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FUZZY MODELS FOR AIR QUAITY MONITORING TECHNOLOGY  IN 

AERODROME 

 

Abstract. This article aims to develop a methodology, which can improve the reliability 

of monitoring air pollution results in the aerodrome environment in the case of Almaty airport. In 

order to achieve this goal, the Digital Transformation technology was analytically justified and 

considered. To solve this multidimensional problem effectively in the conditions of the 

aerodrome environment, a number of problems were investigated theoretically and practical 

recommendations were proposed. Furthermore, a vector of atmospheric ingredients which 

pollutes the aerodrome environment was formed which takes into account the natural-climatic 

and geographical features of the Almaty airport. An expert analysis was carried out to find out an 

impact of contaminants to the aerodrome atmospheric environment of Almaty airport. In 

addition, a model of integrated assessment has been developed to analyse the quality of the 

aerodrome habitat per person. Also, a technological solution based on an UAV has been 

developed for a control and measurement process which monitors the air quality. This is carried 

out with the help of monitoring system control operator who specifies a height and radius of an 

aerodrome virtual atmospheric “cylinder”. Also, formal models have been developed with the 

function of statistical characteristics of the parameters of a multi-agent control in order to assess 

and predict the risks of air quality control near an aerodrome environment. Finally, a computer 

experiment was carried out and 3D models of the simulation results were built. 

 

Keywords. Aviation, digital transformation, method, technology, model, fuzzy, 

probability, imitation, air environment.   

 

Introduction. 

In complex organizational and technical ecological systems, there is an active use of 

modern IT technologies, which are implemented on a new ideology in the format of digital 

transformation [3,4]. The digital transformation that replaces digitalization is called the digital 

revolution in all areas of human activity, which will lead to the creation of a huge amount of 

geospatial data. As a result of the analytical activities of specialists in this field, a list of new 

digital technologies was created that integrated digital transformation. This includes: 

“Neurotechnologies and artificial intelligence”; "Distributed registry technologies"; "Quantum 

technologies"; "New production technologies"; "Smart Manufacturing Technologies (Smart 

Manufacturing; "Components of Robotics and Sensors"; "Wireless Communication 

Technologies"; "Technologies of Virtual and Augmented Reality"; "Digital Twin"; "Technical 

SMART Diagnostics" [5]. Currently, it is already widely practiced such digital geosystem 

approaches and technologies as GIS, BIM, etc. BIM is a 3D model of an object associated with 

Big Data, where each element of the 3D model has an individual specification [6,7,8].The 
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feature of this agent is by changing the parameters of any agent  modifies the information 

architecture of the entire object automatically.  

Nowadays, an intelligent technology under the general name "Digital Twin" is gaining 

great practical importance, which, according to Accenture and Dassault Systèmes, will provide 

an economic effect of $ 1.3 trillion and a reduction in CO2 emissions by 7.5 Gt in the next 10 

years. [9,10,11,12,13]. Specialists have a great interest in the development of "digital twins" in 

environmental applications, where two approaches are proposed: technological and conceptual. 

A digital twin in geoecological applications is a digital three-dimensional information image of 

pollution of a certain volume of the real environment.  

These problems, especially for digital transformation technologies, can be smoothed out 

by intellectualizing the system based on formal approaches using stochastic, simulation, agent-

based and fuzzy modeling. It is expected that the BIM method will link the life cycles of industry 

objects with individual digital models and modeling projects and the use of shared data. Such a 

change in the entire digital paradigm will provide huge opportunities for professionals in terms 

of creating and managing industry diversity. The integrating factor in digital transformation is a 

seamless 3D blueprint for managing facilities using internal and external data with the same 

interface. This is an important feature of the business model. With the help of connecting 

fundamental and applied research based on the above technologies, in the sphere of ecology and 

nature management was solved one of the key tasks of air quality management. And this is the 

task of environmental monitoring [14,15,16]. 

 

Materials and methods.  

