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ABSTRACT 

The environmental impact of transport is significant because transport is a significant user of energy, and burns 

most of the world's petroleum. This issue creates air pollution, including nitrous oxides and particulates, and is a 

substantial contributor to global warming through emission of carbon dioxide. This article analyzes the Issue of 

Transport and the Environment, then solves the evaluation problem of the functional state of vehicle drivers based 

on the formation and use of a fuzzy knowledge base. The provided the classification of human functional state 

types. The expediency of using pupillometry as an objective method to analyze the pupillary reaction of a human 

eye to illumination change is pointed out to assess its functional state. The Analysis of the neural network approach 

is carried out to determine the functional state of a person's intoxication. It points out its main drawback associated 

with the impossibility of interpreting the solution obtained using a neural network. To eliminate this drawback and 

improve the efficiency of decision support to assess the functional state of vehicle drivers, it is proposed to use the 

mathematical apparatus of fuzzy neural networks to form fuzzy knowledge bases and provide their use in inference 

mechanisms. In this case, the solution to the problem will be a binary answer ("drunk", "not drunk") with the 

interpretation of the solution obtained in the form of a set of fuzzy rules written in a natural language 

understandable to humans. The tasks are set for the formation of a knowledge base to assess the functional state 

of drivers. The scheme of pupillogram initial data collection is described, as well as the stages of their preparation 

for Analysis. Pupillogram parameters that significantly characterize the pupillary response of a person to 

illumination change were identified by an expert method using the methods of correlation analysis: the minimum 

diameter of the pupil, the diameter of its half constriction, the amplitude of constriction and the time of half 

expansion. The structure of the generated data sample with the volume of 1000 records is described. A knowledge 

base was formed after their Analysis, consisting of 2632 fuzzy production rules. To assess the accuracy of 

determining the functional state of a person based on the knowledge base, a balanced test sample of 400 records 

(200 records of each class of functional state) was compiled. The test results showed that the number of type 1 

errors was 1%, and the number of type 2 errors was 3%. The overall accuracy of determining the functional state 

of a person based on the generated knowledge base was 96%. The generated fuzzy knowledge base can be 

effectively used in decision support systems to assess the functional state of vehicle drivers when they undergo a 

pre-trip medical examination. 
 

Keywords: Environment, Functional state, Transport safety, Knowledge base, Fuzzy production rule, Decision support, Pupillometry, 

Pupillary response. 
 

 

INTRODUCTION 

The issue of transportation and the environment is paradoxical since transportation conveys substantial 

socioeconomic benefits, but at the same time, transportation is impacting environmental systems. Transport is now 

an integral part of the world infrastructure. No type of professional activity is possible without road transport. 
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Transport has become a paramount need for almost every person, so the issue of transport security concerns 

everyone. For safe operation of the vehicle, the driver must be in a normal functional state (F.S.). All types of F.S. 

can be reduced to the following classes (Chernorizov et al. 2016): normal, borderline and pathological. Normal 

F.S. is understood as a state when all physiological systems of a person are in the most favourable state. The 

presence of functional disorders is characteristic for borderline and pathological F.S. For borderline F.S., disorders 

can be "background" for some time and have no effect on a person's performance (fatigue, stress, etc.), and being 

in a pathological F.S.; a person cannot work (severe overwork, intoxication, stress etc.). Strolling and cycling for 

transport have picked up impressive significance in examination and strategy making as of late. Exact examination 

on connects of dynamic travel is expanding at a critical speed. Consideration has spread from an at first very 

overwhelming spotlight on cycling presently additionally to incorporate strolling and coordinated methodologies 

(Gerike  et al. 2019).  The dependability misuse examination of electronic vehicle frameworks was led with the 

thought of electromagnetic obstruction (Siergiejczyk  et al. 2016). 

A huge test in creating and applying a vehicle model for various situations is the need to guarantee that the model 

can evaluate a wide scope of strategy measures. These incorporate for example changes in foundation, expenses 

of various modes, mode accessibility, etc. In addition, the venture situations include metropolitan and interregional 

angles, which require more than one single model (Winkler & Mocanu 2017). The global experience (Europe, 

USA) of the effective usage of electric vehicles in the current «fabric» of a thickly developed metropolitan 

foundation was dissected (Kysil  2017). One of the significant symptoms of a person's functional disorder is the 

deviation of the temporal characteristics during the narrowing or dilation of his pupils, as the reaction to 

illumination changes. This pupillary response is an unconditioned reflex that cannot be controlled by the brain. 

