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ABSTRACT

Report 139 pages, 25 figures, 11 tables, 63 sources, 18 app.
INTELLIGENT CONTROL SYSTEMS, COMPLEX OBJECT, SMART - TECHNOLOGY, ARTIFICIAL IMMUNE SYSTEMS, MODIFIED ALGORITHMS
The object of the research is control systems for complex objects of industrial automation in the oil and gas industry.
The goal of the research is to develop cognitive Smart - technologies, models, algorithms and software for creating effective intelligent control systems for complex nonlinear dynamic objects with parameter uncertainties for various applications based on the development of the latest approaches of artificial immune systems (AIS) and other artificial intelligence methods using modern computer facilities.
Work methods. During the research, there were used modified AIS algorithms.
Results of work and their novelty. For 2020, the following main results were obtained:
- there was created a system for diagnostics of industrial equipment on the basis of modified AIS algorithms and the AMDEC approach using modern microprocessor technology from Schneider Electric. The assessment of the degree of criticality of U700 equipment failures of the TengizChevroil enterprise was carried out on the basis of the calculation of the RPI risk priority index, the analysis of the criticality of equipment faults was carried out using the indicators of the degree of criticality and the probability of faults.
- there was developed an information optical Smart-technology of distance learning for the distributed control Experion PKS system by Honeywell for operators of the oil and gas industry based on the AIS approach and on an innovative methodology for the ergonomic design of cognitive mnemonic diagrams, taking into account the peculiarities of vision and psychophysiological characteristics of students.
- there was developed software for the implementation of a Smart-technology for creating intelligent complex control systems for various applications.
Field of application of the results: Industrial enterprises of the oil and gas industry.


РЕФЕРАТ

Есеп 139 б., 25 сурет., 11 кесте., 63 дереккөз, 18 қосымша.
ИНТЕЛЛЕКТУАЛДЫ БАСҚАРУ ЖҮЙЕЛЕРІ, КҮРДЕЛІ ОБЪЕКТ, SMART – ТЕХНОЛОГИЯ, ЖАСАНДЫ ИММУНДЫ ЖҮЙЕЛЕР, МОДИФИКАЦИЯЛАНҒАН АЛГОРИТМДЕР
Зерттеу объектісі - мұнай-газ саласындағы өндірістік автоматтандырудың күрделі объектілерін басқару жүйелері болып табылады. 
Зерттеудің мақсаты – есептеу техникасының заманауи құралдарын пайдалана отырып жасанды иммундық жүйелердің (ЖИЖ) және басқа да жасанды интеллект әдістерінің негізінде әртүрлі қосымшаларды құру үшін параметлері белгісіз күрделі сызықтық емес динамикалық объектілерді басқарудың тиімді интеллектуалды жүйелерін құрудың когнитивті Smart – технологиясын, модельдерін, алгоритмдерін және бағдарламалық жасақтамасын жасау.  
Жұмысты жүргізу әдісі. Зерттеу жүргізу барысында модификацияланған ЖИЖ алгоритмдері қолданылды. 
Жұмыстың нәтижелері және олардың жаңашылдығы. 2020 жыл үшін келесідей негізгі нәтижелер алынды: 
- Schneider Electric фирмасының заманауи микропроцессорлық техникасын пайдаланатын AMDEC тәсілдемесінің және ЖИЖ модификацияланған алгоритмдерінің негізіндегі өндірістік жабдықтардың диагностикалық жүйесі құрылды.  RPI тәуекелінің басымдығының индексін есептеу негізіндегі ТеңізШевройл кәсіпорнының У700 жабдығының істен шығу қаупінің деңгейін бағалау жүзеге асырылды, жабдықтың істен шығуының сыни деңгейі мен бұзылу ықтималдығының көрсеткіштерін қолдана отырып талдау жасалды. 
- ЖИЖ негізінде мұнай - газ саласының операторларына арналған Honeywell фирмасының Experion PKS таратылған басқару жүйесін қашықтықтан оқытудың ақпараттық-оптикалық Smart-технологиялары жасалды және оқып-үйренушілердің психофизиологиялық сиппаттамалары мен көру ерекшеліктерін ескере отырып когнитивті мнемосұлбасының эргономикалық жобалау әдістемесі құрылды. 
- Әртүрлі қосымшаларға арналған интеллектуалды күрделі басқару жүйелерін құру үшін Smart-технологиясын жүзеге асырудың бағдарламалық жасақтамасы құрылды. 
Нәтижелерді қолдану саласы: Мұнай-газ саласының өнеркәсіптік кәсіпорындары.
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DEFINITIONS, SYMBOLS AND ABBREVIATIONS

The following terms with the corresponding definitions, designations and abbreviations are used in the report:
	DB
	– data base

	DL 
	– distance learning

	DC
	– distillation column

	AI
	– artificial intelligence

	IS
	– intelligent system

	МАS
	– multi-agent systems

	SS
	– software support

	AIS (Artificial Immune Systems)
	– artificial immune systems

	AMDEC (l'Analyse des Modes de 
Défaillances, de leurs Effets et de leur Criticité)
	– methodology for equipment diagnostics to identify possible failures and their causes, as well as for the analysis of the consequences of failures for the system

	CLONALG (Clonal Selection Algorithm)
	– clonal selection algorithm

	DCS (Distributed Control System)
	– distributed  control system

	FPA (Flower Pollination Algorithm)
	– flower pollination algorithm

	GA (Genetic Algorithm) 
	– genetic algorithm

	GWO (Grey Wolf Optimizer)
	– grey wolf optimizer

	JADE (Java Agent Development Framework)
	– software development environment for multi-agent systems

	K-nn (Nearest neighbor method)
	· nearest neighbor method

	MATLAB (Matrix Laboratory)
	· software package for solving technical computing problems

	NSA (Negative Selection Algorithm)
	· negative selection algorithm

	RF (Random Forest)
	– random forest

	ROC (Receiver Operating Characteristic)
	– a graph that allows to assess the quality of a binary classification

	UCI (UC Irvine Machine Learning Repository)
	– repository




 
INTRODUCTION

Assessment of the current state of the problem and its relevance. Modern industrial control systems for complex objects are created using the latest achievements in the field of microprocessor technology and on the basis of a set of technical means of leading manufacturers. Large industrial enterprises in the oil and gas, metallurgical, aerospace and other industries are automated taking into account the requirements for the reliability, safety and efficiency of the equipment. An important factor is the timely analysis and diagnostics of control systems, since even minor unpredictable faults in equipment operation can lead to an emergency, as well as to a loss of economic efficiency of production. Distributed enterprise control systems are overloaded with a stream of data, which are mostly archived and not further analyzed. Integration of the latest achievements in artificial intelligence (AI) is an effective solution to this problem. In turn, the bioinspired approach of AIS is rapidly developing, which has the following advantages: the ability to process a large amount of production data, the ability to parallel data processing, self-training, the presence of memory and prediction at the class boundary. Since at present there are no universal AI algorithms capable of equally efficiently performing predictions for various types of production data, the development of modified AI algorithms is effective.
Basis and initial data for the development of the topic. Grant financing of the MES RK is the basis for research on the project topic. The initial data for the project are scientific publications in rating journals, publicly available databases, technical documentation of leading manufacturers of industrial equipment, as well as real production data from Tengiz Chevroil.
Justification of the research need. The active development of new innovative bio-inspired approaches of AI and AIS opens wide opportunities for creating highly effective optimal prediction and control systems for complex objects and high-tech production lines in the oil and gas industry, which contributes to the significant development of the economy of Kazakhstan.
Information about the planned scientific and technical level of development. The proposed cognitive Smart-technology for creating effective intelligent control systems for complex objects using AIS ensures the implementation of the Industrialization 4.0 program at a high level, which is a very important factor in the development of Kazakhstan's industry.
Information about the methodological support of research work. In the methodological support of scientific research, there are used the theoretical foundations of immunology, chemometrics and chemoinformatics, molecular biology, artificial intelligence and information about modern microprocessor technology, which are widely used in production.
The relationship of this work with other research projects. The research is a continuation of a large cycle of work on grant financing projects of the Ministry of Education and Science of the Republic of Kazakhstan on the development of intelligent systems for prediction and control of complex objects in conditions of parameters uncertainty using innovative bio-inspired approaches of AI: No. 0115RK00538 (2015-2017), No. 0112RK00324 (2012-2014 yy).
Research goals and objectives. The goal of this project is to develop a cognitive Smart - technology, models, algorithms and software for creating effective intelligent control systems for complex nonlinear dynamic objects with parameter uncertainties for various applications based on the development of the latest achievements of artificial immune systems and other artificial intelligence methods using modern computing technologies that ensure the technological progress of the national economy and have high socio-economic importance.
Main objectives for 2018-2020:
- Development of an effective Smart-technology for creating dynamic intelligent control systems for complex objects based on a cognitive approach and the latest AI developments (artificial immune systems, swarm intelligence algorithms, neural networks, genetic algorithms, fuzzy set theory and multi-agent systems) for various applications.
- Synthesis of a multifunctional AIS, consisting of subsystems that implement the basic mechanisms and algorithms for the functioning of the human immune system (molecular recognition, clonal selection and negative selection) in order to assess the state and to predict the behavior of an intelligent system, to diagnose equipment, for decision-making support and to promptly correct the behavior of the system.
- Creation of new modified AIS algorithms using algorithms of swarm intelligence, neural and genetic algorithms, as well as developing software for their implementation in a multifunctional AIS.
- Development of a diagnostic system for industrial equipment based on the proposed modified AIS algorithms, AMDEC approaches (Analyze Des Modes de Défaillance set des leurs Effect set leur criticité, analysis of operating modes and faults, their effect and degree of criticality) and modern microprocessor technology.
- Creation of mnemonic diagrams for managing complex objects using the latest advances in artificial intelligence and cognitive technologies.
- Implementation of a multifunctional IMS based on a multi-agent approach using cognitive agents in the synthesis of intelligent control systems for various applications in industrial automation systems, technological processes in the oil and gas industry and education.
- Creation of mnemonic diagrams for complex objects control using the latest achievements in artificial intelligence and cognitive technologies.
- Implementation of a multifunctional AIS based on a multi-agent approach using cognitive agents in the synthesis of intelligent control systems for various applications in industrial automation systems, technological processes in the oil and gas industry and education.
According to the calendar plan for 2020, the first section is devoted to the development of a diagnostic system for industrial equipment based on AMDEC approach and modified AIS algorithms using the example of industrial equipment from Schneider Electric. The second section discusses issues related to the development of an information optical Smart- technology for distance learning on the Honeywell Experion PKS distributed control system for the oil and gas industry and the creation of an innovative methodology for ergonomic design of cognitive mnemonic diagrams, taking into account the peculiarities of vision and psychophysiological characteristics of students. The third section is devoted to the development of software for the implementation of a Smart-technology for creating a control system for technological processes in the oil and gas industry.
Scientific novelty lies in the development of a Smart-technology for the synthesis of intelligent control systems for complex objects based on multifunctional AIS, using new modified algorithms that implement all AIS directions for assessing the state of the control system based on intelligent analysis of multidimensional data, predicting behavior, diagnosing equipment, supporting decision making and operational correction of the system's behavior using multi-agent, ontological approaches and cognitive technologies for various technical and technological applications of the oil and gas industry and education, as well as the possibility of implementation of this technology into real production. There are no analogs of developments for this type of tasks.
The proposed final report is a continuation of the intermediate reports for 2018-2019:
· for 2018 year - inventory number № 0218РК00177;
· for 2019 year - inventory number № 0219РК00495.


1 Diagnostics of industrial equipment and prediction of faults based on modified algorithms of artificial immune systems and AMDEC methodology 

Nowadays, the design, construction or modernization of industrial plants such as oil refineries is a costly process with a number of technical difficulties. Replacement of a set of technical means or modernization of old equipment leads to a stop of a complex of technological lines and to subsequently financial losses of the enterprise, since this process practically does not pay off. Maintaining expensive equipment in working mode, timely diagnostics and prediction of critical conditions is an urgent task.
There are developed a large number of models for analyzing equipment failures and their criticality, such as: AMDEC (l'Analyse des Modes de Défaillances, de leurs Effets et de leur Criticité) [1,2], HAZOP (Hazard and Operability Study), FTA (fault tree analysis) [3], etc.
The AMDEC approach, which represents a safety assessment methodology for determining faults at the level of hardware and software systems, has become widespread [4]. For example, the work [5] presents the AMDEC methodology for determining the service life and storage of rubber seals. The methodology aims to identify potential seals and O-ring faults during manufacturing at various phases of the product life cycle.
The AMDEC approach is successfully used by a large manufacturer of industrial equipment and software, Schneider Electric [6]. According to European legislation, Schneider Electric is guided by international standards in the field of equipment safety: EN/ISO 13849-1 (Safety of equipment - Safety components); EN62061 (Safety of equipment - Functional safety), etc. The assessment of the diagnostic capabilities of Schneider Electric equipment is carried out using the analysis of emergency modes and consequences. The standard describes four ranges of equipment diagnostic capabilities: no diagnostic capability (DC <60%); low level (60% <DC <90%); medium level (90% <DC <99%); high level (99% <DC).
In turn, the intellectualization of the process of industrial equipment diagnostics is a promising area of research. Among bioinspired AI methods, the artificial immune systems (AIS) approach, widely used for the development of diagnostic systems, has proven itself well. The work [7] presents an intelligent maintenance system based on AIS, built into the equipment, which performs the function of local diagnostics. The practical implementation of the diagnostic system was carried out using multi-agent systems.
Research [8] focuses on the application of AIS with continuous learning in order to diagnose voltage disturbances in electrical distributed systems. The work [9] provides an overview of the use of artificial immune systems for fault detection, equipment diagnostics, and elimination of failures.
Since there are no universal algorithms that meet the requirements of reliability and high accuracy of the prediction, it is advisable to create modified AIS algorithms to improve the efficiency of prediction models [10].

1.1 Problem statement

The statement of the research problem is formulated as follows: it is necessary to develop a diagnostic system for industrial equipment taking into account the quality standards and diagnostic capabilities of Schneider Electric equipment based on the AMDEC methodology and modified algorithms of artificial immune systems on the example of a real complex control object Unit 700 for gas fractionation at TengizChevroil.

1.2 Industrial equipment diagnostics system based on AMDEC

The AMDEC approach is a convenient methodology for identifying possible faults and their causes, as well as for analyzing the consequences of faults on the system. This approach was firstly developed in the USA as a standard MIL-STD-1629 “Procedures for Performing a Failure Mode, Effects and Criticality Analysis” [2, 11].
AMDEC methodology is an engineering analysis by experts in a specific subject area and has the following special capabilities: it allows to identify equipment faults and identify their causes; to assess the consequences of faults for the entire system; to assess the risks of system faults and to prioritize decision making; to take actions to solve the most serious problems; to archive analysis results data in a knowledge base.
Figure 1.1 shows a general view of the table based on the AMDEC methodology and a matrix form for assessing the criticality of a fault


Figure 1.1 - AMDEC methodology
Failure assessment and criticality analysis are based on the risk priority index indicator, which is calculated using the following formula: 


                                                         (1.1)

where S – «severity» degree of criticality, assessed by a scale from 1 to 4 (1 - minimum degree of criticality; 2 - significant degree of criticality; 3 - critical degree; 4 - catastrophic degree); O - "occurrence" probability of occurrence, ranging from 1 to 4 (1 - very low probability of occurrence; 2 - low degree; 3 - medium degree of occurrence probability; 4 high degree of occurrence probability); D - "Detection" is the probability of not being detected, assessed by a scale from 1 to 4.
The AMDEC methodology is a convenient platform for developing a diagnostic system for industrial equipment based on modified AIS algorithms.

1.3 Development of a diagnostic system based on modified AIS algorithms and AMDEC 

The quality of the prediction depends significantly on the nature of the analyzed data, the dimension and the formulation of the research problem. There are no universal algorithms that can predict results with the same accuracy on different datasets. It is possible to increase the predictive capabilities of models by selecting informative features and compiling an optimal data set.
Flower Pollination algorithm (FPA) is a promising optimization method for selection of informative features. The FPA algorithm was developed by the scientist Yang Xin-She in 2012 [12-14] and simulates the process of flowers pollination in nature. The method of flower pollination is successfully used for equipment diagnostics. For example, in [15], a new binary algorithm for chaotic flowers pollination is presented for diagnosing analog errors. FPA is based on the natural process of flowers pollination for further reproduction of the species. There are different ways of flowers pollination: biotic form (the process of transfer of pollen is carried out with the help of pollinators); abiotic form (self-pollinated flowers). Figure 1.2 shows the process of flowers pollination in nature.




Figure 1.2 - Flowers pollination process

Let consider the flower pollination algorithm taking into account the following provisions for global and local pollination [12-14]:
Remark 1. The process of global pollination is based on a biotic form. The biotic form is characterized by the transfer of pollen from the anther of one flower to the stigma of the pistil of another flower using a pollinator (insects, birds, etc.). This process is described using a Levy flight [12].
Remark 2. Local pollination is considered in the form of an abiotic form (self-pollination), when pollen is transferred from the anther on the stigma of the pistil of one flower.
Remark 3. The concept of flower constancy is introduced, in which individual pollinators visit certain types of flowers.

Remark 4. Local and global pollination occurs with a probability 




At the initial stage of the algorithm there is carried out random generation of the initial population of flowers [13-15]. In order to obtain a new solution, the type of pollination must be determined with a probability  A random number  is generated. Two cases are considered: value  and :
1. 
If , then the provisions of Remark 1 and Remark 3 are valid. Global pollination is carried out, described by the formula: 


                                                                                                (1.2)







where  - solution  at the moment of time ; - current best solution; - scaling factor; - step size at a Levy flight. 
2. 
If , then the provisions of Remark 2 and Remark 3 are valid. Local pollination is carried out on the basis of the formula: 


                                                                                   (1.3)




where - two randomly selected solutions; - random number in the interval . 
Then the current best solution is updated and iterations continue until the stop criterion is reached. On the basis of the flowers pollination method, there is developed a modified FPA-AIS algorithm given below. 