The system research methodology is a basic method, which is a main integrating 

mechanism of digital control agents. Therefore, the following agents are selected as controllers: 

control, monitoring, mathematical support, information support on the Big Data platform, 

standards. To formalizing the methods of the system approach is used applied tools. In the course 

of computer experiments, software was developed that was used in previous studies. The 

simulation results are presented in 3D format. Statistical data for modeling are used from the 

reporting documents of civil aviation enterprises. F-test Fisher’s and t-test Stoudent’s was used 

for the homogeneity study of statistical material. In order to process results from statistical data, 

it was used software Statistica 10. 

 

Results and discussion. 

The purpose of the proposed work is to develop a methodology for improving the 

reliability of the results of monitoring air pollution in the aerodrome environment. One of the 

main problems in digital monitoring the quality of the atmosphere in the aerodrome space is the 

collection of primary information in real time. Monitoring process information in the form of a 

virtual digital point cloud should be periodically updated with a given time lag. The primary 

sources of information in this system are transducers of physical and chemical processes and 

phenomena. Each point is an information carrier of measurement results, expert substantiated 

parameters of contamination of the aerodrome medium. 

The system for controlling and monitoring the quality of the atmosphere in the aerodrome 

environment is a dynamic multifactorial process. The control process contains procedures: 

measurements, comparison of the measured value with the standard and decision-making. An 

extremely important problem in any control system is the methods of generating standards that 

have a high level of uncertainty due to the statistical nature of the data under study and the 

parametric fuzziness of the control system as a whole. Currently, there are more than a thousand 

approved and current standards for pollutants. The concentration of harmful substances in the 

atmosphere is assessed in two forms - differentiated by each ingredient and integrated by a set of 
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key pollution components. The integral pollution indicator - the atmospheric pollution index is 

divided into three levels: permissible, moderately dangerous, dangerous, extremely dangerous . 

The use of existing standard universal standards in specific urban environmental conditions is 

ineffective and not always applicable. Therefore, an on-line expert study of the pollution of 

aerodrome territories was carried out using examples of large airports in different countries, 

including Almaty, using an electronic questionnaire. The experts were offered a questionnaire 

with a table presented in the following form: K1 - SD; K2 - SO2; K3 - NO; K4 - RXCHO; K5 - 

CXHY; K6 - NO2; K7-SO2; K8-NCN. The final results of the examination are presented in 

Table 1. 

 

Table 1- Results of environmental hazard expert review pollution ingredients of 

aerodromic territories 

 

№
 e

x
p
er

t 

Ki 

Air pollution ingredients 

К1 К2 К3 К4 К5 К6 К7 К8 

E1 12,8 0,10 0,13 0,11 0,1 0,12 0,11 0,09 0,08 

E2 18,4 0,10 0,13 0,07 0,08 0,12 0,11 0,06 0,14 

E3 15,8 0,91 ,11 0,10 0,12 0,08 0,09 0,13 0,11 

E4 15,4 0,07 0,10 0,09 0,09 0,12 0,13 0,08 0,03 

E5 15,2 0,12 0,09 0,07 0,05 0,08 0,13 0,10 0,08 

Weight   0,01 0,08 0,05 0,07 0,06 0,01 0,04 0,07 

Ranks    6 2 7 5 3 1 8 4 

 

For the further development of the integrated air quality criterion in the aerodrome 

environment, expert ranks and weight numerical estimates of pollution ingredients are supposed 

to be used in the relevant formal models as weight coefficients. 

In the technical support section of the environmental monitoring system, in this work, it 

is proposed to use unmanned aerial vehicles (UAVs), which are equipped with sensors for 

measuring pollution ingredients, to collect data on the atmosphere of the airport. The vector of 

contamination data coming from sensors located on the UAV is the result of scanning the surface 

of a virtual three-dimensional volume in the form of a conditional atmospheric cylinder with 

height h and radius R covering the airport territory. The operator of the Center enters parameters, 

cylinder height h and cylinder radius R for Environmental Control, geographically located near 

the airport of Almaty. 

