]. S

Conclusion 3. Description of the motion of the manipulator according to the forward problem of
Kinematics.

Conclusion 3.1: Description of inputs 1 and 2 and standard output signals in Scope.

In order to solve the inverse problem of kinematics (Fig 6), coordinates should be given, and
force and moment should be determined based on this.

Y3

Figure 6. Construction of image blocks of the manipulator movement according to the inverse
problem of kinematics.
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Conclusion 4. Description of the motion of the manipulator kinematics according to the inverse
problem.

Conclusion

As a result of the research, the following were obtained: In Figure 3, an m-file was created in
MATLAB, the code was executed, and as a result, the kinematic scheme of the manipulator was
obtained in Result 1. In Figures 4, 5, and 6, the body of the manipulator was built, and its
movements were determined using the Simulink package. The block diagram of the forward
kinematics problem of the robot is shown in Figure 5, and the simulation of the forward
kinematics problem is obtained in Conclusion 2. It can be seen here that the robot's body moves
within a specific range in the forward kinematic problem. Blocks in Figure 6 illustrate the inverse
problem of kinematics, and giving coordinates for obtaining the results are reflected in Figure 7.
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In result 4, it is observed that the robot's handle is focused on one point, and the arm is in a
circular motion due to the force and moment of the manipulator. As a result, both kinematics
problems are solved in the MATLAB environment, and their simulation is given.
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ABSTRACT

Social networks generate a huge amount of data about the behavior, interests, preferences and
connections of users, which can be used for various purposes such as marketing, advertising,
analytics, research, etc. However, these data have a large volume, variety and update rate, and
require special methods and tools for their analysis and processing. Python is a high-level
programming language that has many advantages for working with big data, such as simplicity
and flexibility of syntax, a rich set of libraries and frameworks for data processing and analysis,
support for multithreading and distributed computing, open source code, and a large community
of developers and users.

The article shows how to use Python to parse and collect data from various sources, to clean and
pre-process data, such as removing duplicates, gaps, outliers and noise, normalizing and
standardizing data, encoding categorical features, etc., for analysis and data visualization, such as
building statistical characteristics, graphs, charts and maps to study the distribution, correlation
and dependence of data, for machine learning and data mining.

Keywords: Python, big data, social networks, data parsing, data analysis, machine learning.

Introduction
Social networks generate a huge amount of data about the behavior, interests, preferences and
connections of users, which can be used for various purposes such as marketing, advertising,
analytics, research, etc. However, these data have a large volume, variety and update rate, and
require special methods and tools for their analysis and processing. The purpose of this article is
to look at one such method - social media data analysis with Python. Python is a high-level
programming language that has many advantages for working with big data. It is a simple and
flexible language that allows you to write and debug code quickly and easily. Also a rich language
that has many libraries and frameworks for data processing and analysis, such as Pandas, NumPy,
SciPy, Scikit-learn, TensorFlow, PyTorch and others. It is also a powerful language that supports
multithreading and distributed computing, which allow you to efficiently use computer resources
and process large amounts of data in parallel. Also, one of the main advantages of Python is that it
is an open language that has a large community of developers and users who are constantly
improving and expanding the capabilities of the language. [1]. This article shows how to use
Python to solve various social network data analysis problems using data from the popular social
network Facebook as an example. We will also provide Python code examples and data analysis
results.
The purpose of this article is to look at the main steps involved in processing big data with Python
in social networks:

e Parsing and collecting data from various sources
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e Data cleaning and preprocessing

e Data analysis and visualization

e Machine learning and data mining
You should show how to use Python to solve these problems using data from popular social
networks such as Facebook, Twitter, Instagram, etc. And also give examples of code in Python
and the results of data processing.

Formulation of the problem

Social networks are one of the main sources of big data in the modern world. According to a
Cisco report [3], in 2021, global social media data traffic will reach 6.8 zettabytes per month,
which is 7 times more than in 2016. This data contains valuable information about the behavior,
interests, preferences and connections of users, which can be used for various purposes such as
marketing, advertising, analytics, research, etc. However, the processing of these data is a
complex and computationally expensive task that requires special methods and tools. Big data in
social networks is characterized by high volume (volume), diversity (variety), speed (velocity)
and reliability (veracity) [2]. This means that the data is large and constantly growing; data has
various formats and structures, such as text, images, video, audio, etc.; data arrives quickly and
needs to be processed quickly; data may be incomplete, inaccurate or unreliable. To solve these
problems, it is necessary to use effective methods and tools for processing big data in social
networks. These methods and tools should take into account the specifics of social media data,
such as:

* Data Connectivity: Social media data is a complex network structure that reflects the
relationships between users and objects. To analyze these structures, it is necessary to use network
analysis methods.