Therefore, the method for determining a person's functional disorder by the pupil is objective. Pupillometry 

approaches are used to detect violations of the vision organs and the nervous system. Pupillometry is the research 

method using the registration of the pupil size and the dynamics of its change (Zheng et al. 2020). For such 

registration, electronic devices are most often used - videopupillographs, which consist of a camera, a light source 

and a computer for diagnostics. Thus, pupillometry is based on the Analysis of pupillograms (Watanabe et al. 

2008) time series of data characterizing the dynamics of pupil size changes, as the result of their unconditional 

response to illumination changes. As a rule, the size of a person's pupil in a state of intoxication is less than usual, 

while the amplitude of his pupillary reaction is reduced. 

The solution to the problem of the functional state determination is relevant in various subject areas, in particular, 

in the field of transport security (Mazhari  &  Ferguson  2018; Varshney & Singh 2020). People in a state of 

alcoholic intoxication often sit down to drive vehicles. This can lead to tragic consequences: the accidents 

accompanied by the injury or death of people. This problem is complex. One of the approaches to its solution is 

the development and application of intelligent systems to assess the functional state of vehicle drivers during the 

pre-trip medical examination procedure (Chibisov et al. 2016; Mousavi et al. 2018). 

So in work (Akhmetvaleev & Katasev 2018), a neural network method was used to assess the functional state of 

an intoxicated person. This method has a significant drawback associated with the fact that the result of the neural 

network is a binary response ("drunk", "not drunk"). The final decision, in this case, is made by a person. Therefore, 

such a result of the neural network is not efficient enough to make a final informed decision. The decision-maker 

needs to understand what criteria the system used to produce a particular result. This problem can be solved by 

forming and using a fuzzy knowledge base to assess the functional state of drivers. In this case, the solution to the 

problem will be a binary answer ("drunk", "not drunk") with the interpretation of the solution obtained in the form 

of a set of fuzzy rules written in a natural language understandable to humans (Katasev 2019). 

To form a knowledge base for assessing the functional state of vehicle drivers, it is necessary to solve the following 

tasks: 

- Collecting and preparing initial data for the formation of the knowledge base; 

- Analyzing the prepared data and form a knowledge base to assess the functional state of drivers; 

- Conducting research to assess the accuracy of a person functional state determination based on the generated 

knowledge base. 

Let us consider the solution of these problems in more detail. 

 

MATERIALS AND METHODS 

The initial data is a set of pupillograms. To collect them, a laboratory stand was used, which consisted of a light 

source, a Full HD camera, a network switch and a computer (Akhmetvaleev & Katasev 2018). To obtain 
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pupillograms, it is necessary to position the tested person in front of the video camera and apply a short-term light 

pulse. Within three seconds, the camera selects, determines and captures the size of the pupils. The data obtained 

is displayed in the form of a pupillogram. 

Each pupillogram can be represented as a time series (Perfilieva et al. 2016): 

P = {(t0, D0),…, (ti, Di),…, (tk, Dk)}, 

where t0 is the initial moment of time, D0 is the initial diameter of the pupil, tk is the final moment of time, Dk is 

the final diameter of the pupil, and ti and Di are the moment of time and the diameter of the pupil in the i-th interval 

of the time series. The resulting pupillograms may contain noise, missing values and deviations in the measurement 

of pupil size. The changes in these parameters by more than 2 pixels will lead to significant changes in 

pupillograms, which will make further Analysis impossible (Watanabe et al. 2008). There are various ways to 

smooth out pupillograms (Agranovich et al. 2014; Smyl 2020). In this work, the method using the wavelet 

transformations (Shleymovich et al. 2018; Ismagilov et al. 2019;  Ji & Shen 2020) is chosen to correct the initial 

data. The processed pupillogram is smoother due to the elimination of noise, anomalies and missing values 

(Lomakin et al. 2019). Thus, on the basis of the obtained pupillograms, it is possible to calculate the values of its 

parameters accurately and form a data table for subsequent intellectual Analysis and the formation of a knowledge 

base. 

The following parameters of pupillograms were identified expertly, which significantly characterize the pupillary 

response of a person to illumination change (Akhmetvaleev, & Katasev 2018): 

- Dmin – minimum pupil diameter (Dmin  min(Di ), i=1..k); 

- Dps – the diameter of half pupil constriction (Dps = (D0 +  Dmin)/2); 

- As – pupil constriction amplitude (As = D0 - Dmin); 

- tpr – the time of half pupil dilation (tpr = ti -  ts | Di = Dps, ti > ts), where ts – the time of pupil constriction 

(ts = ti | Di = Dmin). 