The controlled space is treated as an information array with dimension: 2πR/∆h on the 

h/∆h. It is recommended to use the unmanned complex Geoskan 401 as a control and measuring 

complex based on the aircraft. With the use of this complex, the possibility of volumetric study 

of the aerodrome environment of air pollution is presented due to "step-by-step" 3D scanning 

and study of the studied object along the perimeter and height. At the beginning of the study of 

the object of the air medium, in the form of a cylinder with the specified parameters of radius 

(R), height (h), the initial ("world") coordinate of the three-dimensional study (X0, Y0, Z0) is 

set. The operator specifies height and radius of the tested cylinder. The operating, most popular 

mode of cylinder inspection is carried out on the external surface of the object. The accuracy of 

pollution control is determined by the metrological characteristics of the instrumentation for 

measuring the chemical components of air pollution and the detail of the analysis of the cylinder 

surface with discreteness (∆X, ∆Y, ∆Z), which is set by the operator. The complex makes it 

possible to carry out a volumetric study of a given 3-dimensional object and apply new methods 
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of analysis and interpretation of data, which will ensure the construction of volumetric models of 

air basin pollution at a reliable level. With the advent and use of UAVs, there is a real 

opportunity to study objects in 2D and 3D formats with high speed and the necessary accuracy. 

The proposed mission control system provides the ability to fly at different heights, at different 

speeds with accurate terrain. The software tools attached to the complex provide export of results 

in the format: * .gdb, * .accdb, * .mdb. A software-controlled UAV with a number of sensors (m 

= 8) measures the concentration of contamination in each volume coordinate of the "cylinder" 

(Xi, Yi, Zi), and accumulates this information in on-board computer memory during the research 

session. Upon completion of the session, information is transmitted to the common server of the 

local Environmental Control Center and replenishes the common database, forming Big Data. 

The Control Center performs deep processing of measurement results received from UAV 

sensors. 

Due to the fact that a wide variety of household and professional means of monitoring the 

gas environment are offered on the commercial market, when finally choosing a gadget, special 

attention should be paid to the possibility of controlling nitrogen dioxide (NO2). Because this is a 

highly toxic component in the exhaust gases of aircraft engines. Analysis of market offers in this 

area shows that not all gadgets have the ability to control this component. The widely advertised 

Air Sensor, in addition to conventional CO2 and PM2.5 air quality indicators, can measure 

carbon monoxide (CO), nitrogen dioxide (NO2) and ozone (O3) concentrations. This 

multifunctionality has led to an increased cost of the device. But, along with positive reviews of 

the technical capabilities of this device, there is also negative information. In this article, the 

authors propose a more acceptable option - a micro-portable portable gas analyzer 

GasAlertMicro 5. 

Due to the fact that modeling of atmospheric environment quality monitoring processes is 

carried out in the conditions of parametric fuzziness of environmental management agents and 

statistical uncertainty of monitoring data, the theory of fuzzy sets was chosen as a mathematical 

apparatus for developing an integral indicator of the quality of the aerodrome environment . 

Fuzzy models and algorithms operate with so-called linguistic variables and terms. The linguistic 

variable on the quantitative field is represented by model fuzzy parameters called "thermae." 

Each term on a linguistic field has some "weight" in the environment of a particular linguistic 

variable, which is also determined by the method of expert evaluation. Each linguistic variable 

(contamination ingredient), as shown above, has already been peer-assessed with the assignment 

of "weight." 

Graphic models of fuzzy differentiated assessment of the degree of atmospheric pollution 

by individual hazardous ingredients are shown in Figures 1-8. Then, the graphic format of fuzzy 

modeling will take the following form. 

 

1. K1 - Linguistic variable "K1 - СО"; 

 

 

 

 

 

 

 

 

 

Figure 1 - CO contamination level. 
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K2 - Linguistic variable "K2 - SO2 

 
 
 
 

 

 

 

 

 
 

Figure 2 - CO2 contamination level. 
 

3. K3 - Linguistic variable K3 - NO. 

 

Figure 3 - Contamination level NO 
 

4. K4 - Linguistic variable K4 - RXCHO  

 

Figure 4 - Contamination level RXCHO 
 

5. K5 - Linguistic variable K5 – CxHy 

 

Figure 5 - Contamination level CXHY 
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6. K6 - Linguistic variable K6- NO2  
 

Figure 6 - Contamination level NO2 

 

7. K7 - Linguistic variable K7-SO2 

 

8. K8 - Linguistic variable K8-NCN 

 

In the figures, each ingredient, in accordance with the methodology and theory of fuzzy 
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a percentage into four zones, where each zone corresponds to a certain term with a weighting 

factor: -mal-hazardous; -moderally dangerous; -high-hazardous; ω4 are extremely dangerous. As 
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the functions of belonging to the terms of linguistic variables of modeling, trapezoids are taken 

as the most universal form, which has the following analytical expression. 
 