Algorithm.

STEP 1. Collection of data on parameters of equipment failures [16]. Formation of a database of equipment faults. 
STEP 2. Selection of informative features based on the flower pollination algorithm.

STEP 2.1 Initialization of the initial population of flowers with a probability . Selection of the number of iterations. 

STEP 2.2 Assessment of the initial population and search for the best solution .
STEP 2.3 Equation-based global/local pollination procedure (1.2, 1.3). 
STEP 2.4 Updating positions. 
STEP 2.5 Updating solutions taking into account the best solution. 
STEP 2.6 Saving the current best solution. 
STEP 2.7 Checking the reaching of a given number of iterations. 
STEP 3 Formation of a database of informative features. 
STEP 4. AIS-based pattern recognition problem solution [17]. 
STEP 5. Equipment condition prediction. Recommendations on decision making. 

Additionally, previously developed algorithms are considered as modified AIS algorithms: RF-AIS [17] and GWO-AIS [18].
The modified RF-AIS algorithm consists of the following stages: 1 - formation of a database (DB) of equipment state parameters; 2 - reduction of non-informative parameters based on the Random Forest (RF) algorithm; 3 - diagnostics of the equipment state using immune network modeling [17, 18]; 4 - evaluation of the efficiency of the algorithm; 5 - prediction of the degree of criticality of the failure, decision-making on faults elimination.
Since the prediction results largely depend on the initial data, an additional modified GWO-AIS algorithm is used for the equipment diagnostics system. This algorithm is formed on the basis of the following stages: Stage 1 - formation of a database of object parameters; Stage 2 - reduction of non-informative parameters based on the Grey Wolf Optimization (GWO) method; Steps 3-5 are similar to the modified RF-AIS algorithm.
A block diagram of a diagnostic system for industrial equipment based on modified algorithms of artificial immune systems and the AMDEC approach is shown on figure 1.3.
The principle of operation of the diagnostic system is following. At the initial stage, data collection is carried out. The formed database of parameters of industrial equipment operation (readings from sensors, information about failures, etc.) is connected to the diagnostic system. Next, the process of identifying potential weak points of the object (the equipment under consideration) is carried out: analysis of the operating experience of the object, reliability testing, etc.
At the next stage, a list of failure modes is formed for further analysis, where internal and external causes of equipment failure can be considered. Further, data mining is carried out based on modified AIS algorithms. The type of the modified algorithm is selected and the severity of the equipment failure is determined on the basis of the selected algorithm.
Then are assessed the effectiveness of the modified algorithm using characteristics (Accuracy, Classification Error, Precision, Recall, F-measure, etc.) and the influence of the failure on the entire system. After analyzing the data by the modified AIS algorithms, there is made a comparative analysis of their effectiveness. The algorithm with the best predictive result is selected. After that, a prediction and decision-making to eliminate equipment faults is carried out.



Figure 1.3 - Block diagram of a diagnostic system based on modified AIS and AMDEC algorithms

1.4 Modeling results 

The effectiveness of the developed diagnostic system is assessed on the basis of real production data of TengizChevroil. Considered [19] the technological process U700 of the complex technological line 2. The modeling was carried out on the basis of software from Schneider Electric, Unity Pro (current name EcoStruxure Control Expert). Gas fractionation is carried out on Unit 700. The gas purified from acidic components is separated into fuel gas and liquefied petroleum gas. The enlarged mnemonic diagram of the U700, developed in the Unity Pro software (Schneider Electric), is shown on Figure 1.4. Description of the U700 units is presented in Appendix E (Table E.1).

[image: ]

Figure 1.4 - Fragment of enlarged mnemonic diagram of U700

The current technical regulations provide general deviations from the technological process, as well as possible causes and solutions [19, 20]. Appendix F (Table F.1) shows a fragment of the U700 valve specification. The specification of failures and options for their elimination in accordance with technical regulations are presented in Appendix G (Table G.1). Based on Table B.1, as well as the daily report of the TengizChevroil coordinator, a database is formed for equipment diagnostics on the basis of the AMDEC approach (Appendix K, Table K.1).

The proposed AMDEC model is supplemented with data mining based on modified AIS algorithms (FPA-AIS, RF-AIS, GWO-AIS). Let's consider an example of industrial equipment diagnostics using the U700 as an example using modified AIS algorithms. The specification of a fragment of the database of the permissible range of U700 technological parameters is presented in Appendix L (Table L.1). The purpose and place of installation of the U700 sensors are described in Appendix M (Table M.1). According to the permissible range of U700 technological parameters, there is formed a database (Appendix N) of daily measurements from sensors and information about equipment failures (a fragment of the database is given in Table 1.1,). The size of the database  is 12800 copies.

 Table 1.1 - Fragment of a database for equipment diagnostics
	Unit ID
	S1
	S2
	S3
	S5
	…
	Sn
	Failure

	Unit 1
	12345.0
	6.56
	6.87
	7.0
	…
	400, 347
	Yes

	Unit 2
	11722.7
	5.733
	6.0
	5.5
	…
	423,987
	No

	Unit 3
	11909.1
	5.906
	6.6
	5.3
	…
	187,356
	No

	…
	…
	…
	…
	…
	…
	…
	…

	Unit 128
	11132.2
	6.245
	6.0
	5.0
	…
	542.23
	Yes



The reduction of non-informative parameters of the U700 is carried out using the FPA, GWO, RF methods. Figure 1.5 shows an example of selecting informative features based on FPA. Parameters S7, S11, S4 are significant, and S9, S12 and S10 must be reduced.

[image: ]
Figure 1.5 - Selection of informative features based on the FPA algorithm

The next step is to predict the equipment state on the basis of AIS. For example, the experts select 2 classes: Yes - equipment failure; No - the equipment is operating normally. The criticality of the failure is assessed by a point system in the range from 1 to 4 (1 - minimum criticality, 2 - pre-emergency state, 3 - emergency state, 4 - critical state). Table 1.2 presents a comparative analysis of the modeling results of the U700 parameter database using algorithms: FPA-AIS, RF-AIS, GWO-AIS, clonal selection (CLONALG), artificial immune recognition system (AIRS) and nearest neighbor method (K-nn ).

Table 1.2 - Assessment of the effectiveness of equipment diagnostics based on AI algorithms 
	Assessment
	FPA -AIS
	RF-AIS
	GWO -AIS
	CLONALG
	AIRS
	K-nn

	Accuracy
	96,66%
	92,72%
	95,33%
	64,64%
	61,61%
	68,44%

	Clas. error
	3,33%
	7,27%
	4,66%
	35,35%
	38,38%
	31,66%

	Precision
	0,942
	0,929
	0,923
	0,542
	0,623
	0,701

	Recall
	0,963
	0,927
	0,942
	0,667
	0,616
	0,770

	F-measure
	0,951
	0,927
	0,933
	0,598
	0,599
	0,723

	ROC area
	0,965
	0,949
	0,952
	0,654
	0,571
	0,724



The following characteristics were selected as assessments: accuracy, classification error, precision, recall, F-measure, ROC - error curve. Figure 1.6 presents a comparative analysis of the modeling results based on the ROC (Receiver Operating Characteristic) indicator.
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Figure 1.6 - Comparative analysis of the modeling results for ROC assessment

According to the research results in this example, the modified FPA-AIS algorithm showed the highest efficiency - 96.66%. Equipment diagnostics based on the AMDEC model and modified AIS algorithms are shown on figure 1.7.
The developed diagnostic system based on the AMDEC approach and modified AIS [21] algorithms combines the latest achievements of modern equipment diagnostic methods and artificial intelligence approaches.


Figure 1.7 - Equipment diagnostics based on modified AIS algorithms

The methodology allows the remote collection and processing of information for data analysis and gives recommendations for decision making in case of equipment failures. There is reduced the load on expert operators, who must manually fill out information about the state of equipment in the AMDEC model. The introduction of modified AIS algorithms due to the properties of autonomy, adaptability and self-organization allows to identify equipment faults not only within the framework of already known failures, but also in case of emergency situations. 

1.5 Conclusion 

The following main results were obtained:
- Created a system for diagnostics of industrial equipment on the basis of modified AIS algorithms and the AMDEC approach using modern microprocessor technology from Schneider Electric.
- Developed a block diagram of the functioning of the industrial equipment diagnostic system based on the AMDEC approach and modified AIS algorithms using FPA, RF, GWO methods.
- The degree of criticality of equipment failures U700 of TengizChevroil was assessed on the basis of the calculation of the risk priority index RPI, the criticality of equipment failures was analyzed using indicators of the degree of criticality and the possibility of failure, and an example of the specification of possible equipment failures was given. Therefore, the intellectualization of diagnostics of industrial equipment makes it possible to simplify data analysis, timely to identify failures and to assess their criticality. 

2 Development of mnemonic diagrams for complex objects control using the achievements of artificial intelligence and cognitive technologies

At modern oil and gas enterprises, when managing complex technological processes, in the presence of large amounts of information and the need to process data in real time, the risks of a person making erroneous decisions significantly increase. An urgent task is the development of cognitive methods of perception of visual information from the monitor screen to improve the efficiency of work [22], since there is an increased load on human vision. Many papers have been published for various applications devoted to this problem [23]. Analysis of statistical production data shows that about 70% of all accidents are caused by human factors. Cognitive methods are actively used in the development of complex human-machine interfaces, which can reduce the percentage of emergency situations caused by the operator [24].
World experience [25] shows the integration of industry and innovation in the development of strategic development plans and implementation of the Industry 4.0 program. Therefore, it is especially important to use innovative cognitive optical technologies and modern methods of artificial intelligence in the development of graphic mnemonic diagrams containing signal images of equipment on displays of workstations, operator screens and dispatch consoles.
In addition, the remoteness of oil and gas facilities and the need for effective and high-quality training of technical personnel on modern complex equipment is one of the important tasks facing the management of high-tech industrial production. There is an acute issue of training professional engineering personnel to work with modern technologies and complex industrial equipment. World leaders in the production of equipment, such as Honeywell, Sсhneider Electric, etc., pay great attention to distance learning (DL) of technical personnel and practical work skills. The distributed control system (DCS) of Honeywell's Experion PKS is widely used in the oil and gas industry, which is a set of tools for solving various automation problems, from collecting and processing information to optimizing the operating modes of technological processes [26].
The use of artificial immune systems approach is promising in the development of distance learning information technology for Experion PKS equipment. This approach is actively used to solve a wide range of problems in pattern recognition, optimization, prediction, classification, diagnostics, clustering, information protection and education. For example, the study [27] discusses issues related to the problem of recognition of visual images in real time using a web camera based on the AIS algorithm. The advantage of using AIS is shown due to the use of an effective learning algorithm and parallel computing.
For example, the study [27] discusses issues related to the problem of recognition of visual images in real time using a web camera based on the AIS algorithm. The advantage of using AIS is shown due to the use of an effective learning algorithm and parallel computing.
Modified AIS algorithms are also widely used. The article [28] is devoted to diagnostics of faults in wireless sensor networks based on the clonal selection algorithm of AIS and the probabilistic approach of a neural network. The modeling results showed that this method is promising. In [29], there is proposed a hybrid immune algorithm (Hybrid-IA) for solving complex combinatorial optimization problems. The algorithm is developed on the principles of clonal selection and a local search procedure using a deterministic approach to refine the found solutions. The modeling results and comparison with various algorithms confirm the efficiency and reliability of the hybrid algorithm from the point of view of the best found solutions.
The article [30] describes various hybrid computational intelligence algorithms that combine intelligent and traditional methods. There is given a comparison of the efficiency of optimization methods such as: particle swarm algorithm (PSO), evolutionary algorithm (EA) and AIS for the selected test functions.
The proposed research is a continuation of a large cycle of work on distance learning on engineering specialties. For example, in [31], a data collection procedure (OPC technology, OLE for Process Control) was developed from a real industrial automation object for organizing information exchange with an intelligent control system based on artificial immune systems. This approach allows the organization of remote access to real equipment for students.
The developments [32] are devoted to specialized distance learning technology for people with visual impairments based on artificial intelligence and multi-agent approaches. Research for people with visual disabilities, testing and experiments to determine color perception were carried out on the basis of the Almaty branch of the public association "Kazakhstan Society of the Blind". The specifics of distance learning for operators with different psychotypes and color perception are considered in [33].

2.1 Problem statement

The purpose of the research is to develop an information optical Smart-technology [34] for distance personalized learning of the distributed control system Experion PKS from Honeywell, taking into account the peculiarities of vision and psychotype of students by adjusting the color presentation of educational material, dynamic presentation of information using cognitive-visual schemes and the development of appropriate cognitive mnemonic diagrams for monitoring and controlling equipment. Prediction of learning outcomes is carried out on the basis of modified algorithms of artificial immune systems, the results of which are used to promptly correct the learning process.

2.2 Research methods and algorithms 

Application of the latest achievements in the field of artificial intelligence, psychology of color presentation of educational material, taking into account the peculiarities of vision, cognitive techniques based on psychophysical perception [35] of educational information and modern IT technologies, can significantly increase the level of professional training and the intensity of training operators on high-tech equipment. Mnemonic diagrams are designed to display the functional and technological diagram of the control object, to monitor the state of the object and to signal all faults. Since mnemonic diagrams reflect the current state of systems and especially emergency modes of technological processes, the work of operators is associated with long-term observation of them, which leads to significant loads on the visual apparatus. It is advisable to use red and purple colors as little as possible when creating mnemonic diagrams. High ergonomic requirements are imposed [36] at developing mnemonic diagrams. The mnemonic diagram should not contain redundant information, and the elements that are especially important for the control and management of the object should be highlighted (by color, brightness, size, etc.). For example, a brightness contrast between signs and the background is desirable over 65%. Of particular importance are signals that are used when the state of an object changes, for example, "open-closed". These states should also be clearly distinguished by color, shape, etc. Increased requirements are imposed on special alarm signals. The signal intensity should be 30-40% higher than during normal operation, it is also possible to use an intermittent signal, which is very effective for attracting attention, since the human eye actively reacts to movement.
Functions of the operator of the Honeywell station console are to monitor and control the process by means of mnemonic diagrams [37]; notification and control of process signals; requesting reports on signals, graphical trends and data analysis; output (on screen and printing) of historical process data and trends; monitoring the state of the system equipment, etc. Usually 4 types of mnemonic diagrams are used: Level 1 (mnemonic diagram of the general level of the plant), Level 2 (mnemonic diagram of a general overview of the process unit of the plant: heat exchangers, pumps, etc.), Level 3 (operating displays, contain all the regulators and indicators for performing routine operations, and for emergency response), Level 4 (detailed interactive mnemonic diagrams of complex equipment and displays of program sequences). All items of equipment that are used on the mnemonic diagrams of Honeywell are standard (for example, C - regulator, G - pump). Colors also identify equipment status, allowing the operator to immediately identify unusual situations. For example, the color of the mnemonic icons: green - Normal, Running, Open; red - Alarm, etc. The following colors are used for the status of the regulator: red - Alarm; flashing red - unacknowledged alarm, etc.

2.3 Optical Cognitive Smart-technology of DL

	Figure 2.1 shows a block diagram of Experions PKS optical cognitive smart-technology for distance learning of operators.

[image: C:\Users\Buraff4ik\Desktop\12.jpg]

Figure 2.1. - Smart-technology for distance learning of Experions PKS operators

The use of optical technology based on the psychophysiology of information perception on the display screen, including color perception and visual features, makes it possible to increase the effectiveness of teaching on complex experimental PKS technological equipment using specially designed cognitive mnemonic schemes for training and the corresponding presentation of educational material.
The use of the results of psychological research to identify patterns of perception of information and cognitive technologies is an urgent problem in the creation of innovative DL technologies. The visual perception of information from a computer monitor screen or a specialized display is characterized [38] by certain preferred strategies for moving the eyes, depending on the preferred starting point and trajectory of movement. Experimental studies have shown that for effectively selection of signal structures on the information panel, it is more rational to choose the center of the screen or place information from left to right in the central part of the screen. The dependence has also been proven: the larger the object is, the less time it takes to identify it.
Human color perception plays an important role in the process of teaching complex industrial equipment. Color [39] is characterized by the following basic qualities: color background (wavelength), saturation (part of the main background plus impurities of other colors), brightness or lightness (degree of closeness to white). Also, all colors are divided into achromatic (colorless: grey colors of different lightness) and chromatic (color: blue, green, red, yellow).
When creating cognitive mnemonic schemes, it is necessary to take into account the peculiarities of color perception, which depend on age, gender, visual acuity, physical and emotional state of a person. To determine the objective individual characteristics of an operator, his psychological and physiological state, various texts are used, for example, based on the method of color choices developed by the Swiss psychologist Max Luscher [40]. For various psychotypes, a certain color is preferable [33]: for a choleric person is blue (color wavelength 440-485 Nm); for a sanguine person is green (550-565 Nm); for the melancholic is yellow color (565-590 Nm); for phlegmatic person is red (565-590 Nm).
A fairly large percentage of people have vision problems to one degree or another, ranging from various stages of myopia, hyperopia (farsightedness) and to problems with color perception (color blindness): protanopia, deuteranopia and trinatopia. Various types of color blindness usually affect men 10% and very few women 1%. Special photoreceptors of the retina in the form of cones are used to recognize shades of three primary colors: red, blue, and green [41]. Pronatopia is characterized by a weakened perception of the red color due to the absence of erythrolab pigment in the retinal cones. People (pronatopes) with these vision features do not distinguish green shades from red ones.
With deuteranopia, the green color is usually not perceived (there is no chlorolab pigment), so the light green color appears to be dark red, violet as blue, purple as Grey. Diagnostics of deuteranotopes is carried out using Rabkin's polychromatic tables, when numbers or objects are depicted against a background consisting of circles of different colors. People with a violation of the color perception of blue shades are called tritanomals (tritanopes). Vision pathology is caused by the absence of photoreceptors responsible for the perception of blue color or the corresponding cyanolab pigment in the cones. Rabkin's tables, which depict pictures with numbers of a certain color, while the background has a different color, help to define this category of people.
Tritanomals see all shades of blue and purple in shades of red or green. Testing and determining various types of color blindness of the operator is especially important to consider when working with emergency panels.
Visual acuity also affects a person's color perception. For example, with myopia [32], a person's picture is projected in front of the retina, and as a result, vision is good near and poor in the distance. Almost every third person has different stages of myopia. For this category of person, it is recommended to use calm tones of pale yellow or pale green (color wavelength 640-590 Nm). In hyperopia (farsightedness), the picture is projected after the retina, which gives good vision in the distance and poor vision in the vicinity. This feature of vision is widespread in the elderly. For hyperopia, more intense bright yellow or bright orange colors are recommended (color wavelength 580-550 Nm). With myopia, the operator perceives important information better in the upper left corner, and with hyperopia in the lower right corner.
The considered DL information technology is implemented in the class of multi-agent systems using the JADE multi-agent platform [42]. The use of this software is determined by the following advantages: the possibility of optimal use of computing resources, self-organization, reliability, scalability, the ability for agents to work autonomously, expanding with new modules, as well as effective interaction between agents. The development of the knowledge base is carried out on the basis of the ontological approach [42, 43].
The algorithm for the functioning of an information optical cognitive Smart-technology of DL based on artificial immune systems used to solve the problem of pattern recognition and predicting learning outcomes is given below.