To confirm the assessment of the selected parameter significance, the correlation analysis was performed (Abro et 

al. 2011), the results of which are presented in Table 1. 

 

Table 1. Values of correlation coefficients of pupillogram parameters. 

No. Parameter name Correlation coefficient 

1 Minimum pupil diameter 0,999 

2 The diameter of the half narrowing of the pupil 0,832 

3 Pupil constriction amplitude -0,596 

4 Pupil half time -0,582 

 

The table shows the calculated values of the Pearson correlation coefficients between the input parameters and the 

output result according to the assessment of the person's F.S. ("drunk", "not drunk"). The value of the correlation 

coefficient confirmed the significance of the selected input parameters for the output result. Thus, the data sample 

is formed for Analysis, consisting of the values of four input parameters and one output parameter. The sample 

size was 1000 records, half of which characterize people in a normal functional state ("not drunk"), and the rest of 

the records are the people in a state of intoxication. Of the total amount of data, 60% of the records were randomly 

selected for training and forming the knowledge base, the remaining 40% were selected for testing it and assessing 

the classifying ability. During data selection, the balance of solution classes was controlled both in training and in 

the test samples. Intellectual Analysis of the obtained data was carried out on the basis of a specially developed 

software package that implements the stages of building and training a model of a collective of fuzzy neural 

networks to form fuzzy knowledge bases to assess the state of objects (Chupin et al. 2019). 

 

RESULTS AND DISCUSSION 

After the intellectual Analysis of the obtained data, the knowledge base was formed, consisting of 2632 fuzzy-

production rules (Katasev 2019).  

The rules of the knowledge base consist of four fuzzy conditions and one conclusion that determines the solution 

class. In this case, the numbers 1, 2, 3, 4, 5 in the requirements of the rules coded the names of fuzzy gradations, 

for example, "small", "medium", "large", etc. In the conclusion of the rules, the number "0" means the functional 

state "not drunk", the number "1" - "drunk". The value of the "w" parameter characterizes the weight (significance) 
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of the condition in the rule, and the value of the "C.F." parameter characterizes the reliability (importance) of the 

entire rule. 

For example, the rule written in the first row of the table looks like this: 

If Dmin is “small” (w = 0.497) and Dps is “small” (w = 0.128) and As is “small” (w = 0.282) and tpr is “small” (w = 

0.04) Then Class is “0” (CF = 0,013). 

The rules of this kind can undergo simple linguistic interpretation and help the decision-maker to form a final 

conclusion about the functional state of a particular person. To assess the accuracy of a person, functional state 

determination based on the formed knowledge base, a balanced test sample of 400 records (200 records for each 

class of functional state) was compiled. The results of the accuracy assessment are presented in Table 2. 

 

Table 2. Test data classification results. 

Actual values 
Classified 

0 1 Total 

0 194 6 200 

1 2 198 200 

Total 196 204 400 

 

On the basis of the results obtained, we calculated the errors of the 1st and the 2nd kind, as well as the general 

classification error (Zhang et al. 2017) (Table 3). 

 

Table 3. Classification errors. 

1st kind errors, % 2nd kind errors, % Total error, % 

1 3 4 

 

As can be seen from the table, the number of type 1 errors was 1%, and the number of type 2 errors was 3%. In 

addition, the general classification error on the rules of the knowledge base was 4%, which does not exceed a 5% 

error rate and is a high result in fuzzy modelling systems. Thus, the overall accuracy of a person's functional state 

determination based on the generated knowledge base was 96%. The generated knowledge base can be effectively 

used in decision support systems to assess the functional state of vehicle drivers, for example, during the procedure 

for pre-trip medical examination. 

At the initial stage of the examination, the medical professional assesses the general condition of the driver 

according to the following criteria: 

- the adequacy of behaviour; 

- the presence of lethargy, drowsiness or excitement; 

- acceleration or deceleration of thinking pace; 

- the presence of hyperemia; 

- increased breathing rate; 

- speech disorders. 

Next, a video record of a person's pupillary reaction to the illumination change takes place. After that, the video 

image is analyzed, and a pupillogram is formed. The values of its parameters enter the knowledge base, on the 

basis of which a recommendation is issued to assess the functional state of a person. Based on the data received, 

the medical professional makes a conclusion. If the functional state is normal, then the driver is allowed to drive 

the vehicle; otherwise, he is removed from control. Notably, employing decision support system based on the 

formed knowledge base is an important stage of medical examination in addition to laboratory and other 

instrumental diagnostic methods. 