« Data Semantics: Social media data contains a lot of textual information that has varying levels of
formality, tone, and meaning. To analyze these texts, natural language processing techniques must
be used.

« Multi-modality of data: social media data is made up of different types of media such as images,
video, audio, etc., which may complement or contradict each other. To analyze these media, it is
necessary to use the methods of multimodal analysis

Table 1. Examples of social media data types and related analysis methods:

Data type Examples Analysis Methods
Text Posts, comments, reviews, tweets, Natural language processing, classification,
etc. clustering, sentiment analysis, etc.
. Computer vision, classification, clustering, object
Images Photos, logos, emotions, etc. L
and face recognition, etc.
Video Videos, streams, advertisements, Computer vision, classification, clustering, object
etc. and face recognition, etc.
. Voice messages, music, podcasts, Speech and sound processing, classification,
Audio . . o
etc. clustering, object and face recognition, etc.
Net Associations between users and Network analysis, clustering, association rules,
objects centrality and prestige measurement, etc.
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In our case, we should use the Data Mining method. Data Mining uses various techniques from
the fields of statistics, mathematics and machine learning to analyze data and build models. Data
mining can be applied to various types of data such as text, images, video, audio, etc., as well as
various domains such as social networks, business, healthcare, education, etc.

There are many data mining methods for processing big data in social networks.

Within the framework of this article, a classification method using decision trees will be used for
processing big data in social networks. We chose this method for the following reasons:

* Classification using decision trees allows you to determine whether data belongs to one of
predefined classes or categories based on their features.

» Decision trees can be used to classify data from social networks if you want to get an
interpretable and visual model that shows which features influence belonging to a particular class.

* Decision trees can be easily scaled and parallelized to handle large amounts of data.

The solution of the problem. Let's analyze data from Facebook that contains information about
users and their friends, as well as the products or content that they like or comment on. Our goal is
to create a model that predicts a user's interest in a particular product or content based on their
behavior on a social network. This model can be used to recommend products or content to users
on social networks.

For our analysis, a small piece of data was collected from Facebook using the Facebook Graph
API. The Facebook Graph API is an application programming interface (API) that allows you to
access data about users, groups, pages, and other objects on Facebook.[4] In our case, information
was collected on 100 products or content that users like or comment on. The data is presented as a
file: likes.csv. The file contains information about pages that users like or comment on. Each line
of the file represents one like or comment and its ID (yuukansHbIit HoMep), 1D the user who liked
or commented, the ID of the page that was liked or commented, the page name, and the page type.

Libraries we need: pandas, sklearn, matplotlib

Data processing

Loading data from likes.csv file. The pd. read_csv function reads data from a file in CSV format
(comma-separated values) and returns an object of type DataFrame that represents a tabular data
structure with row and column indices.

data = pd.read csv("likes.csv")

Feature extraction and target variable. This step extracts the features and target variable from
the data. Features are characteristics of objects that are used to predict their classes. The target
variable is the label of the class we want to predict. In our case, signs are user and page
identifiers, page names. The target variable is the page type (e.g. brand, media, public figure,
etc.). We use square brackets to select the desired columns from the dataframe.

X=data[[

v = data

Converting categorical features to numeric ones using the get dummies method. This step
converts categorical features to numeric ones using the get_dummies method. If an object has a
page_name value of "Apple", then it will have a value of 1 in the page_name_Apple column and 0
in the other two columns. This allows you to convert textual data to numeric data that can be used
to train the model.
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X =pd.get dummies(X)

page id  page name Jinping page name YouTube
7226849223 3266636580 ... False False
3013526500 9163978590 ... False False
7512217188 4314567424 ... False False
9686871054 4063357162 ... False False
7007568307 8051063877 ... False False

Figure 1: Fragment of the converted dataframe

Splitting the data into training and test samples in the ratio 80/20. This step splits our dataset into
two parts: training and testing. For this, the train_test_split function from the sklearn library is
used.