Algorithm:
STEP 1. Creation of a knowledge base and a database (DB) of individual student descriptors based on various methods, questionnaires and testing.
STEP 2. Creation of an optimal immune network based on solving the problem of identifying informative descriptors using optimization algorithms (for example, Random Forest [44]).
STEP 3. With the use of experts, students are classified according to knowledge levels, visual features, psychophysiological state, etc.
STEP 4. Multidimensional data processing by the modified immune network algorithm AIS [45, 46].
STEP 5. Development and distance learning (based on the formed individual trajectories of training) for operators of practical work with cognitive mnemonic diagrams using the peculiarities of color perception, depending on the state of the student's visual apparatus and its psychophysiological characteristics. 
STEP 6. Comprehensive assessment of knowledge, prediction of the quality of individual distance education received and operational management of learning processes.

The table below shows a comparative analysis of the modeling results based on the proposed immune network algorithm of AIS [47] and other algorithms of artificial immune systems: AIRS1, AIRS2, CLONALG. 

 Table 2.1 - Comparative analysis of algorithms
	Efficiency
	AIRS1
	AIRS2
	CLON-ALG
	AIS

	Accuracy
	89%
	77%
	78%
	93,7%

	Classification Error
	11%
	23%
	22%
	7%

	Precision
	0,894
	0,766
	0,822
	0,933

	Recall
	0,890
	0,770
	0,78
	0,930

	f-measure
	0,891
	0,767
	0,786
	0,928

	Total Time
	0,07s
	0,11 s
	0,06 s
	0,06 s



Modeling results for algorithms AIRS1, AIRS2, CLONALG were obtained using the WEKA software product. The table shows that the best result was shown by the AIS immune network algorithm. The assessment procedure by homologous proteins improves the recognition of peptides at class boundaries with almost the same structure, but belonging to different classes. The proposed Smart-technology based on the AIS immune network algorithm can be used for various applications, including for recognition of visual images.

2.4 Modeling results

As an example for the development of cognitive mnemonic diagrams, let’s consider the technological process of gas purification in a distillation column (DC) unit, which is widely used in the oil and gas industry. Distillation columns have a multi-section design [48, 49], consisting of: a vertical unit, inside which trays are located, the main task of which is the separation of components by contact of gas and liquid phases; a steam boiler for heating the liquid (reboiler); condenser to lower the temperature of the steam in the upper part of the column in order to obtain condensate and to collect it into a tank for irrigation. Figure 2.2 shows the technological process of gas purification in the DC.
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Figure 2.2 - Technological diagram of the gas purification process
in the distillation column

According to the technological diagram of the gas purification process, figure 2.3 shows a simple mnemonic diagram for monitoring and controlling the operator of the gas purification process in the DC. Noteworthy is the Grey neutral color scheme that is commonly used on Honeywell mnemonic diagrams.
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Figure 2.3 – Simple Honeywell mnemonic diagrams.

Researches on visual perception of information on mnemonic diagrams for students and teachers of JSC "Kazakh-British Technical University" were carried out. The survey involved 162 people, 44.4% of them were women and 55.6% were men aged 18 to 31 years. The results of the experiment made it possible to identify patterns in the field of focusing human vision on the operator screen. A distance method of questioning and a test consisting of questions on the topic "Cognitive perception of information" has been developed. Developing cognitive mnemonic diagrams, for the first time, the peculiarities of the perception of information of color blind people, as well as people with the right or left hand as the main one, are taken into account. As a result of the experiment, it was determined that vision problems exist in 67.3% of respondents, of which 34.6% with weak myopia, 27.8% with severe myopia and 3% with hyperopia. In addition, 1.9% of the respondents have color blindness. The respondents (regardless of the state of vision) were presented HMI displays with operator screens and asked to indicate which graphic object was defined in the first place. Figure 2.4 offers a variant of the mnemonic diagram (divided conditionally into seven areas) to determine the focus of students' attention.
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Figure 2.4 - Mnemonic scheme variant for determining focus
on seven areas 

Most people with normal visual acuity [50, 51] perceive information as follows: the information located on the display in the upper right corner (33% of attention), in the upper left corner of the training field (28%), in the lower right (23%) and in lower left corner (16%).
Let’s consider the survey results that show the percentage of areas that get attention in the first place. The center of the mnemonic diagram attracts the most attention (68.5%), then the upper left corner (10.9%), the top area in the middle of the screen (7.3%), etc. The bottom left corner attracts the least attention (1.2%).
Further on figure 2.5, there is proposed a variant of the mnemonic scheme (conventionally divided into four areas) to determine the focus of attention.
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Figure 2.5 - Mnemonic scheme variant for determining focus
on four areas

	Figure 2.6 shows the percentage of attention focus. It was determined that there was a pronounced attention to the upper left corner of the operator screen (45.5%) and the upper right corner (42.4%). Thus, the bottom area of the screen is non-informative and not intended to contain critical information.
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Figure 2.6 - Percentage of focusing attention on four areas

	Let’s consider statistics for people with vision problems. Figure 2.7 presents statistics for people with myopia.
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Figure 2.7 - Focusing attention on the mnemonic diagram for people with myopia 

As can be seen from the pie chart, people’s attention with myopia is focused on the upper left area of the HMI display (45.6% of respondents) and slightly less on the upper right area (39.8%). Based on the results of the survey analysis, we can conclude that the location of the most important information on the mnemonic diagram for people with myopia is preferably located in the upper left corner of the monitor.
Also, results were obtained on the perception of graphic information of senestrals (left-handed) and dextrals (right-handed) people. From the 162 respondents, 4.9% were senestrals, 92% were dextrals and 3.1% were two-handed. Depending on whether the person is a senestral or dextral (for a mnemonic diagram with four objects), the statistics was following: people with the left hand focused their attention on the upper right corner in 87.5% of cases. At the same time, among respondents - dextrals, on the contrary, the upper left corner prevails in 47.3% of cases.
In order to search for the most suitable range of light, the respondents were presented with two variants of the design of the mnemonic diagram: standard Grey (variant 1, Figure 2.3) and color (variant 2, Figure 2.8). The students were asked to determine which variant is most appropriate for long-term visual contact. According to the results of the survey, it was revealed that 81.8% of the respondents preferred the color version of the mnemonic diagram in blue tones, which carries a lower load on the visual apparatus, which is confirmed by previous studies [11, 12].
Since more than half of the students have varying degrees of myopia, it is relevant to develop cognitive mnemonic diagrams taking into account these features of vision. Figure 2.9 shows an example of the developed cognitive mnemonic diagram for operators with myopia.
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Figure 2.8 - Cognitive mnemonic diagram for determining the best color range
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Figure 2.9 - Cognitive mnemonic diagram for people with myopia

The most important information for people with myopia, according to the experiments, is located in the upper left corner. However, if the student is a senestral, then it is better to shift important information to the upper right corner. Thus, the development of cognitive mnemonic diagrams based on the peculiarities of human visual information processing can significantly reduce the risks of emergency situations during long-term monitoring of several consoles.

2.5 Conclusion

The developed DL approach with the use of modern cognitive visual teaching methods, using specialized cognitive mnemonic diagrams [18], allows to intensify the process of training of service personnel and to provide high quality training of technical specialists in the oil and gas industry in the shortest possible time. The proposed method of ergonomic design of cognitive mnemonic diagrams can be used to create complex industrial mnemonic diagrams, which will reduce the load on vision and improve the psychological comfort of the operator.


3 Development of software for the implementation of a smart-technology for creation of a control system for technological processes of the oil and gas industry

In this section of the project, there was developed software for the algorithm, for which the mechanisms and advantages of Smart-technologies are used: artificial immune system, AIS, and its clonal and negative selection algorithms. Technological processes of the oil and gas industry are considered as an object of control. In order to create systems for optimal control of technological processes, it is necessary to synthesize such devices for the control object as optimal typical controllers.
In the project of 2019 [52], there was solved the problem of synthesizing the optimal control of a complex process control system for the oil and gas industry based on the clonal selection algorithm, CLONALG [53]. This stage of the project is a continuation of the use of the clonal selection algorithm for artificial immune systems, but, in contrast to the previously developed one, there has been formed a modified AIS algorithm with using the genetic algorithm, GA. Algorithms that combine the advantages of the AIS algorithm and the GA algorithm are faster and more accurate than each separately: GA or AIS approach [54-56]. The modification of AIS is that the GA is used to form the initial population of the AIS, that is, the initial values of the regulator. Also at this stage of the project, the CLONALG algorithm is considered in conjunction with the negative selection algorithm, NSA, which made it possible to solve the problem of finding a global minimum, excluding local minima [57].

3.1 Smart technology based on modified AIS algorithms

The development of software for the implementation of the modified Smart-technology algorithm, including the mechanisms and advantages of the algorithms of the artificial immune system and the genetic algorithm, is used to solve the problem of synthesizing the optimal control of a complex process control system in the oil and gas industry [58].
The problem of synthesizing the optimal control of a complex system is associated with the problem of finding the minimum values of the quality criterion due to the requirements for technological processes, and the search for the corresponding parameters of typical controllers that provide the required minimum [59]. In the course of solving this problem, it is necessary to obtain the parameters of the regulators that provide the global minimum of the quality criterion.
In order to form the initial population of the AIS algorithm, that is, the initial values of the parameters of a typical controller, there is used the genetic algorithm GA, which has better characteristics than traditional regulator tuning algorithms. The operation of the modified AIS-GA algorithm is shown on figure 3.1.

Generation of the initial population - the initial 
values of the regulator parameters
based on the GA algorithm
Population cycle for calculating the optimal 
parameters of regulators 
based on AIS algorithms:
iterative algorithm for calculating the minimum 
values of quality criterion


Figure 3.1 – Operation of the modified AIS-GA algorithm

The CLONALG [52] and NSA [57] algorithms are used to implement a Smart-technology of AIS. The CLONALG algorithm is used to solve a multicriteria optimization problem for the specified quality criterion, but, at the same time, there may be several local minima. The theory of negative selection and the NSA algorithm are used in this work to solve the problem of finding unwanted local minima and selecting the global minimum.
Within the framework of biological theory, negative selection is used to explain the functioning of the immune system, as the ability to distinguish own cells from almost any foreign cells and molecules. The theory of negative selection solves the problem of searching for anomalies (uncharacteristic changes) of an object. The basic algorithm based on the theory of negative selection - NSA, created by Forrest [60], includes a mechanism for determining the permissible deviation from the usual behavior of the system as a whole. The negative selection algorithm uses a process for generating negative system positions. The initial population is generated randomly, but, further, the negative positions of the system are eliminated [61, 62]. The result of this whole process is the detected anomalies and an interest in the framework of detecting local minima.
In biological systems, a negative selection process is used prior to clonal selection. In this work, the principle of negative selection is also used to form an algorithm for the initial finding of optima before the clonal selection algorithm for finding the global minimum.
In order to detect local minima of the quality criterion of the control system, there was developed software for the negative selection algorithm - the AIS-NSA subprogram (Figure 3.2), after which the AIS-CLONALG subprogram is implemented.
AIS-NSA subprogram: 
Population cycle for calculating the parameters of regulators for local minima of the objective function based on the NSA algorithm
GA subprogram:
Generation of the initial population - the initial values of the regulator parameters based on the GA algorithm
AIS-CLONALG subprogram: 
Population cycle for calculating the parameters of regulators for global minima of the objective function based on the CLONALG algorithm


Figure 3.2 – Modified AIS-GA algorithm subprograms

During the implementation of the AIS-NSA subprogram, in order to find the global minimum value of the optimization problem of a complex process control system for the oil and gas industry, the following steps of the algorithm were performed:
STEP 1. Probabilistic formation of the population.
STEP 2. Calculation of the affinity of each member of the population with the objective function.
STEP 3. Selection of the members of the population with the worst characteristics (negative). Finding local minima.
STEP 4. Checking the obtained population for compliance with the quality criterion requirements.
Based on the exclusion of the found local minima, the problem of finding the global minimum using AIS-CLONALG is solved more efficiently.
Formed by the modified AIS-GA algorithm, it is the basis for obtaining the results of the implementation of a Smart-technology for creating a control system for technological processes in the oil and gas industry.

3.2 Implementation of a Smart-technology for creation of a control system for technological processes in the oil and gas industry

The implementation of the modified algorithm for solving the problem of synthesizing the optimal control system for technological processes in the oil and gas industry is carried out for a complex object of the oil and gas industry - a distillation column for the process of natural gas purification from various impurities.

The mathematical model of the distillation column, developed at the previous stages of the project [63], describes a two-dimensional control system. In this case, - the transfer functions of the object connecting the inputs and outputs of the two-dimensional system [10] with two control circuits:


.                                         (3.1)


where  – transfer functions of two isolated subsystems;

 – transfer functions of interconnections between subsystems.
Problem statement for a complex system. To create a complex control system for stabilizing the processes of the distillation column (3.1), in order to achieve the desired values of the output signals.
The synthesis of the control system for gas purification in the distillation column is determined by finding the control actions for which the PI control law is selected:


                   (3.2)


where  – mismatch errors between desired and output signals.
Transfer functions of PI-controller (3.2) have the form [60]:


                                   (3.3)

An integral quadratic criterion was chosen as quality criteria for adjusting the regulators, which ensures the solution of the stabilization problem:


.                                        (3.4)

Quality criteria (3.4) correspond to local regulators, , which are in separate circuits and for them there is used the procedure for calculating the integral quadratic estimate [52].
Problem statement for subsystems. To create a control system for the distillation column processes based on software that implements Smart-technology algorithms for the synthesis of typical PI-controllers (3.3) of isolated subsystems of a system (3.1), minimizing quality criteria (3.4).

To calculate the parameters of the regulators, , that provide the minimum to the criteria (3.4), there was formed the software of the modified AIS-GA algorithm [13] in the MATLAB environment: GA (Appendix P), AIS-NSA (Appendix R), AIS-CLONALG (Appendix S).
In accordance with the properties of the considered control system for gas purification in the distillation column (3.1) and the system requirements for PI-controllers, we formulate the conditions for the values of the criteria (3.4):


                                           (3.5)

and there are limitations on the changes range in the controllers parameters for the system stability.
The parameters of the control system of the distillation column processes for the implementation of algorithms in the MATLAB environment are presented in Table 3.1.