 
 

where a, b, c, d are trapezoid parameters. 

For further calculations, the weight of the above quantitative and qualitative 

characteristics - linguistic variables and terms - is revealed; their values are presented in Table 2. 

 

Table 2 - Weights of terms 

 

Name 

ingredient 

pollution 

(linguistic variable Yi) 

Weight ling. 

variable (ωi) 

Weights of terms 

 

λ 1 λ 2 λ 3 λ 4 

1. Contamination level СО  0,136 0,094 0,166 0,178 0,270 

2. Contamination level СО2 0,119 

 0,265 0,305 0,135 0,186 

3 Contamination level NO 0.23 0,202 0,252 0,235 0,309 

4. Contamination level RXCHO 

  0,117 0,221 0,272 0,245 0,2609 

5. Contamination level CXHY 

 
0,115 

0,243 0,241 0,286 0,228 

6. Contamination level NO 
0,272 

0,305 

0,119 

 0.239 0,265 

7. Contamination level SO2 0.24 0,096 0,231 0,332 0,339 

8. Contamination level NCN 

  0,109 0,103 0,242 0,328 0,324 

 

The physical value of the pollution ingredient is recorded by sensors and simultaneously 

transformed into a percentage value in relation to the MPC of the ingredient. The percentage 

goes to pre-processing, where fuzzification is carried out, and the fuzzy value of the linguistic 

variable is determined by the formula: 

 

,                                                   (1) 

 

where yi is the current quantitative fuzzy normalized estimate of the i-th pollution 

ingredient (linguistic variable); 

xij - current j-th value of the i-th linguistic variable as a percentage in relation to MPC; 

α ij - alpha-cut of term fuzzy membership. 

ωi - the “weight” of the pollution ingredient. 

For calculations according to formula (1), the quantitative and qualitative characteristics 

of linguistic variables and terms are presented in Table 2. Computational procedures for the 
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preliminary stage of processing control data are carried out by the Arduino Rasberi Pi using a 

software application that implements the neural functionality (Fig. 9). This neural model in the 

current digital control system is implemented as a software module. The resulting integral 

activation function implements expression (1). 
 

 
                хi- fuzzy meaning of a linguistic variable; 

    ωi -  weight of i-th linguistic variable 

 

Figure 9 - Neural model of weighted summation of the results of differentiated fuzzy estimation  

 

A comprehensive assessment of the quality of the controlled air environment Q is 

assessed using big data for different time intervals at the Control Center on the territory of the 

Almaty airport. The aggregate assessment of the quality of the controlled air environment for the 

entire spectrum of pollution ingredients is carried out according to the following formula: 

 

Q = ,                                                                (2) 

 

where yi is the current quantitative fuzzy normalized estimate of the i-th pollution 

ingredient (linguistic variable); 

ωi - the weight of the i-th linguistic variable determined by the expert method. 

Quantitative fuzzy assessment of Q does not give a qualitative representation to the 

decision maker in the established normative verbal form. This task is the last step in the formal 

processing of monitoring data on the ecological state of the controlled area, in this case, the near-

aerodrome habitat. This problem is solved by using the so-called Harrington Desirability Scale. 

Data processing from pollution sensors is technologically carried out in two stages. The 

first step is to record the primary measurement data in absolute form into the onboard UAV 

database, and the second step is to preprocess the data and record the processing results also to 

the onboard database. At the second stage of processing the control and measurement results, the 

statistical homogeneity of the sample elements is assessed according to the Fisher and Student 

criteria. If the homogeneity hypothesis is rejected at a significance level of α=0.05, it is possible 

to re-scan the surface of the ecological 3D cylinder digitally.  