train, X test. y train. y test =train test split(X. y

Creating a decision tree classifier object. This step creates a decision tree classifier object using
the DecisionTreeClassifier class, which implements the CART algorithm for building the decision
tree. The CART algorithm works like this: it chooses the best feature and threshold for dividing
the data into two subgroups, so as to minimize class heterogeneity in each subgroup. It then
repeats this process for each subgroup until it reaches a stopping criterion (such as the maximum
depth of the tree or the minimum number of objects in a node).

clf = DecisionTreeClassifier()

Classifier training on the training set. This step trains the classifier on the training set using the
fit method, which finds the optimal decision rules to split the data into classes.

clf. fit(X train. y train)

Data analysis
Class prediction for a test sample. This step predicts the classes for the test set using the predict
method, which applies the decision rules to new data and returns the predicted class labels.

v pred = clf predict(X test)

Assessment of classification accuracy using the accuracy_score metric. This step evaluates the
accuracy of the classification using the accuracy_score function, which compares the predicted
scores with the true scores and calculates the proportion of correct answers.

Accuracy=accuracy_score(y_test,y pred)

( accuracy; )
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Result: Accuracy: 1.0

Saving a decision tree in DOT format using the export_graphviz function. This step saves the

decision tree in DOT format using the export_graphviz function, which writes the structure of the

tree and its metrics to a text file. The DOT format is a graph description language.
e =X_columns

Visualization of a decision tree on a chart using the plot_tree function and calculation, output of a
quality metric. This step plots the decision tree using the plot_tree function, which plots the tree
with node and leaf labels. It also allows us to evaluate how well our decision tree predicts the
type of page in two ways: petal width and sepal width.

plt.figure( =
tree. plut nr’r-ult =X.columns

classification reportly test, vy '_‘.IL'E.'[j-]:I

/\
’///,,_4:\ =
fay o oy
/’/%;Z:Ex
o8 A W S W el 0 TN TR
e & R
= o e
AT AN 1 7 R s FRr | Mm——
' o e e
b e = g
= e e e B M
e e e o
L=l
acdr Q= [

Figure 2. The resulting graph in the visualization stage.
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Figure 3. Classification report

Conclusions

In the article, a decision tree was built and carried out qualitative analysis of the obtained results.

« The decision tree that we have obtained can solve the problem of classifying the type of page
in a social network. This can be useful for different purposes, for example:

o We may analyze the interests and preferences of your audience by the types of pages they like
or comment on. This will help you create more relevant and engaging content for them.

e You can segment your audience by the types of pages they like or comment on. This will help
us to set up more effective advertising campaigns or offer more suitable products or services for
them.

o It is possible to research competitors by the types of pages they like or comment on. This will
help us identify their strengths and weaknesses, as well as find potential niches or development
opportunities.
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Table 1.

Table 1: Summary of formatting requirement for submitting paper in this journal.
(Times New Roman, 12)

Layout Size Margin (Normal) | Header Footer
Single column A4 (827" X | Top=1” Do not add So not add
11.697) Bottom=1" anything in the | anything in the
Left=1” header footer
Right=1"
Font Avrticle Title Headings Subheadings Reference list | Text
Times New Times New Times New Times New Garamond, 11
Roman, 16 pt, | Roman, 11 pt, Roman, 10 pt, Roman, 8 pt, pt, Justified
Bold, centred | Bold, Left aligned | Bold, Left Justified
aligned
Line Spacing 1.15 1.15 1.15 1.15 1.15
Page number We will
format and
assign page
numbers
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Times New Roman,(10)

Figure 1: Logo of the AIJR Publisher (Times New Roman, 12)

Formatting Figures (Times New Roman, 12)

All figures should be cited in the paper in a consecutive order, author may be asked to provide
separate files of the figure. Figures should be used in bitmap formats (TIFF, GIF, JPEG, etc.) with
300 dpi resolution at least unless the resolution is intentionally set to a lower level for scientific
reasons. If a bitmap image has labels, the image and labels should be embedded in separate layer.
Figure 1 shows the logo of AIJR Publisher.