Table 3.1 – Parameters of the control system (3.1) and quality criteria (3.4) 
	Parameters
	Values

	Gain coefficients 
	



; ; ; 

	Time constants
	



; ; ; 



The result of the GA subprogram (Appendix P) of the initial population search for the AIS subprogram is shown on figure P.1.
In accordance with the obtained values (Appendix P), the initial populations, that is, the initial values of the PI-controllers of the AIS-GA algorithm have the following values:


                 (3.6)

In order to search for local minima and to determine the range of finding the global minimum of quality criterion, there is implemented the AIS-NSA subprogram - the negative selection algorithm (Appendix R). On the basis of the presented algorithm, for the quality criterion (3.4), there was developed software for the implementation of the negative selection technology for creating an intelligent control system in the MATLAB environment. The result of the AIS-NSA subprogram with a wide range of PI-controller parameter values is shown on figures 3.3 and 3.4.
[image: C:\Users\User\AppData\Local\Temp\ConnectorClipboard7910960703424459529\image15950927397490.png]
Figure 3.3 – Results of the AIS-NSA subprogram for the first control circuit

The presented results were obtained only for the first control circuit - for the second circuit the results are similar.
In accordance with figure 3.3, we can conclude about the range of parameters for which there are many local minima. Based on the AIS-NSA algorithm, it is possible to ignore unwanted local minima (Figure 3.4) and restrict the population in order to find the regulator parameters that would satisfy conditions (3.5).
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Figure 3.4 – Results of the search for the minima of the first control circuit
During the implementation of the AIS-NSA software, it was concluded that this mechanism makes it possible to recognize and ignore unwanted extremes when searching for the optimal values of the quality criterion.
In order to search for the global minima of the quality criteria (3.4), there is used a subprogram of the AIS-CLONALG algorithm, with a generated population of initial values of the regulator parameters based on the GA and AIS-NSA subprograms. The corresponding software in the MATLAB environment is presented in appendix P, during the implementation of which the values of typical PI-controllers were obtained.
Figure 3.5 shows the results of the AIS-CLONALG subprogram for minimizing the quality criterion (3.4) for the first circuit with the initial values of the population formed on the basis of the GA and AIS-NSA algorithms. 
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Figure 3.5 – Results of the AIS-CLONALG subprogram for the first circuit

Received PI-controller of the first control circuit with the parameters:


.                                                (3.7)

There was obtained the PI-controller of the second control circuit with parameters too:


.                                       (3.8)

On the basis of the obtained software results in the form of parameters of typical controllers, in the MATLAB Simulink environment there is formed a scheme for modeling a control system for a distillation column along two isolated circuits (Appendix T). At the same time, modeling circuits with three types of PI-controllers are collected:
- a regulator tuned on the basis of the AIS-GA algorithm (3.7), (3.8);
- a regulator tuned on the basis of the AIS algorithm [52]:


                          (3.9)

- a regulator tuned on the basis of the GA algorithm (3.6).
In accordance with the created schemes, the results of modeling the first circuit (Appendix T) of a complex control system of the distillation column (Figure 3.6) were obtained in the form of a transient process.
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Figure 3.6 – Modeling results of the first circuit of the control system

According to the transient processes, it can be concluded that with the application of the AIS-GA regulator, the assessments of the quality of the transient process of the closed-circuit control system of the first circuit have better indicators than with the AIS-regulator and with the GA-regulator: overshoot is equal to zero; the settling time is the smallest (Tset=10); the rise time is the smallest; steady-state error is zero.
The modeling results of the second circuit (Appendix T) of the complex control system of the distillation column (Figure 3.7) in the form of a transient process were also obtained. Here, estimates of the quality of the transient process with a regulator tuned by the AIS-GA algorithm also give the best indicators: overshoot is equal to zero; the settling time is the smallest (Tset = 8); the rise time is the smallest; steady-state error is zero.
Based on the results obtained, we can conclude about the effectiveness of using the modified AIS-GA algorithm for the synthesis of typical PI-controllers of control systems in order to achieve the best speed and accuracy of the system processes.
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Figure 3.7 – Modeling results of the second circuit of the control system

In accordance with the statement of the problem for the synthesis of a complex system, it is necessary to supplement the regulators with decoupling devices that compensate for the influence of interconnections (Figure 3.8).
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Figure 3.8 – Control system for technological processes of the oil and gas industry, developed on the basis of a Smart-technology  


For this, the coefficients of the decoupling device are calculated according to the methodology presented at the previous stages of the project [52]. For a complex object (3.1), with regulators (3.9), the decoupling devices are: 
The modeling results of a complex control system for the distillation column (Appendix T) with regulators (3.9) and a decoupling device are shown on Figure 3.9 in the form of transient process.
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Figure 3.9 – Modeling results of a complex control system for the distillation column processes

Based on the transient processes of the first and second circuits of the complex control system for the distillation column in the oil and gas industry, it can be concluded that the problem of stabilizing technological processes based on Smart-technologies has been solved.

3.3 Conclusion 

The main results were obtained:
- Developed software for the implementation of Smart-technology algorithms to solve the problem of synthesizing an optimal complex control system for technological processes in the oil and gas industry using the example of a distillation column for the process of purifying natural gas from various impurities (Appendix X).
- In the MATLAB environment, there was formed the software of the modified AIS-GA algorithm, consisting of the GA, AIS-NSA, AIS-CLONALG subprograms.
- Developed a subprogram of the modified AIS-GA algorithm based on the genetic algorithm to generate the initial values of typical controllers.
- Developed a AIS-NSA subprogram to recognize and ignore unwanted local minima when searching for optimal values and obtaining a range of changes in regulator parameters.
- Developed a AIS-CLONALG subprogram, as a result of which transient processes of a complex system with the best indicators of quality assessments were obtained.



CONCLUSION

During the implementation of the project on the development of a cognitive Smart-technology for intelligent systems for complex objects control based on artificial intelligence approaches, according to the calendar plan (Appendix A) for 2020, the following main results were obtained:
- Developed a system for diagnostics of industrial equipment based on modified algorithms of artificial immune systems and the AMDEC approach using modern microprocessor technology from Schneider Electric to maintain expensive equipment in working order, timely analysis and prediction of critical conditions.
- Created a block diagram of the functioning of the industrial equipment diagnostic system based on the AMDEC approach and modified algorithms of artificial immune systems (AIS) using FPA (Flower Pollination algorithm), RF (Random Forest) and GWO (Grey Wolf Optimization) methods. Expanding the AMDEC methodology through the use of intelligent prediction allows to analyze a large amount of production data and to reduce the complexity of the process of diagnosing the state of equipment.
- Carried out an assessment of the criticality degree of U700 equipment failures of the TengizChevroil enterprise based on the calculation of the RPI risk priority index, the analysis of the criticality of equipment failures was carried out using indicators of the degree of criticality and the probability of failure, as well as an example of the specification of possible equipment failures. The proposed diagnostic system allows to identify the main types of failures: physical jamming, vibrations, incorrect start/stop; short circuit; exceeding the permissible limits, etc.
- Developed mnemonic diagrams for complex objects control using the achievements of artificial intelligence and cognitive technologies.
- Created a technique for the ergonomic design of cognitive mnemonic diagrams, taking into account the peculiarities of vision and psychophysiological characteristics of students.
- Developed an information optical Smart-technology of distance learning of the distributed control system Experion PKS from Honeywell for oil and gas operators based on the approach of artificial immune systems and the use of cognitive mnemonic diagrams.
- Developed software for the implementation of a Smart-technology for creating intelligent complex control systems for various applications of industrial automation systems, technological processes in the oil and gas industry and education.
- Developed software for the implementation of a Smart-technology algorithms to solve the problem of synthesizing an optimal complex control system for technological processes in the oil and gas industry using the example of a distillation column for the purification of natural gas from various impurities.
- In the MATLAB environment, there was formed the software of the modified AIS-GA algorithm, consisting of the GA, AIS-NSA, AIS-CLONALG subprograms.
- Developed a subprogram of the modified AIS-GA algorithm based on the genetic algorithm in order to generate the initial values of typical regulators.
- Developed a subprogram AIS-NSA to recognize and ignore unwanted local minimum when searching for optimal values and obtaining a range of changes in regulator parameters.
- Developed a subprogram AIS-CLONALG, as a result of which transient processes of the system with the best indicators of quality assessments were obtained.
- There was received a copyright certificate for the developed software (Appendix B).
In 2020, based on the research results, 20 scientific articles were published in journals and materials of prestigious international conferences (Appendix A), including 5 articles (quartile Q2, Q3, Q4) with an impact factor in the Thomson Reuters and Scopus databases.
During the implementation of the project in 2019, the following main results were obtained:
- Developed an intelligent control system based on a Smart-technology and a multi-agent approach.
- Developed a multifunctional artificial immune system based on a multi-agent approach.
- Developed a module for a multifunctional multi-agent AIS using a modified algorithm of grey wolves optimization and AIS on the example of the operation of a medium-pressure absorber of technological Unit 300 for gas purification from acidic components at TengizChevroil, as well as a comparative analysis of the effectiveness of the algorithm.
- Developed a module for a multifunctional multi-agent AIS based on a modified cooperative particle swarm algorithm with inertia weight (CPSOIW) and tested on standard UCI Machine Learning datasets.
- Developed an architecture and described the functions of cognitive agents for the synthesis of an intelligent control system (there was proposed the architecture of interaction of cognitive agents based on the Belief-Desire-Intention (BDI) model in the framework of the Model Driven Architecture (MDA) concept and described the functions of cognitive agents on the example of a medium pressure absorber).
- Developed scenarios of interaction of cognitive agents based on the analysis of predicted events during the operation of a complex object (medium pressure absorber).
- Developed a sophisticated intelligent control system for the distillation of gas through the distillation column of the oil and gas industry based on a Smart-technology. There was solved the problem of synthesis of optimal control using the algorithm of AIS based on clonal selection, which was selected as a result of a comparative analysis with other algorithms of Smart-technology (genetic algorithm and an ant colony optimization algorithm). For the implementation of a Smart-technology for the synthesis of a complex intelligent control system, there were obtained the results of the decoupling procedure.
During the implementation of the project for 2018, the following main results were obtained:
- Developed a Smart-technology for creating intelligent control systems for complex objects based on a cognitive approach and the latest developments in artificial intelligence.
- Conducted an analytical review of the state of Artificial Immune Systems. Developed the theoretical foundations for creating a multifunctional AIS. Developed a multifunctional AIS based on modified algorithms of swarm intelligence, cognitive technologies and a multi-agent approach.
- Considered the main control mechanisms based on distributed control systems of Honeywell DCS enterprises, as well as the principles of data transmission and storage for working with predicted events. Proposed an architecture of an intelligent system based on a modified AIS algorithm (clonal selection) for integration with Honeywell DCS.
- Developed a modified inertia weight particle swarm algorithms (IWPSO) and a cooperative particle swarm algorithm (CPSO) for the multifunctional AIS.
- Obtained the results of modeling of a modified particle swarm algorithm (IWPSO and CPSO) based on real production data of the oil and gas company TengizChevroil for diagnostics of industrial equipment (based on daily measurements of readings from the sensors of the U300). Conducted a comparative analysis of the modeling results with the classical particle swarm algorithm (PSO).
- Developed an innovative AIS-based cognitive Smart-technology for distance learning for visually impaired engineers in a Honeywell laboratory of common use for training industrial equipment using Experion PKS distributed control system. The use of a cognitive approach makes it possible to provide high-quality personalized distance learning, depending on the type of the central nervous system of students (choleric, melancholic, etc.), as well as the characteristics of vision, taking into account the psychotype.
For three years, based on the results of the research, it was published:
- Monograph (Appendix A).
- There are 63 articles in journals and materials of prestigious international conferences, 11 of which (quartile Q1, Q2, Q3, Q4) with an impact factor in the Thomson Reuters and Scopus databases (Appendix A).
- There was received 3 certificates of state registration of rights to the copyright object (for computer programs).
- There was received an act of introducing the results of scientific research on the project into the educational process of the Kazakh-British Technical University.
- There was received an act of introducing the results of scientific research on the project into the educational process of Satbayev University.
Scientific novelty lies in the development of a Smart-technology for the synthesis of intelligent control systems for complex objects based on multifunctional AIS, using new modified algorithms that implement all AIS directions for assessing the state of the control system based on intelligent analysis of multidimensional data, predicting behavior, diagnosing equipment, supporting decision making and operational correction of the system's behavior using multi-agent, ontological approaches and cognitive technologies for various technical and technological applications of the oil and gas industry and education, as well as the possibility of implementation of this technology into real production. There are no analogs of developments for this type of tasks.
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Calendar plan for 2018-2020 уу.


Appendix 1.13
to the Agreement № from 2018
on grant financing

TECHNICAL SPECIFICATIONS AND CALENDAR PLAN

Under Agreement No. 211 dated March 19, 2018 

1. Republican state enterprise on the right of economic management "Institute of Information and Computing Technologies" of the Science Committee of the Ministry of Education "Science of the Republic of Kazakhstan

1.1 By priority: №3. Information, telecommunication and space technologies, scientific research in the field of natural sciences.
1.2 By sub-priority: 3.1 Intelligent information technologies. Intelligent control and decision-making systems (including in real time).
1.3 On the topic of the project: No.AP05130018 "Development of a cognitive Smart - technology for intelligent systems for complex objects control based on artificial intelligence approaches."
1.4 The total amount of the project is 45,000,000 (forty-five million) tenge, including with a report by years, for the execution of work in accordance with paragraph 3:

- for 2018 - in the amount of 15,000,000 (fifteen million) tenge;
- for 2019 - in the amount of 15,000,000 (fifteen million) tenge;
- for 2020 - in the amount of 15,000,000 (fifteen million) tenge.

2. Characteristics of scientific and technical products by qualification characteristics and economic indicators

2.1 Direction of work: Development of an innovative information Smart-technology for complex objects control based on modified artificial intelligence algorithms.
2.2 Scope of application: technical, technological and socio-economic complex objects of control.
2.3 Final result:
- for 2018: there will be developed a Smart-technology for creating intelligent systems for complex objects control based on a cognitive approach and the latest developments in artificial intelligence. Journal article: J. Artificial Intelligence review. (Thomson Reuters, Scopus impact factor - 2,627).
- for 2019: there will be developed an intelligent control system based on a Smart-technology and a multi-agent approach. Certificate of authorship.
- for 2020: there will be developed software (software) for the implementation of a Smart-technology for creating AIS for various applications of industrial automation systems, technological processes of the oil and gas industry and education. Monograph in a foreign publishing house. Publications will be published in publications indexed in Scopus or Web of Sciences with a non-zero impact factor.
2.4 Patentability: It is possible to obtain a copyright certificate.
2.5 Scientific and technical level (novelty): A high level of novelty. The project proposes the creation of a fundamentally new multifunctional AIS based on new modified AI algorithms implemented using multi-agent and cognitive technologies.
2.6 The use of scientific and technical products is carried out: by the executor.
2.7 Type of application of the result of scientific and (or) scientific and technical activities:
Cognitive Smart-technology can be used in industrial automation systems, technological processes in the oil and gas industry and education.

3. Name of work, terms of their implementation and results

	Task, stage code
	Name of work under the Agreement and the main stages of its implementation
	Period of execution
	Expected result


	
	
	beginning
	ending
	

	1
	Development of a Smart - technology for creating intelligent systems for complex objects control based on the cognitive approach and the latest AI developments.
	January 2018 
	November 1, 2018
	Smart technology will be developed for creating intelligent systems for complex objects control based on a cognitive approach and the latest AI developments.

	1.1
	Analytical review of the state of the AIS. Development of theoretical foundations for creating a multifunctional AIS.
	January 2018
	June 1, 2018
	An analytical review of the state of the AIS will be carried out. Theoretical foundations will be developed for the creation of a multifunctional AIS

	1.2
	Creation of new modified algorithms for multifunctional AIS.
	July 2018
	November 1, 2018
	New modified algorithms for multifunctional AIS will be created.
An article will be published in the journal: J. Artificial Intelligence review. (Thomson Reuters, Scopus Impact Factor -2.627).

	2
	Development of an intelligent control system based on Smart-technology and a multi-agent approach.
	January 2019
	November 1, 2019
	An intelligent control system will be developed based on a Smart-technology and a multi-agent approach.

	2.1
	Development of a multifunctional AIS based on a multi-agent approach
	January 2019
	June 1, 2019
	A multifunctional AIS will be developed based on a multi-agent approach.

	2.2
	Development of an architecture and description of the functions of cognitive agents for the synthesis of an intelligent control system.
	July 2019
	November 1, 2019
	Architectures and descriptions of the functions of cognitive agents for the synthesis of ICS will be developed. The copyright certificate will be received. 1 publication will be published in a domestic scientific publication with a non-zero impact factor.

	3.
	Development of software (SW) for the implementation of a Smart-technology for creating AIS for various applications of industrial automation systems, technological processes of the oil and gas industry and education.
	January 2020
	November 1, 2020
	Software will be developed for the implementation of a Smart-technology for creating AIS for various applications of industrial automation systems, technological processes in the oil and gas industry and education.

	3.1
	Creation of a diagnostic system for industrial equipment based on modified AIS algorithms and AMDEC approaches using modern microprocessor technology.
	January 2020
	June 1, 2020
	A diagnostic system for industrial equipment will be created based on AIS and AMDEC algorithms on modern microprocessor technology

	3.2
	Creation of mnemonic diagrams for complex objects control using the achievements of AI and cognitive technologies
	July 2020
	November 1, 2020
	Mnemonic diagrams will be created for complex objects control using the achievements of AI and cognitive technologies.
1 publication will be published in a publication indexed in Scopus or Web of Sciences with a non-zero impact factor.
Publications will be published in domestic and foreign scientific journals with a non-zero impact factor.
The monograph will be published in a foreign publishing house.
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APPENDIX D

List of used foreign information resources

In scientific research on this project, the following databases were used:
- Springer.com;
- Elsevier.com;
- Clarivate.com;
- eLIBRARY.ru;
- Scopus.com.


APPENDIX E

U700 Installation, equipment specification

  Table E.1 – Description of U700 units
	Equipment
	Function

	R720/721/725
	gas dehydration reactors

	D700
	demethanization column

	D701
	deethanization column

	D703
	depropanization column

	D704
	debutanizing column

	GC-701
	commercial gas compressor, etc.

	TRC-70005
	D700 top temperature sensor 

	LICAHL-70001/LICAHL-70002
	D700 column level sensor 

	PRCHL-70001
	D700 column pressure sensor 

	TI70022/TI-70025
	D701 column pressure sensor 

	LICAHL-70010/LICAHL-7009
	D700 column pressure sensor 

	PIC-70007
	D701 column pressure sensor 

	TI-700432
	D703 column temperature sensor 

	LAH-700421/LAL-700421
	D703 column level sensor 

	PAH-700422/PAL-700422
	D703 column pressure sensor 

	TRC-70034
	D704 column temperature sensor 

	LAH-700424/LAL-700424
	D704 column level sensor 

	PAH-700441
	D704 column pressure sensor 
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APPENDIX F

Specification of U700 valves 

   Table F.1 - Fragment sheets of U700 valves
	Valve installation place
	№ of valve
	Manufacturer
	Notes

	D700
	PSV-700077A
PSV-700077B
	JBS-34-B
	72 bar

	D701
	PSV-700075A
PSV-700075B
	Crosby JBS35BSP
	26 bar

	D703
	PSV-700073A
PSV-700073B
	Crosby JBS-35-OR-K-SP
	20 bar

	R720
	PSV-720002A
PSV-720002B
	SAPAG Y 8103F
ALCBA
	73 bar

	D704
	PV-70012

PDV-70013
	EWT

Globe-21114
	normally open

normally closed

	GC-701
	PV-70848A

PV-70948A
	REGLOB 2" 

REGLOB 2"
	normally closed 

normally closed

	R720/721/725
	FV-70061
	REGLOB 6"
	normally closed

	…
	…
	…
	…













APPENDIX G

Failures and ways of their elimination on U700 

	Table G.1 – Search for cause of the problem and ways to resolve them
	Deviations from technological process
	Causes of occurrence
	Way of their elimination

	High content of mercaptans in commercial gas
	High temperature or low pressure in columns D-700 and D-701. Insufficient reflux supply to column D-701. Malfunction of the control circuits of the columns D-700 and D-701.
	1. Bring in accordance with the technological map.
2. Provide the required reflux flow rate. 
3. Check the control circuits.