The onboard math is handled by the Arduino UNO and Raspberry Pi, which are used 

functionally in such a way that the Arduino UNO acts as a microcontroller and the Raspberry Pi 

acts as a processor. This connection is dictated by the fact that the Raspberry Pi does not work in 

real time with the OS. Therefore, the Arduino UNO is loaded with this function. This solution 

uses 14 inputs/outputs that are used to connect to the sensors. Connection and transmission of 

information is carried out using a standard two-wire serial bus I2C interface. With Raspberry Pi 

and I2C Communicator can connect with multiple Arduino boards. Information after processing 

by the onboard computer bundle enters the onboard database. After the completion of the UAV 

flight, information from the onboard database is transferred to the central database (BigDate) of 

the "Digital Twin" system. 
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In the Center for Control and Management of the Environmental Environment of the 

Airport, the final phase of processing operational data transmitted from the UAV is being carried 

out. And the key task of this phase is the assessment and forecasting of environmental risks. 

Risks appear in management systems at the stage of control and decision-making. As noted in 

these papers, risks are a necessary consequence of the fact that the measurement process 

technologically and at the formal level operates with uncertainties, both at the parametric level 

and in the data environment. Qualitatively and metrologically, risks are control errors, which are 

commonly interpreted as false and undetected defects. Quantitatively, these errors are estimated 

by the calculated probabilities. In this subject case, Plb is the probability of a false defect and Pnb 

is the probability of an undetected defects. These probabilities are also given a pragmatic 

economic meaning as "work producer" risk and "work consumer" risk. Thus, in the model of 

digital transformation of the air quality monitoring process in the aerodrome environment, a new 

important task is solved - the development of a formal quantitative assessment and prediction of 

risks as a function of the statistical characteristics of the parameters of a multi-agent control and 

measurement system. 

In well-known previous studies, probabilistic models were developed for the example of 

the lower limit of the controlled parameter and for the example of the tolerance limit. For the 

new problem of the upper limit limit, a mathematical model for assessing and predicting risks 

was developed, which has the following form: 

   

                            (3) 

 .                           (4) 

 

In this model approach, an undetected defect is considered to be the case when the 

controlled parameter is outside the acceptable limits, and the control system registers the fact that 

the parameter is within the acceptable limits. And vice versa, when the controlled parameter is 

within acceptable limits, and the control system registers the fact that the parameter is outside the 

acceptable limits. In the proposed version, the hypothesis of the distribution of the controlled 

parameter according to the Weibull law is investigated, and the measurement errors according to 

the Gauss law. A specially developed program was used to conduct a computer experiment. 

Figure 10 shows the result of computer simulation in 3D format. 

 

Figure 10 - Reliability model D% as a function of the ratio of the measurement uncertainty V% 

to the uncertainty of the controlled parameter and the values of the KRSR standard 
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In the case of demonstrating the results of computer modeling in 2D format, it would be 

necessary to produce, using the example of this task, about ten information sections. Qualitative 

analysis of such a set of illustrations in 2D format is limited by human capabilities to draw 

adequate conclusions. In the 3D format, visually the spatial system connection of the statistical 

control parameters and the integral quality indicator of the reliability control is manifested. 

 

Conclusion. 
The purpose of the article is to develop a methodology to improve the reliability of 

monitoring level of air pollution in the near-aerodrome environment in the context of the digital 

transformation of business processes in the aviation industry in the case of the Almaty airport. 

In order to achieve this goal, the methodology of Digital Transformation was analytically 

substantiated and chosen. To solve this complex problem effectively in the conditions of the 

Almaty airport, the following topical problems were theoretically studied and solved: taking into 

account the natural, climatic and geographical features of the Almaty airport, a vector of 

atmospheric ingredients polluting the airfield environment was formed. Also, there was carried 

out an expert analysis of significance for ingredients of air pollution in the atmospheric 

environment of Almaty. In addition there was developed a formal model for the integrated 

assessment to the air quality to near-aerodrome environment. Also, a technological solution 

based on an UAV has been developed for a control and measurement process which monitors the 

air quality. This is carried out with the help of monitoring system control operator who specifies 

a height and radius of an aerodrome virtual atmospheric “cylinder”. In addition, formal models 

have been developed with the function of statistical characteristics of the parameters of a multi-

agent control in order to assess and predict the risks of air quality control near an aerodrome 

environment. Finally, a computer experiment was carried out, 3D models of the simulation 

results were built. 
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АЭРОДРОМДАРДЫҢ АУА САПАСЫН БАҚЫЛАУ ТЕХНОЛОГИЯСЫНА 