Conclusions (Times New Roman, 12)

Each manuscript should contain a conclusion section within 250-450 words which may contain
the major outcome of the work, highlighting its importance, limitation, relevance, application and
recommendation. Conclusion should be written in continuous manner with running sentences
which normally includes main outcome of the research work, its application, limitation and
recommendation. Do not use any subheading, citation, references to other part of the manuscript,
or point list within the conclusion.

Declarations (Times New Roman, 12)

Study Limitations (Times New Roman, 12)
Provide all possible limitation faced in the study which might significantly affect research
outcome, If not applicable write, none.

Acknowledgements (Times New Roman, 12)

All acknowledgments (if any) should be included in a separate section before the references and
may include list of peoples who contributed to the work in the manuscript but not listed in the
author list.

Funding source (Times New Roman, 12)
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Provide funding source, supporting grants with grant number. The name of funding agencies
should be written in full, if no funding source exist, write, none.

Competing Interests (Times New Roman, 12)

Declare any potential conflict of interest exist in this publication.

Human and Animal Related Study (Times New Roman, 12)

If the work involves the use of human/animal subjects, each manuscript should contain the
following subheadings under the declarations section-

Ethical Approval (Times New Roman, 12)

Provide ethical approval authority name with the reference number. If ethical approval is not
required, provide an ethical exemption letter of not required. The author should send scan copy (in
pdf) of the ethical approval/exemption letter obtained from IRB/ethical committee or institutional
head.

Informed Consent (Times New Roman, 12)
Write a statement of informed consent taken from the participants to publish this research work.
The editor may ask to upload scan copy if required.

References (Times New Roman, 12)

Author(s) are responsible for ensuring that the information in each reference is complete and
accurate. Do not use grey literature (unauthentic website, news portal, social media,
Wikipedia etc) as reference, only scholarly literature (Journal, online books, proceedings,
patents, authentic websites with permanent archival policy) are acceptable references.
Author should include sufficient recent (last 2 years) references in the article. All references must
be numbered consecutively and citations of references in the text should be identified using
numbers in square brackets (e.g., “as explained by AIJR [1]”; “as discussed in many reports [2]-
[6]”). All references should be cited within the text correctly; do not add only list of references
without citation within the text. All cited references should be listed after declarations section in
the following style-

1. W. S. Author, “Title of paper,” Name of Journal in italic, vol. X, no. X, pp. XXX-XxX,
Abbrev. Month, year. https://doi.org/10.21467/ajgr

2. Bahishti, “Peer Review; Critical Process of a Scholarly Publication”, J. Mod. Mater., vol.
2,no. 1, pp. 1.1-1.2, Oct. 2016. https://doi.org/10.21467/jmm.2.1.1.1-1.2

3. Bahishti, “A New Multidisciplinary Journal; International Annals of Science”, Int. Ann.
Sci., vol. 1, no. 1, pp. 1.1-1.2, Feb. 2017. https://journals.aijr.in/index.php/ias/article/view/163

4, W. S. Author, “Title of paper,” Name of Journal in italic, vol. X, no. X, pp. XXX-XxX,

Abbrev. Month, year. Access online on 20 March 2018 at https://www.aijr.in/journal-
list/advanced-journal-graduate-research/

5. W. S. Author, “Title of paper,” Name of Journal in italic, vol. X, no. X, pp. XXX-XXX,
Abbrev. Month, year. Access online on 5 March 2018 at https://www.aijr.in/about/publication-
ethics/

6. M. Ahmad, “Importance of Modeling and Simulation of Materials in Research”, J. Mod.
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Main features of citation style are given as-

. The author name format is, "first name (Initial), middle name (Initial) and last name". This
differs from other styles where author's last name is first.

. The title of an article (or chapter, conference paper, patent, etc.) is in quotation marks.

. The title of the book or journal is in italics.

. Online link of the original paper. If any reference is not available online, it should be

modified with available online reference

Ha3Banue cratbu (14 myHkToB, noay:;kupHbiii mpudt, Times New Roman)

Hms nepsoro apropal, Ums BTOporo apropa?, Ums Tpernero apropa’, .......

(Times New Roman, 12)

Upunannexuocts (kadenpa, hakyabTeT/KOMIEIK, HHCTUTYT/YHUBEPCUTET)

23Ad¢ummanus  Ipyrux  aBTOpOB, eciM  oTimuaercs  (kadempa,  (haKyJIbTeT/KOIIEIK,
WHCTUTYT/yHUBEPCUTET)

DJNeKTpOHHAs M0YTa OTBETCTBEHHOTO aBTOPA:

(Times New Roman, 10)

Tun crareu: MHGOpMALIUIO O JOMYCTUMBIX THITAX CTATEH CM. B IOJUTHKE pa3ieia KypHaja.