	GC-701 Compressor stop
	Extremely high temperature at the input.
	If one signal is received, check the devices. When 2, 3 signals arrive, take action.

	High / low level on the plates in D-700 (LICAHL-70001; LICAHL-70002)
	Failure of the control circuit or G-701. Hydrates in lines or on plates. Valves LV-70001 are closed or LV-70002 at low level.
	1.Check the control circuits and valve positions. 
2. Check the operation of the pumps, if necessary, turn on the backup. 
3. Add methanol.
4. Check the supply of desulfurized gas to the installation.

	…
	…
	…






APPENDIX K


An example of equipment diagnostics based on AMDEC approach


  Table K.1 – Diagnostics of the condition of the U700 equipment based on AMDEC

 

APPENDIX L

Measurement range of U700 sensors 


 Table L.1 - Fragment of the DB of the permissible range of technological parameters of U700

	Unit ID
	Sensor 1
	Sensor 2
	Sensor 3
	…
	Sensor N

	R-720/721/
722
	FRC-20002
	PDT-720007
	PDT-720016
	…
	TIAHL-720003

	
	12861 nm3/h
	7 bar
	7 bar
	…
	0-400 Со

	B-720

	PICAHL-720011
	TICAH-20001
	TAHH-720020
	…
	TIAH-720023

	
	2,5 bar
	0-300 Со
	0-500 Со
	…
	0-500 Со

	D-701 
	FI-700009
	FIC-700089
	LICAHL-00010
	…
	TRCHL-700024

	
	25.1-103.1 m3/h
	90 m3/h
	0-100 %
	…
	0-200 Со

	GC-701
	TRAH-740701/3
	TRAH-7405
	RAH-740509/11
	…
	SAH-740521

	
	75-90 Со
	0,3-0,4 mm
	110-125 Со
	
	7-10 g

	…
	…
	…
	…
	…
	…
























APPENDIX M

Description of U700 parameters

   Table M.1 - U700 parameter specification
	Sensor
	Function
	Notes

	2
	3
	4

	FRC-20002
	regeneration gas consumption
	gas flow control

	PDT-720007
	differential pressure R721
	alarm

	PDT-720016
	differential pressure R720
	alarm

	PDT-720031
	differential pressure 722
	alarm

	TIAHL-720002
	input temperature R720
	alarm

	TIAHL-720003
	input temperature R721
	alarm

	PICAHL-720011
	fuel gas pressure at the input
	pressure regulation

	TICAH-720001
	gas temperature at the output
	regulation

	TAHH-720020
	flue gas temperature
	alarm

	TAHH-720021
	pipe wall temperature
	alarm

	TIAH-720022
	pipe wall temperature
	alarm

	TIAH-720023
	pipe wall temperature
	alarm

	FI-700009
	bottom product consumption
	indication

	FIC-700089
	reflux rate
	consumption regulation

	LICAHL-700010
	liquid level in a cube
	level regulation

	PDI-700008
	pressure drop across on plates
	indication

	PIAHH-700062
	gas pressure at the output
	temperature regulation

	TI-700022
	temperature on the plate
	temperature regulation

	TRCHL-700024
	temperature on the plate
	temperature regulation

	TRAH-740701/3
	temperature of the shaft support bearings
	compressor reducer

	TRAH-7405-08
	axial bearing temperature
	compressor reducer

	GAH-740505/6
	axial shaft displacement
	compressor reducer

	RAH-740509/11
	pinion shaft bearing temperature
	compressor reducer

	SXAH-740511
	pinion shaft vibration
	compressor reducer

	SXAH-740515
	radial vibration of the gearbox drive shaft
	compressor reducer

	SAH-740521
	body vibration
	compressor reducer














APPENDIX N

Database of readings from U700 sensors 

     Table N.1 – Fragment of a database of readings from U700 sensors
[image: ]

[image: ]
Figure N.1 - Visualization of DB readings from sensors

APPENDIX P

Listing of the GA subprogram for searching the initial population 
for the AIS-CLONALG subprogram

IntCon = 1;
rng default % For reproducibility
fun = @shiryayeva;
A = [-1 0; 0 -1];
b = [0; 0];
x = ga(fun,2,A,b)

% first circuit quality criterion ISE1
function z=shiryayeva(xx)
z=((1+0.0042.*xx(:,1)).^2.+0.0042.*xx(:,2).*1.9588+(0.0042.*xx(:,1)).^2)./(2.*0.0042.*xx(:,2).*(1+0.0042.*xx(:,1)))-(xx(:,1)./xx(:,2));
end

% second circuit quality criterion ISE2
function z=shiryayeva(xx)
z=((1+0.0072.*xx(:,1)).^2.+0.0072.*xx(:,2).*1.9588+(0.0072.*xx(:,1)).^2)./(2.*0.0072.*xx(:,2).*(1+0.0072.*xx(:,1)))-(xx(:,1)./xx(:,2));
end

	The calculation results of the GA algorithm for two control circuits are shown on Figure N.1.
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Figure P.1 – Results of calculations of the GA algorithm for two control circuits


APPENDIX R

Listing of the AIS-NSA subprogram for determination 
of the local minima of quality criteria

% Initial condition
N    = 100;                  % Population size
Ab   = cadeia(N,44);         % antibodies population
gen  = 50;                   % number of generations
pm   = 0.5;                  % mutation probability
d    = 0.3;                  % population that undergoes random permutations
beta = 0.5;                  % multiplier controlling the number of clones
  % N	   -> number of clones
  % beta -> multiplying factor
  % ind  -> best individuals
  % Ab   -> antibody population
  % T   -> temporary population
  % pcs  -> final position of each clone
  % pma  -> initial value
  % pmr  -> control rate
  % itpm -> iterations for restoring


% AIS-CLONALG subprogram for determining the parameters of regulators


% Function to optimization ISE1
f =@shiryayeva1
varMin = -200; % lower population limit for the first circuit (P1) for NSA
varMax = 250; % upper population limit for the first circuit (P1) for NSA
varMiny = -200;% lower population limit for the first circuit (I1) for NSA
varMaxy = 250; % upper population limit for the first circuit (I1) for NSA
fbest = 0; % Global f best (minimum) by NSA

% Function to optimization ISE2
f =@shiryayeva2
varMin = -200; % lower population limit for the first circuit (P2) for NSA
varMax = 250; % upper population limit for the first circuit (P2) for NSA
varMiny = -200;% lower population limit for the first circuit (I1) for NSA
varMaxy = 250; % upper population limit for the first circuit (I1) for NSA
fbest = 0; % Global f best (minimum) by NSA



APPENDIX S

Listing of the AIS-CLONALG subprogram for determination 
of the parameters of the regulators

% Initial condition
N    = 100;                  % Population size
Ab   = cadeia(N,44);         % antibodies population
gen  = 50;                   % number of generations
pm   = 0.5;                  % mutation probability
d    = 0.3;                  % population that undergoes random permutations
beta = 0.5;                  % multiplier controlling the number of clones

% Function to optimization ISE1
f =@shiryayeva1
varMin = 37.4554; % initial population, P1, obtained at GA for the first circuit
varMax = 120; % upper limit, P1, obtained by NSA for the first circuit
varMiny = 73.2435;% initial population, I1, obtained at GA for the first circuit
varMaxy = 74;% upper limit, I1, obtained by NSA for the first circuit
fbest = 0; 

% Function to optimization ISE2
f =@shiryayeva2
varMin = 37.4554; % initial population, P2, obtained at GA for the first circuit
varMax = 120; % upper limit, P2, obtained by NSA for the first circuit
varMiny = 73.2435;% initial population, I2, obtained at GA for the first circuit
varMaxy = 74;% upper limit, I2, obtained by NSA for the first circuit
fbest = 0;
x = meshgrid(linspace(varMin, varMax, 61));
y = meshgrid(linspace(varMiny, varMaxy, 61))';

vxp = x;
vyp = y;
vzp = f([x(:),y(:)])
vzp = reshape(vzp,size(x));
x = decode(Ab(:,1:22),varMin,varMax)
y = decode(Ab(:,23:end),varMiny,varMaxy)
fit = f([x(:),y(:)]);
figure
imprime(1,vxp,vyp,vzp,x,y,fit)
pma  = pm;
itpm = gen;
pmr  = 0.8;
vfx   = zeros(gen,1);

PRINT = 1;
for it = 1:gen
    x = decode(Ab(:,1:22),varMin,varMax);
    y = decode(Ab(:,23:end),varMiny,varMaxy);
    fit = f([x(:),y(:)]);



    [a,ind] = sort(fit);
        valx = x(ind);
    valy = y(ind);
    imprime(PRINT,vxp,vyp,vzp,x,y,fit);
    [T,pcs] = reprod(N,beta,ind,Ab);
    M = rand(size(T,1),44) <= pm;
    T = T - 2 .* (T.*M) + M;
    T(pcs,:) = Ab(fliplr(ind),:);
    x = decode(T(:,1:22),varMin,varMax);
    y = decode(T(:,23:end),varMiny,varMaxy);
    fit = f([x(:),y(:)]);
    pcs = [0 pcs];
    for i = 1:N
        [~,bcs(i)] = min(fit(pcs(i)+1:pcs(i+1)));
        bcs(i) = bcs(i) + pcs(i);
    end
  
    Ab(fliplr(ind),:) = T(bcs,:);
    nedit = round(d*N);
    Ab(ind(end-(nedit-1):end),:) = cadeia(nedit,44);
    pm = pmcont(pm,pma,pmr,it,itpm);
    vfx(it) = a(1);
        
  end

x  = valx(1)
y  = valy(1)
fx = vfx(end)
figure
semilogy(vfx)
title('Minimization')
xlabel('Iterations')
ylabel('Best f(x,y)')
grid on

txt2 = ['F Best: ', num2str(fbest)];
text(0,1,txt2,'Units','normalized',...
     'HorizontalAlignment','left','VerticalAlignment','bottom');
txt3 = ['F Found: ', num2str(fx)];
text(1,1,txt3,'Units','normalized',...
     'HorizontalAlignment','right','VerticalAlignment','bottom');


function imprime(PRINT,vx,vy,vz,x,y,fx)

    if PRINT == 1
        meshc(vx,vy,vz)
        hold on

 title('Minimization')
  xlabel('x')
        ylabel('y')
        zlabel('f(x,y)')
        plot3(x,y,fx,'k*')
      
  colormap jet
        drawnow
        hold off
        pause(0.1)
    end
end

function [T,pcs] = reprod(N,beta,ind,Ab)
    T = [];
   for i = 1:N
      cs(i) = round(beta*N);
      pcs(i) = sum(cs);
      T = [T; ones(cs(i),1) * Ab(ind(end-i+1),:)];
   end
end

function pm = pmcont(pm,pma,pmr,it,itpm)
    if rem(it,itpm) == 0
       pm = pm * pmr;
       if rem(it,10*itpm) == 0
          pm = pma;
       end
    end
end

function z = decode(Ab,varMin,varMax)
    
    Ab = fliplr(Ab);
    s = size(Ab);
    aux = 0:1:21;
    aux = ones(s(1),1)*aux;
    x1 = sum((Ab.*2.^aux),2);
    z = varMin + x1' .* (varMax - varMin)/(2^22 - 1);
end

function Ab = cadeia(n1,s1)
    Ab = 2 .* rand(n1,s1) - 1;
    Ab = hardlim(Ab);
end
% first circuit ISE1
function z=shiryayeva1(xx)
z=(((1+0.0042.* xx(:,1)).^2.+0.0042.* xx(:,2).*1.9588+(0.0042.* xx(:,1)).^2)./(2.*0.0072.* xx(:,2).*(1+0.0042.* xx(:,1)))- xx(:,1)./ xx(:,2));
end

% second circuit ISE2
function z=shiryayeva2(xx)
z=(((1+0.0072.* xx(:,1)).^2.+0.0072.* xx(:,2).*1.9588+(0.0072.* xx(:,1)).^2)./(2.*0.0072.* xx(:,2).*(1+0.0072.* xx(:,1)))- xx(:,1)./ xx(:,2));
end

APPENDIX T

Control system modeling schemes in MATLAB environment
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APPENDIX U

Certificatas
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APPENDIX W

Acts of implementation
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APPENDIX X

Copyright certificates
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Development of modified cooperative particle
swarm optimization with inertia weight for
feature selection

G. Samigulina® and Zh. Massimkanova?*

Abstract: The article presents a modified Cooperative Particle Swarm Optimization
with Inertia Weight (CPSOIW) for Smart-technology of forecasting and control of
complex objects. The software “CPSOIW (Cooperative Particle Swarm Optimization
with Inertia Weight)” based on a modified CPSOIW algorithm has been developed in
Python programming language and is used to process a multidimensional data and
to create an optimal set of descriptors. The proposed algorithm combines the
advantages of inertia weight particle swarm optimization (IWPSO) algorithm and
cooperative particle swarm optimization (CPSO) algorithm. IWPSO algorithm allows
to avoid an early convergence and to prevent particles from trapping into local
optima due to update an inertia weight at each iteration. CPSO algorithm explores
a search space efficiency and more detailed in a real time by parallel computing of
subswarms The modelling results and comparative analysis of CPSOIW and IWPSO
algorithms have been performed based on benchmark datasets and a real produc-

tion data from Installation 300 of Tengizchevroil oil and gas company.

Subjects: Artificial Intelligence; Computer Engineering; Computer Science; General
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systems are a processing and analysis of large
amounts of data in real time. Currently swarm
intelligence algorithms are actively developing
and have the ability to quickly and detailed
search for optimal solutions. The proposed
cooperative particle swarm optimization with
weight algorithm combines the advantages of
inertia weight particle swarm optimization algo-
tithm, which allows to avoid early convergence
and to prevent particles from trapping into local
optima due to update the inertia weight at each
iteration and cooperative particle swarm optimi-
zation dlgorithm, which explores the search
space in a real time efficiently and more detailed
by parallel computing of subswarms.
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COGNITIVE SMART-TECHNOLOGY OF DISTANCE LEARNING
OF EXPERION PKS DISTRIBUTED CONTROL SYSTEM
FOR OIL AND GAS INDUSTRY USING ONTOLOGICAL APPROACH

Abstract. The research is devoted to the actual problem of qualified engineering personnel training for the oil
and gas industry of the Honeywell company industrial equipment. There has been developed a cognitive Smart-
technology of distance learning of engineers in shared laboratories of Experion PKS distributed control system
equipment, which is currently widely used to solve a set of tasks from data collection and processing to technological
processes operating modes optimization at refineries. The application of the proposed technology allows to provide
high-quality personalized distance leaming using ontological models that are designed to analyze the structure of DL,
to systematize the input and output data, as well as significantly to improve the quality of the developed complex
software. The advantage of the proposed Smart-technology of DL is the use of cognitive methods for the dynamic
presentation of educational information using cognitive-visual schemes depending on the type of central nervous
system of the student: choleric, sanguine, melancholic or phlegmatic, as well as features of vision in order to improve
learning efficiency. Taking into account the individual characteristics of the perception of educational information
there was created a personalized learning trajectory. An important feature of the technology is the processing of
multidimensional data using a bioinspired approach of artificial immune systems in order to predict learning results
and prompt adjustment of the industrial equipment development process.

Key words: distance learning, Smart-technology, ontological approach, shared laboratories, Experion PKS
industrial equipment, cognitive methods.

Introduction. Nowadays, the actual problem is qualified engineering personnel training in the oil and
gas industry on modern industrial equipment. The development of innovative distance learning
technologies for effective training of specialists in shared laboratories (SL) on industrial equipment of
leading manufacturers is relevant. Since 1974, Honeywell company has been developing distributed
control systems (DCS) and is currently a leading company in the Fortune 100 rating in the field of
industrial equipment for various purposes [1]. Honeywell equipment is successfully used in the oil and gas
and chemical industries, for the production of turbo compressors, in industrial automation, etc. The
company pays special attention to training centers and training courses. There are a large number of
colleges around the world: in Germany (Honeywell Process Solutions); in France (Honeywell French
Automation College); in Russia (Honeywell Russia Automation College), etc. The company invests
heavily the development of E-Leamning and offers various virtual trainings. The platform Experion PKS
(Process Knowledge System) by Honeywell, which is a set of high-tech tools for solving various
automation tasks [2], is especially widely used and is often used at refineries.