АРНАЛҒАН АНЫҚТАЛМАҒАН ҮЛГІЛЕР 

 

Aңдатпа. Бұл мақала Алматы әуежайының мысалында аэродром ортасындағы 

ауаның ластануын бақылау нәтижелерінің сенімділігін арттыра алатын әдістемені 

әзірлеуге бағытталған. Осы мақсатқа жету үшін цифрлық трансформация технологиясы 

аналитикалық негізделді және қарастырылды. Осы көп қырлы мәселені аэродром 

жағдайында тиімді шешу үшін бірқатар мәселелер теориялық тұрғыдан зерттеліп, 

практикалық ұсыныстар ұсынылды. Сонымен қатар, Алматы әуежайының табиғи-

климаттық және географиялық ерекшеліктерін ескере отырып, аэродромның қоршаған 

ортасын ластайтын атмосфералық компоненттердің векторы қалыптастырылды. Алматы 

әуежайының аэродромының атмосфералық ортасына ластаушы заттардың әсеріне 

сараптамалық талдау жүргізілді. Бұдан басқа, бір адамға шаққандағы әуеайлақ ортасының 

сапасын талдау үшін біріктірілген бағалау үлгісі әзірленді. Сондай-ақ ауа сапасын 

бақылайтын бақылау-өлшеу үдерісі үшін ҰҰА негізіндегі технологиялық шешім 

әзірленді. Бұл аэродромның виртуалды атмосфералық «цилиндрінің» биіктігі мен 

радиусын белгілейтін бақылау жүйесінің басқару операторының көмегімен жүзеге 

асырылады. Әуеайлақ маңындағы ауа сапасын бақылау тәуекелдерін бағалау және болжау 

үшін көп агенттік бақылау параметрлерінің статистикалық сипаттамалары функциясы бар 

формальды модельдер де әзірленген. Соңында компьютерлік эксперимент жүргізіліп, 

имитациялық нәтижелердің 3D үлгілері құрастырылды. 
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Түйінді сөздер. Авиация, цифрлық трансформация, әдіс, технология, модель, анық 

еместік, ықтималдық, еліктеу, ауа ортасы. 
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НЕЧЕТКИЕ МОДЕЛИ ДЛЯ ТЕХНОЛОГИИ МОНИТОРИНГА КАЧЕСТВА 

ВОЗДУХА НА АЭРОДРОМЕ 

 

Aннотация. Данная статья направлена на разработку методологии, которая может 

повысить достоверность результатов мониторинга загрязнения атмосферного воздуха в 

аэродромной среде на примере аэропорта Алматы. Для достижения поставленной цели 

была аналитически обоснована и рассмотрена технология Цифровой трансформации. Для 

эффективного решения этой многоаспектной задачи в условиях аэродромной среды был 

теоретически исследован ряд задач и предложены практические рекомендации. Кроме 

того, сформирован вектор атмосферных компонентов, загрязняющих аэродромную среду, 

с учетом природно-климатических и географических особенностей аэропорта Алматы. 

Проведен экспертный анализ влияния загрязняющих веществ на аэродромную 

атмосферную среду аэропорта Алматы. Кроме того, разработана модель комплексной 

оценки для анализа качества среды обитания аэродрома в расчете на одного человека. 

Также разработано технологическое решение на базе БПЛА для контрольно-

измерительного процесса, осуществляющего мониторинг качества воздуха. Это 

осуществляется с помощью оператора управления системой мониторинга, который задает 

высоту и радиус аэродромного виртуального атмосферного «цилиндра». Также 

разработаны формальные модели с функцией статистических характеристик параметров 

многоагентного управления для оценки и прогнозирования рисков контроля качества 

воздуха вблизи аэродромной среды. Наконец, был проведен компьютерный эксперимент и 

построены 3D модели результатов моделирования. 

 

Ключевые слова. Авиация, цифровая трансформация, метод, технология, модель, 

нечеткость, вероятность, имитация, воздушная среда. 
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