AHHOTAIUSI (Times New Roman, 12)

Pykonuche momkHa comepkarh aHHoTanuio B mpenenax 300 cioB. Pykomwch pomxkHa UMETh
CaMOJ0CTaTOUHBIM pedepaT 0e3 UMTUPOBAHUS U KPaTKO H3JIarath Iellb HCCIEI0BaHUS,
METO/IOJIOTHIO, OCHOBHBIC PE3yJIbTaThl U OCHOBHBIC BBIBOJBI. AHHOTAIUS JIOJDKHA OBITh B OJTHOM
ab3ane ¢ mpennokeHUsMU. He ucmonb3yiTe MOA3aroJIOBKH WM CIIHCOK TOYEK B aHHOTAIUH.
Kpome Ttoro, cnegyer u3berarb HECTAaHIAPTHBIX WM HEOOBIYHBIX COKpAIEHUM, HO, €CJIIM OHU
HEO0OXOUMBI, OHH JTOJKHBI OBIThH OIpe/ieJICHbl IPU UX MEPBOM YIIOMHHAHUU B caMoOM pedepare.
KitoueBbie croBa: ABTOpaM PEKOMEHIIYETCS YKa3bIBaTh 3-5 KITFOUYEBBIX CIIOB, OTHOCSIIMXCS K
CTaThe, Yepe3 3amsiaTyr0. ITU KIYeBbIe CII0OBa OYIyT UCIOIB30BATHCA IS eIl WHICKCAIIH.

Magalanin adi (14 punkt, Qahin, Times New Roman)

Birinci Miiallifin Adit, ikinci Miiallifin Adi2, Ugtincti Miiallifin Adi®, (Times New Roman, 12)
! Afiliasiya (Departament, Fakiilto/Kollec, Miiossisa/Universitet)

2 3pgor farqlidirss, digor miiolliflorin  monsubiyyati (Departament, Fakiilto/Kollec,
Miisssiso/Universitet)

Cavabdeh miisllifin e-pogtu:

(Times New Roman, 10)

Moaqals ndvii: Magbul moaqals névloari tigiin jurnalin bélms siyasatino baxin.

XULAS® (Times New Roman, 12)
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Olyazmada 300 sézdon ibarot abstrakt olmalidir. Olyazma 6z mozmunlu, sitatsiz bir referat
olmalidir vo tadqiqatin mogsadini, metodologiyasini, asas naticolorini vo osas alinmis naticalori
qisa sokilds ifads etmolidir. Xiilaso davam edon ciimlalarlos bir paragrafda olmalidir. Xiilasads heg
bir alt basliq vo ya noqtolor siyahisindan istifado etmoyin. Bundan olava, geyri-standart vo ya
geyri-adi abbreviaturalardan qagmaq lazimdir, onlara ehtiyac olduqda, onlar xiilasado qeyd
edilmokls yerlari toyin olunmalidir.

Acar sozlor: Miisllifloro moqaloyo aid 3-5 agar sozii vergiillo ayiraraq yazmalar1 tovsiys olunur.
Bu agar sozlor indekslogdirmo mogsadils istifado olunacagq.

Complete Detail of Each Author
Provide complete detail of each author in the following format as well as add each author with
complete detail during online submission (step 3) in the same order as appears in the manuscript.

First Author’s Full Name: (Times New Roman, 12)

Highest Qualification:

Department:

Post/Rank (If a student, provide course name and course year):
Affiliation (College/University/Institute) with postal address:
email id:

ORCID:

Mobile:

Second Author’s Full Name: (Times New Roman, 12)
Highest Qualification:

Department:

Post/Rank (If a student, provide course name and course year):
Affiliation (College/University/Institute) with postal address:
email id:

ORCID:

Mobile:

Third Author’s Full Name: (Times New Roman, 12)

Highest Qualification:

Department:

Post/Rank (If a student, provide course name and course year):
Affiliation (College/University/Institute) with postal address:
email id:

ORCID:

Mobile:
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