The progress in the field of high technology and the creation of the Internet allowed to modernize the
sphere of higher education and one of the promising direction is distance learning (DL). The purpose of
implementation of distance learning technologies in the system of engineering education is to ensure the
availability of obtaining knowledge for students, regardless of their place of residence, social status, health
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Design of Technology for Prediction )
and Control System Based on Artificial G
Immune Systems and the Multi-agent

Platform JADE

G. A. Samigulina® and Z. 1. Samigulina ®

Abstract The work is devoted to the creation of a technology and an intelligent
system for prediction and control of complex nonlinear dynamic objects in the oil
and gas industry based on modified algorithms of artificial immune systems using
the multi-agent platform JADE. As an example, there is considered a technological
process for gas purification from acidic components at the U300 installation (medium
pressure absorber D302) of the Tengiz Chevroil enterprise. There has been developed
aknowledge base based on ontological models implemented in the Protégé ontology
editor. The creation of the knowledge base is carried out according to the concept
of MDA (Model-Driven Architecture), when first platform-independent ontological
models are created, and then platform-dependent ones. The hierarchical structure of
classes and the visualization of a common ontological model for a multi-agent system
are presented. Developed a block diagram of a multi-agent intelligent prediction and
control system, implemented on the JADE platform. A description of the containers
created in JADE and a fragment of the agent specification are given. Simulation
results are presented.

1 Introduction

Digitalization of industry and progress in the development of modern information
technologies, as well as artificial intelligence, contribute to the development of highly
efficient complex distributed automated control systems (DCS—Distributed Control
Systems), such as Expirion PKS from Honeywell company [ 1]. Large industrial enter-
prises Tengiz Chevroil, Karachaganak Petroleum Operating, and others actively use
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L INTRODUCTION

Nowadays, the design, construction or modernization of
industrial enterprises, such as ol refineries, is an expensive
process involving a number of technical difficulties. Replacing
a complex of technical means or upgrading old equipment
usually leads to a stop of complex production lines and
subsequently financial losses of the enterprise, since the
process of obsolete equipment upgrading is practically not
worth it. Maintaining expensive equipment in working
condition, timely diagnosis and prediction of critical conditions
is an urgent task. A large number of models have been
developed for analyzing equipment failures and their criticality,
such as: AMDEC (I'Analyse des Modes de Défaillances, de
leurs Effets et de leur Criticité) [1,2], HAZOP (Hazard and
Operability Study), FTA (fault tree analysis) [3], etc.

The AMDEC approach, which is a safety assessment
methodology for determining failures at the level of the
hardware and software systems, has become widespread [4].
The approach has 4 main stages: troubleshooting, impact
assessment, identification of potential causes and their
elimination, testing and documentation analysis. The following
software products for equipment failure analysis have been
developed: AMDAO, AMDECEDIT, AMIDEC, CARA,
FAILMODE, FIABEX, GAMDEC, HAZSEC, LEDA, MSI
REALITY, SOFIA, etc. For example, in [5], the AMDEC
methodology is used to assess the quality of battery cells, the
basic methods of charging a lithium-ion battery are considered,
and an individual failure mode and analysis of the
consequences of the battery production process are also
presented. Researches [6] are devoted to the use of AMDEC in
the field of storage and determination of the service life of
rubber seals. The methodology aims to identify potential
failures of seals and o-rings during production at various
phases of the product life cycle.

The AMDEC approach has been successfully used by
Schneider Electric, a major manufacturer of industrial
equipment and software [7]. According to the European
legislation, Schneider Electric is guided by interational
standards in the field of equipment safety: EN/ISO 13849-1
(Equipment safety-Safety components); EN62061 (Equipment
Safety - Functional Safety), etc. [8]. Diagnostic capabilities of

Authorized licensed use limited to: University of Exeter. Downloaded on June 18,2020 at 08:54:58 UTC from IEEE Xplore. Restrictions apply.
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PA3BPABOTKA KOTHUTHBHBIX ATEHTOB JIJI1 SMART CHCTEMBI VIIPABITEHIST

B cmamve npedcmaenena paspatomxa KOZHUMUGHBIX A2eHMO8 OTA MYToINUAZEHIHON SMart cucmemst
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Knrouegvie cnosa: myromuazenmmnas Smart cucmema ynpasierus, Mo0enoHo-opueHmupoeantsiti no0xXo0
(Model Driven Architecture, MDA), modens Belief-Desire~Intention (BDI), uckyccmeentsie ummyHHbie
cucmemvl, MOOUGUYUPOBAHHbIE ANZOPUMMbL, KOZHUINUGHBIE A2EHNbL.

G.A. Samigulina’, Z.I. Samigulina’
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DEVELOPMENT OF COGNITIVE AGENTS FOR SMART CONTROL SYSTEM

The article presents the development of cognitive agents for multi-agent Smart system of automated con-
trol of complex objects of the oil and gas industry based on the model of "beliefs, desires and intentions"
(Belief-Desire-Intention, BDI) and modified algorithms of artificial immune systems.

Keywords: multi-agent Smart control system, model-oriented approach (Model Driven Architecture,
MDA), Belief-Desire-Intention (BDI) model, artificial immune systems, modified algorithms, cognitiv
agents.

BaeeHne

B HacTosIee BpeMs yIIpaBIeHHe COBPeMEHHBIMH TP OMBIILTEHHBIMI IPEIIPHATHAMII OCYIIeCTBIA-
€TCsl ¢ TIOMOIIBIO CIIOXKHBIX PACIPENeNEHHBIX CHCTEM, BHIOMHAIOMNX ()YHKIII MOHHTOPHHTa, KOHTPOILA,
c60pa JaHHBIX I AHATHOCTHKI 06OPYXOBAHUSA TPI 3TOM OrPOMHBI MAcCHB TPOI3BOJCTBEHHEIX JaHHBIX
He TIOJIBEpraeTcs JalbHeilleMy aHaIu3y. B CBA3M ¢ STHM aKTyalbHa pa3pa0oTka Smart CHCTEMBI yIIpaB-
TIeHIIs, CIIOCOGHOI! HCTI0TB30BATH TOCTeHIe JOCTIDKEHIS B 00IaCTH HCKYCCTBEHHOTO HHTeTekTa (HIIT),
a Takke KOTHHTHBHEIX TeXHOJOTHIT 71 aHAIN3a IPOH3BOACTBEHHBIX JaHHBIX, IPOTHO3MPOBAHIIS I TIPH-
HATHA PelleHHil B YCIOBIAX NPOMBIILIEHHOIT SKCILTyaTAIHIL.

JUIs co3MaHusA MOTOOHBIX CHCTEM XOPOIIO 3apeKOMEHIOBAT cebs MOMeTbHO-OpHeHTHPOBAHHEIL
noaxox (Model Driven Architecture, MDA) [1,2]. Apxutektypa MDA 103BOIsSeT pa3padaTsIBaTh MOEIH
TIpeIMEeTHOIT 0071aCTII HCCIeI0BATENAM, He BIaJeloNIM HABBIKAMII IIPOTPAMMIIPOBAHIA HA OCHOBE A3BIKA
UML HII OHTONOTHYECKHX Mogeneif [3] I peaTn3oBEIBATh HX HA PA3MHYHEIX MPOTPAMMHBIX ILIATHOp-
Max. B 0071aCTII yIpaBIIeHIs CIIOXHBIMII 00beKTaM Takke IHPOKO MPHMEHSIOTCS MyIbTHATEHTHBIE CHC-
TeMs! (Multi-Agent System, MAS). Hanpimep, HcclIe0BaHI [4] MOCBAIIEHB pa3paboTKe paclpenenéH-
HOil aTaTHBHOII CICTeMBI poGAacTHOTO YNpaBleHIs Ha OCHOBE HelfpOHHBIX ceTell IiA Kiacca HeJmHeli-
HBIX MYTBTHATEHTHBIX CHCTeM C 3aIla3jbIBAHHEM I BHEIIHIMI ImyMaMil. Ilocrenneil TeHmeHmeii B 06-
TIaCTII aTeHTHO-OPHEHTHPOBAHHOIT pa3paboTKII POTrPAMMHOTO 0OeCIIeueH s ABISeTCS 00beTHHEeHHe TOj-
xozoB MDA 1 MAS 11 obecniedeHns HanolIee GBICTPOIT I 3¢ HeKTHBHOI pealn3anii My TbTHATeHTHBIX

* PaGora phmommena mo rpanty NeAP05130018 KH MOH PK, mo Teme: «Pa3paGorka KorRMTHBHOf Smart-
TeXHOTOTHH IS HHTEIeKTYATBHBIX CHCTeM YNPABICHIS CIOKHBIMI 06bEKTAMH HA OCHOBE MOIXOXOB HCKYCCTBERHOrO
nmTeseRTa (2018-2020 1),

UTHOV. 2019. Ne 4. 39
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HCKycCTBeHHOro mHTelekTa (M) B HacTosiee BpeMs aKTyalbHOH 3ajadeil SBIfeTCS
co3jaHHe Smart - CHCTeM IPOTHOSHPOBAHHS M YIPABICHHS CIOXHBIMH OOBEKTaMH,
(YHKIMOHHPYIOIIIMH B YCIOBHSX HEONpPENENEHHOCTH IIapaMeTPoB UL  Pa3IHYHBIX
TIPUKJIAAHBIX oOJacTelf, HApHMep, pa3paboTKa MPHIOKEHHH IS CHCTeM IIPOMBIIUIEHHOMH
ABTOMATH3ALlMM H TEXHOJOTHYECKHX IIPOIlECCOB HedTerasoBoil orpacmd. IIpoGreMsl
(YHKIMOHHPOBAHMS TAKHX CHCTEM CBS3aHBI C OTPOMHBIM KOJIHYECTBOM HeyYTEHHBIX
(akTOpOB, BIHAIOMMX Ha CHCTEMY H HEOOXOOHMMOCTBIO OOPAaGOTKH OrPOMHOrO IIOTOKA
MHOTOMEPHBIX JaHHBIX B pealbHOM MacIuTabe BpeMeHH. HefipoHHbIe ceTH [1], 3BOTONHOHHBIE
aropHTME! [2], poeBoii nATemIeKT [3] 1 Apyrue MeToms! MM IMIPOKO IPHMEHSIOTCS IIPH
CO3JJaHHH HHTEUIEKTYaTbHbIX CHCTEM YIpPABIeHHS BO MHOTHX OTPACILIX NPOMBIILIEHHOCTH:
He)Tera3oBoii, a3pOKOCMHYECKO, SHEPTeTHIECKO H Jp.

HckycctBeHHbIe HMMYyHHBIE cucTeMs! (MUC) [4,5] 1 Moan(UIEPOBaHHBIE aITOPUTMBI,
pa3pa0oTaHHBIE Ha HX OCHOBE IIPEACTABIIIOT ONpelIeIeHHBIH HHTepeC IIPH CO3MAHHH TaKHX
Smart-cucteM. ITo TaHHBIM BeTyIIEro MHPOBOTO H3/1aTeIbCTBA Springer TOIBKO 3a IIOCIEIHHE
HECKOIBKO JIeT OBUIO OIyOIHKOBaHO oKoido 140 000 paGoT HO JaHHOH TeMaTHKe C
TIPHIOKEHHSIMH UL PA3/IHIHBIX CIOKHBIX 00BEKTOB OT JHATHOCTHKH COCTOSHHS BO3IYIIHBIX
TypPOUH, 0 HCCIIENOBAHHIT B 00JIACTH 3IeKTPHIECKIX PacIpeeIéHHBIX CHCTeM [6].

Ienvio uccnedosanus saeisemcs co3naHne MHOTO(YHKIMOHaNbHOH UUC 1is cHcTeM
TIPOMBIIUIEHHO aBTOMATH3AaIMH B HedTerasoBol OTPACIH, COCTOSIIEH H3 IIOICHCTEM,
PeaTH3yIONHX OCHOBHBIE MEXaHH3MBI H &JTOPHTMBI (HyHKIHOHHPOBAHHS HMMYHHO CHCTEMBI
genoBeka. PaccMarpuBaroTcss amropuTMsl MMC Ha OCHOBE MOJIEKY/LIPHOTO y3HABaHHS,
KJIOHAIBHOTO 0TGOPa M HETaTHBHOH CeJEeKIHH, a TakKe MOIH(HITMPOBAHHBIE aITOPHTMBI Ha
OCHOBE KOMOHHHPOBAHHS pa3IHYHBIX METOJNOB HCKYCCTBEHHOTO HHTeIIeKTa |[7].
MHoro$yHKIHOHAIbHAS HCKYCCTBEHHAss HMMYHHAs CHCTeMa HCIIONb3yeTcs IIPH OIEHKe
COCTOSIHHS H IPOTHO3a IMOBENEHHS Smart - CHCTeMBI, IS JHATHOCTHKH OGODPYNOBAHHA,
TOJNEPKKH MPHHSATHA PEIIeHHS H ONEePaTHBHOTO YNPABIEHHS Ha OCHOBE KOPPEKTHPOBKH
TIOBEJICHHA CHCTEMBL.

Pa3paGoTka ~ MHOTOQYHKIMOHAQTBHOH  HCKYCCTBEHHOH  HMMYHHOH  CHCTEMSI
OCYIIIECTBILIETCS C HCIIOIb30BaHHEeM MyIbTHATEHTHOr 0 oaxoza [8]. Fcronp30BaHHe JaHHOTO
TOAX0Ja IPH CO3JAaHHH COBPEMEHHBIX NPWIOKEHHH B HPOMBIIIICHHOH aBTOMATH3aIHH
YROGHO JUIS peallH3alliy Pa3IHIHbIX HHTEIEKTYaIbHBIX METO0B. My/IbTHAT€HTHAS CHCTEMA
COCTOHT H3 MHOXECTBA B3aHMOJEHCTBYIOIIMX areHTOoB, ()YHKIMOHHPYIOIIMX B cpele H
o0IlajjaeT PsOM JTOCTOMHCTB, TAKHX KaK: CaMOOPTaHH30BAaHHOCTb, THOKOCTb, T.e. CHCTEMa
MOXeT OBITh JOIOTHEHA H MOXH(HIPOBAHA, MACIITaGHPYEeMOCTh, MHOT 0() yHKIIHOHAIBHOCTD
H ONITHMAaJIbHOE pacIpe/ieleH e BEIIHCIHTETbHBIX PECYPCOB.

KorsutuBHBIE areHTH!, 61arofaps HX CIOKHOCTH, HATHYMIO 3HAHMI H CIOCOOHOCTE K
PacCyAIeHHSIM O CBOeM IOBEJCHHH M BHENIHeH cpele, MOTYT OBITh (olee aBTOHOMHBIMH,
CIIOCOOHBIE K aBTOMATHIeCKOMY HAKOIIICHHIO H HCIIOIb30BAHHIO 3HAHHIT B IIPOIlecce PaGoTHI,
007TaJal0T aJAaNTHBHBIMH CIIOCOOHOCTSAMH, dTO oOecrednBaeT 3(pQeKTHBHYI0 paboTy
YCTaHOBOK H KOMIIIEKCOB B THHAMHYECKH H3MEHSIONINXCS YCIOBHSAX [9].
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WHCTUTYT UHopMaLMOHHbIX U BblumcinTenbHbix TexHonorwii, r. AnMatbl, KasaxctaH
3.1. Camurynuna, Ph.D, zarinasamigulina@mail.ru

®akynbTeT MHopMaLmoHHbIx TexHororuit, KazaxctaHcko-bputaHckuil

TexHuueckuit YHuBepeuTeT, r. Anmathl, KasaxcTaH

KOrHUTUBHASA SMART-TEXHONOIMAA AUCTAHLUMOHHOIO
OBYYEHWUA PACNPELENEHHOW CUCTEME YIPABJIEHUA
Ona HE®TEFA30BOU OTPACIU

Annomayus: YiccnenoBaHus IOCBSIIEHB! aKTyalbHOII IpoOleMe MHCTAHIMOH-
HOTO OOyYeHIsI COBpEeMEeHHOIl pacmpenenéHoil crcTeMe ympaieHsu Experion PKS
¢$upmsr Honeywell mmpoxo mcmons3yemoii Ha HedyTerasomepepabaThIBarOMIX Ipes-
npusiTiax Kasaxcrana. CIOXKHOCTE COBPEMEHHOTO OGOPYNOBaHMS MPOMBIILICHHOM
aBTOMATH3allMI H YIaJEHHOCTh 00BEKTOB H0OBMN He(TH, a TaKKe CTPEMHTETBHOS
Ppa3sBHTHE HHTEUIEKTYaIbHBIX METOI0B 00pabOTKH MHOTOMEPHOIl HH(pOpMAIMI OnIpe-
JeNsieT NepCIeKTHBHOCTD CO3MaHNs HHHOBAIIHOHHON KOTHHTHBHOI Smart-TeXHOIOTHH
obyuenns. JlaHHas TEXHOJOTHSA OCHOBaHA Ha MOCHEIHHX J0CTHKEHHSX HCKYCCTBEH-
HOTO HMHTENIEKTa M yUHTHIBAET OCOOSHHOCTH 3PEHHsS OOYYaroIIHX C IMOMOIIBIO KOp-
PEKTHPOBKH IIBETOIOAAuN yd4eGHOro Marepmanga M JMHAMHYIECKOTO HPEICTaBICHHS
HH(OPMAINH ¢ HCIONb30BaHHEM KOTHHTHBHO - BH3YalBHBIX CXEM B 3aBHCHMOCTH OT
neuxoTHma. IIporHo3 i KOppeKTHPOBKA Hpollecca OOyYeHHs OCYIIECTBISETCS C II0-
MOIIBIO MOTH(HITPOBAHHOTO AITOPHTMA HCKYCCTBEHHBIX HMMYHHBIX CHCTEM.

Kriouesvie c106a: KOTHUTHBHAS Smart-TeXHOJIOTHS, AMCTaHIIHOHHOIT 00yueHie,
pacmpenienéHHas cucrteMa ympasiaeHus Experion PKS, medrerazoBas otpacis,
HHTEIUIeKTyaIbHbIe METOIbI, ICKYCCTBEHHBIE IMYHHBIE CHCTEMEL

COGNITIVE SMART-TECHNOLOGY OF REMOTE LEARNING OF
DISTRIBUTED CONTROL SYSTEM
FOR OIL AND GAS INDUSTRY

G.A. Samigulina, doctor of technical sciences, docent, galinasamigulinar@mail.ru
Institute of Information and Computing Technologies, c. Aimaty, Kazakhstan
Z.1. Samigulina, Ph.D, zarinasamigulina@mail.ru
Faculty of Information Technologies,
Kazakh-British Technical University, c. Aimaty, Kazakhstan

Abstract: The studies are devoted to the urgent problem of distance learning of a
modern distributed Experion PKS control system by Honeywell widely used at o1l and
gas refineries in Kazakhstan. The complexity of modern industrial automation equip-
ment and the remoteness of oil production facilities, as well as the rapid development
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APPLICATION OF CLONAL SELECTION ALGORITHM FOR PID
CONTROLLER SYNTHESIS OF MIMO SYSTEMS
IN OIL AND GAS INDUSTRY

Olga shiryayeva, Timur Samigulin
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ZASTOSOWANIE ALGORTYMU SELEKCJI KLONALNEJ DO SYNTEZY REGULATORA PID
SYSTEMOW MIMO W PRZEMYSLE PETROCHEMICZNYM

Soeszcenis. 7 arhle prediasions eyl sasouia sueigeyeh sehvologi do Jyissy senb MMO w pramle perocieicon.
7 s ghidc Y, 6 By R AT S G £ e o GBS 2 SR o e
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S acaowe: v e logiz (AL, s coors i CLONALG) kol P, e MDA

Tntroduction

The problem of suheis of complex it
slidimensionsl molt-comectsd, techualogicsl  procssses
controlis 2 wgent task i control theory. A promising dirction
in the design of MMO-sstems is the e of bioiapired
Slzorithms that sre sfscivaly seed in sohing opimization
problems [15]

Nowadys, 2 arge amouat of publications are devoted o the
syuthasis of optimal sontol based on bioispived slzorithms for
one-dimansional (SISO) systems [2], Genatic algoritiss (GA)
110, 14], amt colony slzorithms (ACO) (5], paicle swamn
algorithms (PS0) (1], arificial immane systoms (AIS) [6] a2
idely wied The considred slgortune bave the Sllowing
istinetiva eatures: high accuracy of caleulations, speed, aud the
abilit of the algoritams to work 2 the bsence of complate
informtion shout the ool cbject.

'0f 2 particalr inerest ae the agorithns o regulators funing
based on AIS_In particular, the CLONALG algoritim, the use of
which for solving optimization problems and regulstrs funing
sivessmors sfcient rsults hn ACO s GA i the sice [12,
e simalaton raslts show tht the slgorthm of the i
systam for tuning the PID-regulatr bas 3 high accwracy of the
Soluion and he st of comveszance.

The we of an wifioal bumme system gorithn for
optimizstion problans i presented in [4], 2 mn sxampls of which
thera was takan 3 DC servo drivespeed control. The PID.regultor
contoler was configurad using the AIS Agorithen by minimizing
e shaclutetime asor. The rasalts s compared with he resute
of the Zisgler Nickols tuning mathod, and it was obvious that the
AIS gava the bestresults. The AIS algorthm showed that t1s ole
o find 3 slobal optnal soluion, nd it £ave = betar anewar han.
the traditional tuning methods n tams of time rise, fime
adjustmant steady state e and overshoot

The works 1, 16] are 2o davotad (o the funing of 2 PID-
regulaor ofthe systems using the AIS algoritum. The simulation
seslts show that the AIS algoritim i an effactive method for
PID.regulator parametes optmizaton.

‘Ammong e ATS algorthns, the CLONALG algorthm s wsed
extensivaly. Clonal selacion i 2 theory hat i s o explain the
mackanisms of the immume response when immme colls
racomize images of forsign antigens by amtbodies (9] The
CLONALG lgorithu, which modals the basic principles of the
Clonal selection fiaory of the immums system belongs

to the category of computstional intallgence systems, which
include systems capable to adapt their bebaviour when they
achieve their goals, e which have the abiliy o leam even 2t e
absence of 2 parson in contrast fo ariicil ntalligence systems.
and to so-alled “symbolic computations”, the late of which are
incapsble ofalflesmming in senersl.

“Tha CLONALG slzorithm i of & srest intarsst bcauss of it
developraent on 3 clsss of MO contol ystems. The purpose of
i article s to obain basic coneapts for the fommation of optimal
control syhsis algoritams based on the CLONALG clomal
collaton slzorthm of tificial immone systems for 3 MO
Control sysem

1. Mathematical model of MIMO-system in oil
and gas industry

s 3 MIMO control system, let comsider 3 wo-dimensionsl
process o oil nd gas industry, charactrized by the prasence of
o nputs 2nd o nterconnacted outputs.

For_multdimensional multiply comscted system for gas
disillation process contol arough 2 distllation column, i i
essssary o syuthesize 3 comoller based on bisimspired
Slzorthms in ordar to schieve the dssired modes 31 quicly 3
possble

Distillton columus consist of several componssts, exch of
ki is used to ransfr thermal energy or fo increise mass
transer [13], Basic DC sonsists of 2 varieal pparstus containing
e, which e dsugmad fo sshmce the separion of
components 2 reboiler (bole for reheating) o provide tharmal
ey in order to achisve the nassssary svsporation in he lower
part f the colums: 3 condenser fr cooling and condensing steam
Som the top of fhe colums: 3 refiex task (column dmisstion
collcto) to ol the condansed seam,in ordr o retum the fuid
ack fom the top of the column. Most disilation procass control
cystans, both convantions] and moders, suggest that the column
operates 2 constan pressur. Tha pressre fuctution makes he
control more el and e s sffiensy. The siucturs of
the LV (L is the ow rate of the liguid, 1 the flow rate of
steam) can be considered 35 the standard contol strcture Bx
iillston with doubla conteol over the conteat. In such 3 conzol
sructure,the v rae ofthe liguid L and the flow ate of s steam.
7 are contol inputs [13]. The task of the regultor is to maitain
the desired concentrtion of the products, 7.5, .. 3t theoutput of
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Tocramosxa  mpoSaemsr  m  amamm rrepaTyps1
Mo/THQHIHpOBAHELE ATTOPHTME! 1% PEMEENS SATAT CHETEIa ONTHMATEHEIX
CHCTEM B RACTOAIEe BDEM 10T TyIIHE PESyTSTATEL SeM TPATHIORHSIE
METOTS HACTPORKE THIOBX pery1aropos. B padore paccuaTpmeaeTcs
MOTHOHIHPOBARHEI ATTOPHT, 117 KOTOPOTO HCHOTS3YROTCE MEXAHHIMEL H
IpEmMYIeCTEa ATIOPHTMOB HCKYCCTBERHOR MMMYEHOR cHcTeMst (AIS). i
reseTIIeckoro atropuTMa (GA)

ATTODHTMS! HCKYCCTBEHHAIX HMMYHEHSIX CHCTEM 92CTO TIDHMEEFIOTCE
210 pemeHEI A1 ONTHMISAIMH H  DACTIOSHABAHEX  OGPAI0B,
"HATIOMAHAIOIIHE NAATTETSHR ATTOPHTM C BOCKOKIEHHEM K BEPUIEe H
TeReTIeCKinit ATTODHT Ge3 omepatopa kpocciErosepa [1]. B paGotax [2 - 4]
DESTSTATl MOTETHDOBAHEA IOKAJSBANT T ATIOPHTME HMMYHEOR
CHCTeMH 118 HAcTpOfkE ITHJI-pETYIRTODOB ONTHMATHEEIX OTHOMEPHEX
CHCTEM HMEIOT BHICOKYH0 TOSHOCTS PEMeRHE H CKOPOCTS CXOTHMOCTE

Hanpmiep. QTOPHTM HCKCCTBEHHOR HMMYRHOR CHCTEMS! GET
PEMHEH 119 DEMeHHA 3011 ONTHMESINN YUDABTEHHS CKOPOCTHO
cepronpEoma mocToREEoro Toka [S]. Kortpontep TTHJI-peryasropa Gait
HACTpOEE ¢ HCHOSI0BaEMeM ATOpETMA AIS MyTeM MEEEMESamEH
aBeoTHOTHOR OMIHOKI 10 BpeMERH. Pe3YTSTATS! CPABRHBATACE C PEIyTLTATAMH
Metora mactpoftsar Iurmepa-Himkonca, i Gsuto o%esmmeo, mo AIS maer
yamme pesymsTaTar Anroprn AIS OKA3AT, IO OH CHOCOGEH EAXOTHT
I00aTHOE ONTHMATHHOE DEIeHME, H OF 141 PeIIeHHe Tydme, Ten
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PA3BPABOTKA ITPOT'PAMMHOI'O OBECIIEYEHUA B JADE JIJIAA
MYJIbTHATEHTHOI CHCTEMBI HA OCHOBE KOOIIEPATUBHOI'O
AJIT'OPUTMA POsI YACTHII C BECOM HHEPIINH

Annomayua. CTaThd TOCBANIEHA pa3paGOTKe MYINHTHATEHTHOH CHCTeMBI HAa  OCHOBe
KOOIIEPaTHBHOTO alr'OPHTMA POsl YacTHI] ¢ BecoM HHepiuH (Cooperative Particle Swarm Optimization
with Inertia Weight, CPSOIW) 111 HHTeIIeKTyalbHOH CHCTEMBI YIPABIEHHS H IPOTHO3HPOBAHHS
CIOXKHEIMH ~ OOBEeKTAMH B  HeQTerasoBoil  oTpacii.OGOCHOBAaHA —AKTYambHOCTh — IIPHMEHeHHS
MyIBTHATEHTHBIX CHCTEM IS PA3MHUHBIX IPHIOKeHHIT. Pa3paGoTaHO IIPOrpaMMHOe obecredeHHe Ha
mnatgopme JADE 111 0GpaGOTKH MHOTOMEDHBIX JAHHBIX H IIOCTPOSHHS ONTHMATLHOTO HaGopa
JIeCKPHIITOPOB Ha OCHOBe MofH(HIHpoBaHHOro CPSOIW amropurMma. IlpeactaBnera UML anarpaMma
CPSOIW amropurMa. PaspaGoTaHa apXHTeKTypa MyIbTHAaleHTHOil CHCTeMBI Ha ocHoBe CPSOIW
amroput™a. IIpH pa3paGoTKe MyIBTHATEHTHOI CHCTEMBI CO3JaHBI CIEIyIOIHe AreHTHL: areHT Gasbl
JaHHBIX, MEHEKep areHT, areHT OCHOBHOTO POf, aTeHThl IOJYHHEHHBIX poeB H Jp. IIpHMeHeHHe
JAHHOTO ITIOJXOJa II03BONAET IIApalielbHO OOpaGaTHBATh MHOTOMEpHBIE NaHHBIE IIPH NOCTPOEHHH
ONTHMATBHOTO HAGOPa JECKPHIITOPOB IS YMEHBIICHH BpeMeHH BEIIHCTICHHIT.

Kniouegvle c706a: KOONEPATHBHBIN AaIrOPHTM PO YACTHII C BECOM HHEDIJH, BBbITeNeHHe
HH()OPMATHBHBIX I€CKPHIITOPOB, ITapaslie/bHble BRIYHCICH s, MyTbTHATeHTHAA cicTeMa B JADE.

TexHHYecKHe NOCTIDKEHHS B OOJACTH HCKYCCTBEHHOTO HHTEJUIEKTa CIIOCOGCTBOBAIH
pa3pa0OTKe HHTEILIEKTyalbHBIX CHCTEM YIpPABICHHS H MPOTHOSHPOBAHHS, IIHPOKO
TIPHMEHSAEMBIX B COBPEMEHHBIX CHCTeMaX IIPOMBIIUICHHOH aBTOMATH3AIHH UL Pa3IHYHBIX
oTpaciefl. B paccMaTpMBaeMBIX CHCTeMAaX AaKTHBHO  HCIIONB3YIOTCS — COBPEMEHHbIE
pacmpeieIéHHbIe CHCTEMBI, KOTOPbIe OCYIIECTBIIIOT MOHHTOPHHT, THATHOCTHKY 000PYIOBAHHL
H yIpaBIeHHe CIOKXHBIMH TEXHOJOTHYECKHMH IIporieccaMt. OTPOMHEI 06B5EM HH(pOPMAIMH He
YUHTBIBaeTCS NPH (YHKITHOHHPOBAHHH PacCMATPHBAEMBIX CHCTEM, KOTOPBIH MOKET C yCIIeXoM
TPUMEHATBCS JUI1 aHAIH3a H IPOTHO3HPOBAHMS IIPOM3BOICTBEHHBIX IAHHBIX Ha OCHOBE
HMHTEIIEKTYalIbHBIX AIrOPHTMOB. OCOGEHHOCTBIO HHTEIEKTYAIbHBIX CHCTEM YIIPABJICHHS
SBIIETCS HEOOXOIMMOCTh OOPAGOTKH OTPOMHOTO IOTOKA MHOTOMEDHBIX JAHHBIX B PeXHMe
PealbHOTO BPeMeHH. AKTYalbHO HCIIONB30BAHHE Da3lMYHBIX AITOPHTMOB C IapaslIelbHOMH
006paboTKOI JAHHEIX, KOTOPHIE CYNIECTBEHHO COKPAIIAIOT BPEMsI BEITHCIICHHI.

B moceHee BpeMs GOJIBIION HHTePeC BBI3BIBAIOT aTOPHTMBI poeBoro uHTetekTa (PH),
KOTOpble OCHOBAHBI Ha KOJUIEKTHBHOM IOBEIEHHH CAMOOPTAHH3YIOIIHXCS areHTOB JIOKAIbHO
B3aHMOJIEHICTBYIONINX APYT ¢ ApyroM. IIpuMepamu PU SBISIOTCS: MypaBbUHBIH alIroput™ (Ant
Colony Optimization, ACO), amroput™m pos gactur (Particle Swarm Optimization, PSO),
muenuHblii - anroput™  (Artificial Bee Colony, ABC), aaroputM CepeiX BOJIKOB
(GreyWolfOptimization) u ap.

JUns peanmusanuy anropurMoB PY IpHMeHSeTCS areHTHO-OPHEHTHPOBAHHAS TEXHONOIHS
Ha OCHOBe MyJbTHAareHTH5IX cucTeM (MAC). Ha ceromusmmHuii eHp pa3paGoTaHO OOIIHPHOE
TporpaMMHoe obecriedeHne 1 moctpoeHns MAC. HamGornee H3BECTHBIMH IUIAT(OpMaMu

124
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20. TuiubiMGaes C.T., Bepau6aes P.1LI. Omap T., Laiikynosa A.A., Maraynt B.A.
Matpuunas cxeMa YMHOXWTENS HHCEN TI0 MOAYIIO, TAe YMHOXKEHHE HauMHaeTes co
craplMx paspaaos MHoxkwutens. Ceuaerensctso Ne2690 ot 8 anpens 2019 roaa o
BHECEHMil CBEJEHHMIl B TOCYAApCTBEHHBIH peecTp NMpaB Ha OOBEKTHI, OXpaHsemble
ABTOPCKMM MPABOM.

CUCTEMA JUATHOCTHKH MPOMBIIIJIEHHOT'O
OBOPYJIOBAHUSI HEOTETA30BOM OTPACJIM HA OCHOBE
MOJAUPULHUPOBAHHBIX AJITOPUTMOB HCKYCCTBEHHBIX
UMMYHHBIX CUCTEM U IIOJAIXOJA AMDEC

Camuryauna [.A., Camuryauna 3. 1.
galinasamigulina@mail ru, zarinasamigulina@mail.ru
Huemumym ungpopmayuonnulx u goruuciumensivix mexnono2utt KH MOH PK,
Kaszaxcman
Kasaxcmancxo-Bpumanckuti mexnuveckui ynueepcumem, Kazaxcman

Annomayus. Heeredosanus nocesujenvl akmyaibnoil npobrese npumenenus
co6peMennbIx  OOCMUNCEHUT!  UCKYCCMBEHHO20 UNMELIeKma O1s  asmomamusayuu
NPOMBIUIEHHBIX NPEONPUAMUTI HehMe2a30601 OMPACI U CEOEEPEMEHHOT OUAZHOCTUKU
cboee 6 pabome 060pyO0oGaHus, KOMOpble NPUEOOAM K ABAPUINHBIM CUMYAUUAM HA
npouseodcmee, npocmosm  u  Gonvwum  xonomuveckum  nomepam.  Lllupoxo
UCNOL3YIOMCA. pacnpedenénnvie cucmeMvl ynpasienus Hegmenepepadamyieaouumu
npeonpusmuAMu, 6 KOMOPLIX 02POMHBIE NOMOKU OAHNbIX APXUSUDYIOMCA, HO He
ucnoab3yIOMea O GHAAU3A U NMPOZHO3A KPUMUYECKUX CUMyayuil u OuaznoCmuKu
cocmosnus  obopyoosanus. Tak kak 6 Hacmosujee Gpems He  cyujecmeyem
VHUGEPCAILHbIX QI2OPUMMOB UCKYCCMBEHHO20 UHMEIEKMA, CROCOOHbIX 0OUHAKOBO
aphexmuero  ocywecmename npo2no3 OIS PARIUNNO20 MUNG  NPOUGOOCMBEHHbIX
Oannvlx, pexmuena paspabomka MOOUPUYUPOCAHNHBIX AT2OPUMMOB UCKYCCMEEHHbIX
ummynnolx  cucmem.  Paspabomana  cucmema  OUGZHOCMUKU  NPOMBIULICHHOZO
obopydosanus Ha 0CHOBe NOOX00A AHANU3A PEICUMOE, OMKA306 U UX KPUMUYHOCMU
AMDEC (I'Analyse des Modes de Défaillances, de leurs Effets et de leur Criticité) u
Moouduyuposannvix  areopummos  HUC ¢ ucnoivsosanuem  npoMbluieHHO20
obopyoosanus gupmvr Schneider Electric. Hpumenenue nooxooa AMDEC noseonsem
ebiAeIAMy  paziuunble  crabble  Mecma  0DOpyOOGanus u  ucnoavsyemcs 01
npoenosuposanus. 6o3modiclx cooes. Pacuupenue mooeru AMDEC ¢ nomoupvio
MOOUPUYUPOSAHHBIX AIZOPUMMOB UCKYCCMEEHNBIX UMMYHHBIX CUCMEM no3eo.siem Ha
ocHOGE UHMENNEKMYAIbHO20 AHATU3A OGHHBIX OCYWECMENSAML NPOZHO3 COCMOAHUA
NPOMBIUAEHHO20 0BOPYO06AHs, OYEHKY KPUMUMHOCTU OmOeibHbix cOoes, oasamo
peKoMeHayuu K npUHAMuUIo pewlenuil o yCmpanenuio Omkazos u d6apuitislx cumyayuil.

B wHacrosilee BpeMs TPOEKTHPOBAHME, CTPOMTENLCTBO WM  MOJCPHU3ALUS
NPOMBILIIEHHBIX TPEANPUSTHIA, Takux Kak Hedrenepepabarbisatomme 3asoaer (HIT3)
ABAAIOTCS  JIOPOTOCTOSLIMM  TIPOLECCOM,  COTIPSKEHHBIM € PALOM  TEXHHUCCKHX
TPpYAHOCTEl. 3aMeHa KOMIUIEKCa TEXHUUECKHX CPE/ICTB WM MOJEPHW3ALMA CTaporo
060py0BaHis NIPUBOAMT, KAK MPABHIIO. K OCTAHOBKE KOMMIEKCHO-TEXHONOTHUYECKHX

303
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obopyaoBanus HedTerasoBoii 0TpacIn Ha OCHOBE
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Cexnust — 1. CoBpeMeHHEIE TPOOIEMBI TIPIKIAIHOI MAaTEMATHKI, MHQOPMATIKI 1 TEOPHH YNPABIEHIL.
MopemipoBanIe I ONTHMH3AINIS CIOKHBIX CHCTEM I GI3HEC MPONECCOB. BEIMICIITENbHAS MaTeMaTHKA,
YICTIEHHBIIT aHATI3 I TIPOTPaMMHPOBAHIIE, MaTeMaTHIeCKas Joruka. Teoprs cTaTieTHki. CTAaTHCTIYECKIE
MeTomB!

PA3PABOTKA BA3BI 3HAHUIL 1151 MYJIbTHATEHTHOI
CHCTEMBI HA OCHOBE KOOIIEPATHBHOI'O AJITOPUTMA
POSA YACTHIL C BECOM HHEPIINH

Camurynuza I'.A., MacumkadoBa JK.A.
galinasamigulina@mail.ru, masimkanovazh@gmail.com
Huemumym ungopmayuonnvix u eoruuciumensuoix mexronozuii KH MOH PK,
Kazaxcman Kasaxckuil HayuonansHuiil yHueepcumen um. ano-Papabu, Anmamei,
Kasaxcman

Annomayus. Paboma noceaujena paspabomxe 6azvl 3HaHuil Ons MyTbmuazeHnHoil
UHMENNEKMYATbHOIl CUCIEeMbl YNPAGIEHUA U NPOSHOZUPOBAHUS CIOHCHBIMU 0BbeKmami
Ha 0CHOGe MOOUPUYUPOBAHHO20 aneopumma pos yacmuy ¢ eecom unepyuu (Cooperative
Particle Swarm Optimization with Inertia Weight, CPSOIW) u onmonozuyeckozo
nooxoda. OOHoil uz npobeM, 6O3HUKAIOUUX NPU PaA3PabomKe MylbMUAZEHNHBIX CUCTIeM,
Aensemes npedcmaenerie u UHMePayus 3HaHul Ha ocHosee oHmonozuti. Paspabomana
6aza sHaHuil ONA MYTbMUGZEHMHOT ClCeMbl peanu3oeanHoli Ha niamgopme JADE na
ocHoge moduguyupoeannozo CPSOIW anzopumma. Onmonozuteckas Modens nocnmpoena
6 peoaxmope onmonozuti Protégé. Ilpedcmaenenst maxcoHoMUs K1accoe u GU3yanu3aylis
onmonozuieckoti modenu Ha ocnoee CPSOIW anzopumma.

Kniouesvie cno6a: unmennexmyanoHas cucmema ynpaeneHus, MymrbMuaeeHmHas
naamgpopma JADE, evidenenue ungpopmamueHsix OecKpunmopos, KoonepamueHwiil
anzopumm pos 4acmuy ¢ 6ecom uHepyul, 6aza 3HaHull, OHMONOUYECKUTT NOOX0O.

B HacTosmee BpeMs aKTyalbHO IIPUMEHEHHe COBPEMEHHBIX METOIOB
HCKYCCTBEHHOTO MHTeIUIeKTa JUI YIPABICHHS CIIOKHBIMI 00BbeKTaMH Ha 6a3e peaJbHbIX
TPOM3BOACTBEHHBIX ~ NAaHHBIX. IIpH  pa3paGOTKe  HHTEUIEKTYalbHBIX  CHCTEM
TIPOTHO3HPOBAHHS H YIIPABICHHS CJIOKHBIMH OOBEKTAMH H aHAIH3€ OOJBIINX MAacCHBOB
JIaHHBIX B PeaJbHOM BPEMEHH aKTyalIbHBIM SBISETCS BpeMs BBIUHCICHHII alropuT™Ma. B
TIoCIIeIHee BpEeMs CPEIH MHTeILIeKTyalIbHbIX IOIX0/I0B HaOIrofaeTcs GOIBIION HHTepec
K IIPHMEHEHHIO aITOPHTMOB POoeBOro HHTeIeKTa (PII) [Is pelleHns ONTHMH3aIHOHHbIX
3a/1a4. AKTHBHO Pa3BHBAIOTCS aITOPHTMBI MypaBbHHBIX (Ant Colony Optimization, ACO)
[1], muennmbix konoHuii (Artificial Bee Colony, ABC) [2], anroputym cepbix BoakoB (Grey
Wolf Optimizer, GWO) [3], aroputm post gactur (Particle Swarm Optimization, PSO)
[4] i npyrHe.

IlTupokoe pacmpocTpaHeHHe NoTydmwl PSO  alIropHT™M, KOTOpBIl yCIeEIHO
TIpUMeHSeTCs IPH NPeIBapUTeIbHOI 00pabOTKH JaHHBIX H BBIIEICHHHI HHOOPMATHBHBIX
JIECKPHUIITOPOB IS NaIbHEilIIero IporHo3HpOBaHIs U YIPABICHHS CIOKHBIM 00BEKTOM.
B xmaccuueckoM PSO amropurMe HCIOIb3yeTcs NOCTOSHHBII BEC HHEPINH, YTO
TIPHBOJINT K IIpoGlIeMe IpeKIeBpeMeHHOIT CXOIMMOCTH. B alropuT™Me pos 9acTHII C BECOM
unepun (IWPSO) juis perreHnst 5Toif mpoGIeMBl HCIONB3yeTcs Bec HHepImH [5],
KOTOPBIiT H3MEHAETCS OT HTePAIHH K HTePAIMH JUIT COXPAHEHHS Pa3HO0OpasHs peleHH it
H TpeIoTBpallleHNs MONajaHHs B JOKAIbHblE ONTHMYMBL [T COKpaIIeHHs BpeMEHH
BBIYNCIIEHHUIT HCIIOIB3YeTCs KOOepaTHBHEIIT aropit™ pos dactur] (CPSO) [6], koTopsrit
3a cHeT IapaLIeIbHOl 06pabOTKH IeTaIBHO H OBICTPO HCCIIeIyeT IPOCTPAHCTBO ITOHCKA.
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urepatypa:
1. Deerwester S.. Dumais S.. Harshman R. Indexing by Latent Sematic
- Journal of the American Society for Information Science. 1990. - p. 391407
2. Hoffman T. Probabilistic Latent Semantic Indexing. / - Proceedings of
2nd annual interational 2
information retrieval. 1999. — p.
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Machine Leaning R 2003
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CHHTE3 CHCTEMBI YIIPABJIEHHS HE®TET A30BOI
TPAC.TIH HA OCHOBE HCKYCCTBEHHBIX HMMYHHBIY
CHCTEM U AJITOPHTMA HETATHBHOI CEJEKITHA

Iilnpsesa O.1
mail: oshiryayeva@

cmexa  ynpa
arzopumao
erenu
uil pezyrs
onmunanso:
ayuu aropumva d1s pewenus np
mes ancopuma Hezamies nexyu,
wyHHe

ompacns,

3¢dexrunrocts
mayRERX cacren. AIS.

HTe:d THIOBSIX PeryISTOPOB. OGYCTABTHEIT NCHEKTHBHOCT: PAIBHTHA AGHEHO
METOZOTOTHI 413 YIPABICKHS NPOLIECCANMH HedTerasonoll oTpacii. C Nefsio pemeris
WM CHHTE} ONTHMATHHOM CIORHON CHCTEMS! YNDABTCHHS IpOLECCRMI
AHCTIUISIHORHON KOTOHHS! NpONECCA OYHCTKH NPHPOTHOTO Ia3a OT PAVTHTHEX
Ipmecei,  AAHHOA CTAThe. HCIOTE3YIOTCS AITOPHTME AIS: QITOPHTM KIoHATsHORK

nexumn, CLONALG, B COBOKYIIHOCTH ¢ ATFOPHTMOM HeraTHBHO cenexmiir, NSA[1.2].

Jlaszas paGoTa SBIAETCA NOTONACHHEM HCHOTSIOBAHHS AITOPHTMOE GA.
CLONALG [34] a1% cHETe:a CHCTeM YNpaBieHHS, KoTopse Ha JGHHOM STane
PACCMATPHBAIOTCS B COROKYIIHOCTH € ATFOPHTMOM HeraTHBHOK cenexum, NSA (pHCyHOK
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PA3PABOTKA ITIPOTPAMMHOI'O OBECIIEUEHHSA
PEATH3ATINHA SMART-TEXHO.IOTHH TIOCTPOEHHSA
ICTEMBI VIIPABJTEHUA 17151 TEXHOJTOTHUECKH
TPOIIECCOB HE®TETA30BOI OTPACTIH

omym usGpopMayUOHHYIX U GeUCTUMETsHE mexHonozuil KE MOH PK,
Kasaxcmar

masner
pumsa uckyccmeer
@y onmunansHozo ynpasne MCHRIMI CuCmeMamy Hepmezaz

esyromames  peanusayuu Moouupup

(4IS), an. a ezasosas ompacm,

MoINGUUNPORARKET ATOPHTM HCKYCCTBEHHELY HMMYHHBIX CHCTM.
Moz HIHpOBAHESE ATTOPHTME! VT3 PEIIERHS 34124 CHETE3a ONTHMATHHELX CHCTEM B
HACTOSINee BPeMS JA0T TYINE Pe3YTHTATSL, e TPATHIHOKHEIE METOTS HACTPOHKH
THNOBMX peryastopos. B paGoTe paipacoTAHO UpOrpaMMHOE oGecHedemEe
MOTHYHIMPOBAHEOTO ATIODHTMA, A1% KOTOPOTO HCHOTS3YROTCE M
IpemMyImecTsa Smart-TeXHOTOMHH: HCKYCCTRRHOM M

TOPHTMOB KI0RATSHOH K HETATHBHOM CeTeKIHH, TeKeTHYecKi 1rop
06HeKTa PACCMATPHBAIOTCS TEXHOTOTHYECKHE IPOIIECCH HedTerai0B0 OTPACT

B npoexre 2019r. [1] 65172 pelliesa 32139 CHETE3a ONTHMATHHOTO YIPIBTCHHS
MIMO-CHCTeMs! YIpaBTesiz HpoeccaMs HeTerasonofi OTPACH Ha OCHOBE ATTOPHTMA
toRamsEOM cenexumn, CLONALG [2]. [amumii >Tal BIseTc DpofOT&eHHeM
HCTIOME30BaHI AITOPHTMA KIOHATHOF CeeKIHH HCKYCCTBCHHELX HMMYHHBIX CHCTEN,
K0, B OTTIHE 0T paKee PapAGOTAHHOTO, CHOPMHPOBAH MOAHGHIHPOBIHHEL ATTOPHTN
AIS. MOZQHKAIES KOTOPOrO COCTOHT B TOM, IO 415 (OPMHPOBAHHS HaTaTsHofi
nomyzsmm AIS. To HOQISEMX JRAUCHMA  rYINTOpa, HCHOTB3yeTCS
reseTiraeckuit atropumy. GA. Taike Ha JaHHOM STalie npoekTa atroph CLONALG
PACCMATPHBACTCE B COBOKYIHOCTH C ATFOPHTMOM HeraTHBHof cenexumm, NSA. 110
1038010 PEMIHTS TPOGTIEMY MOHCKA [IOGATHHOTO MIHHMYMA, HCKTIOHE 0KATHHEE
sy (3]

ATOpHTMEL, OGBeAMEOMNE Npem yIecTsa ATopHTMa ALS 1 anropHTMa GA.
SBITOTCS Golee GICTPEIMI H TOTHEMI [0 CPABHEHIE0 C KAAUENM OTZeTsHO: GA HIn
AIS nomxozon [4-7). Marerpamus amopumios GA m AIS. B cooTsercramm c
MEXIHHIMOM HMMYHEOH OOPATHOR CBE. NPHEONHT K COMAHHIO HAZEAHOTO
DEryISTOpa, KOTOpHii B KOHCUHOM HTOTe ONCHHBACTCH C HOMOWSO CICHADHCR
HMHTAIHOHHOTO KOHTPOTH, ACMOHCTPHPYIOWIEX GHCTPYIO PeAKINO, XOPOLYO
POGACTHOCTS H YAORTETROPHTE ThHEIE XAPAKTEPHCTHK HOTABICHHS IOMEX.
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T.W. no paspaGotke Smart — mexnonozuu OnA UHMENNEKMYAABHBIX CUCHIEM YRPAGNEHUA
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punancupoanns KH MOH PK Ne AP05130018 «Pa3paboTka KOrHHTHBHOIT Smart-
TEXHOJIOTHH /LISl HHTEJIEKTYAJIbHBIX CHCTEM YIIPABJICHHS CJI0KHBIMH 00bEeKTAMH Ha
0CHOBE M0/IX0/10B HCKYCCTBEHHOI0 HHTELIEKTa»

[TosyueHHble pe3yIbTaThl PU BBINOAHEHHHU rocoroketHoit HUP:

— Ilomyuens! pe3yabTaThl npuMeHeHHs anropuTMoB SMART-TexHoOnOrHii, B 4acTHOCTH
ANTOPHTMOB ~ MCKYCCTBEHHBIM HMMYHHBIX CHCTEM, JUIA peIIeHHs 3ajay ONTHMAILHOro
YIpPABICHUs CIIOXHBIMM CHCTeMaMu HedTerasoBoil oTpaciu. B 4acTHOCTH, CHHTE3HPOBAHBI
ontumalbHble Pl-perynsTopel Ul MOJCHCTEM CIOXKHOH CHCTEMbI YIPABIEHHs MPOLECCOM
TICPErOHKH  Ta3a 4epe3 JIMCTH/LIAIMOHHYIO KOJNOHHY Ha OCHOBE arOPHTMa KIJIOHATBHOM
cenekunn (CLONALG) uckyccrBeHHBIX HMMYHHBIX cucTeM (AIS). B pesynbrare peainsaunn
[pOLE/lYpbl CHHTE3a ONTHMAJLHOIO YNPABICHHA TOJIyYeHbl KOd(hOHUHEHTb THNOBBIX Pl-
peryJaTopoB  JIByX ~ HM30JIMPOBAHHBIX MOJCHCTEM TpOLEcca TMEperoHKH rasa  4epes
JIMCTHIUIALMOHHYIO KOJIOHHY C 1EJIbIO YIPABJICHHS BHIXOJIHBIMH CHIHAJIAMH: CKOPOCTBIO IOTOK
JKHIKOCTH, CKOPOCTBIO MOTOKA Mapa.

— Peanusosana mponeaypa pasesaspiBaHus (decoupling) MCKYCCTBEHHOH HMMYHHOM
CHCTEMBI JUIs MHOTOMEPHOH MHOTOCBS3HOM CHCTEMBI yIpaBjeHHs IPOLEcca MEPeroHKH rasa
yepes IMCTHILIAIMOHHYIO KOJIOHHY JUIsl PeIIeHHS 3a/laui BIHAHHS B3aHMOCBSI3€.

Hayuuble pesysbrarsl GbUlM BHeIpeHbl B yueOHBI NPOLECC B paMKax AMCLHILIHH
accolMUpoBaHHOTO Tpodeccopa kadeapst AnY, [lnpsesoii O.1.:

— Oaxanaspuata cnenuanbHoctn SB070200—«ABTOMAaTH3aIMs U YIPABICHHE» B PaMKax
JMCUHMILTHHB! « CHCTEMBI ONTHMAJIBHOTO YIIPABIICHHS:

~ MarucTpatyphl cnennanbHoct 6M070200—«ABTOMATH3AIMS H YIIPABICHHE» B paMKax
JMCIHILTHHBL «MHTEIICKTYaIbHbIC CHCTEMBbI YIIPABICHUS»;

— JIOKTOPaHTYphl crenuaibioct 6D070200-«ABTOMATH3ALHS U YIIPABICHHE» B PaMKar
JcHHIHabL «PoGacTHble cHeTeMbl yTpaBiieHus», «COBpeMeHHas TeOPHs! YIIPaBICHHS»;
Q TAKOKE NPH BHINOIHEHHH TUILIOMHBIX paGOT, MArMCTEPCKHX M JOKTOPCKUX AMCCEPTALHH.
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