 

SUMMARY 

As shown in this study, it is advisable to use modern methods of machine learning - fuzzy neural networks to form 

fuzzy knowledge bases and assess the functional state of vehicle drivers. Learning from the initial data of 

pupillometry, such networks form the systems of fuzzy-production decision-making rules that have a good 

linguistic interpretation. This factor is significant for those who make decisions about assessing the functional state 

of a person. The results of the studies and experiments carried out to allow us to conclude that a formed knowledge 

base is a useful tool for assessing the functional state of vehicle drivers. It will enable you to minimize the number 
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of errors in the first and second kind. In addition, the overall classification error does not exceed 4%, which is an 

acceptable result. 

 

CONCLUSIONS 

Thus, the work has solved the problem of assessing the functional state of vehicle drivers based on the formation 

and research of a fuzzy knowledge base. The results of the experiments showed the effectiveness of the proposed 

approach to solve the problem. The formed knowledge base has shown high classification accuracy in terms of 

error reduction of the first and second kind, as well as the general error of the model. This indicates its effectiveness 

and the possibility of practical use as the part of intelligent decision support systems (Dagaeva et al. 2019; 

Alekseev et al. 2020) to assess the functional state of drivers in the field of transport security. 
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 زیست حمل و نقل و محیطرابطه  تحلیلو تشکیل پایگاه دانش برای تجزیه 

 

 یالکس ،2کاتاسهوا روونایمیولاد ناید ،1نیمورتاز چیراتوویآ نوریع ،1*لوفیاسماگ چیسوویادر اسیلیا

 2نوایبار اولگووونا ایآناستاز ،2کاتاسف چیویسرگئ

 

 یه، کازان، روس(ولگا منطقه) کازان فدرال دانشگاه دارایی و اقتصاد مدیریت، موسسه سنجی اقتصاد و اقتصادی تئوری گروه -1

، انکاز ملی تحقیقات فنی دانشگاه اطلاعات، امنیت و ایرایانه هایآوریفن انستیتوی اطلاعات، امنیت هایسیستم گروه -2

 روسیهکازان، 

 (00/06/11: رشیپذ خیتار 11/01/11: افتیدر خی)تار

 چکیده

 شتریب و است یژانر پرمصرف یهابخش از یکی نقل، و حمل بخش رایز است توجه قابل و ریچشمگ اریبس نقل، و حمل یطیمحستیز اثرات 

 در یمهم نقش و شده معلق ذرات و دیاکس تروزین ازجمله هوا یآلودگ بروز موجب مسئله نیا. کندیم مصرف را جهان( نیبنز) سوخت

 پرداخته ستیزطیمح و نقل و حمل یمسئله لیتحل هیتجز به مقاله نیا. کندیم فایا کربن دیاکس ید انتشار قیطر از یجهان شیگرما شیافزا

 یبند طبقه سپس. کندیم حل یفاز دانش گاهیپا از استفاده و لیتشک اساس بر را هینقل لیوسا رانندگان یکارکرد تیوضع یابیارز مسئله و

 به مردم واکنش لیتحل یبرا هدفمند و ینیع روش عنوانبه یسنج مردمک ای یلومتریپاپ از. شودیم ارائه انسان یکارکرد تیوضع انواع

 تیمسموم یارکردک تیوضع نییتع یبرا یعصب یشبکه کردیرو لیتحل. شودیم استفاده کارکرد حالت یابیارز یبرا ،ییروشنا و ینور راتییتغ

 منظورهب. شودیم ارائه یعصب یشبکه با آمده دسته ب حل راه ریتفس امکان عدم به مربوط یاصل منابع مطالعه نیا در. شودیم انجام انسان

 یهاشبکه زا استفاده خودرو، رانندگان یعملکرد و یکارکرد تیوضع یابیارز یبرا یریگ میتصم بانیپشت یبخش اثر بهبود و مانع نیا حذف

 ئله،مس حل راه حالت، نیا در. شودیم شنهادیپ استنباط یهاسمیمکان در هاآن از استفاده و یفاز دانش یهاگاهیپا جادیا یبرا یفاز یعصب

. است انانس یبرا درک قابل یعیطب زبان در شده نوشته یفاز قواعد فرم در آمده دسته ب حل راه ریتفس با( مست ریغ مست،) ییدودو پاسخ

 لوگرامیاپپ یهیاول یهاداده یورآ. طرح جمع شوندیم نییرانندگان تع یعملکرد تیوضع یابیارز منظوربه دانش گاهیپا لیتشک یبرا ف،یوظا

 کی با نور راتییتغ به انسان مردمک پاسخ ییشناسا یبرا لوگرامیپاپ یپارامترها. شودیم فیتوص لیتحل یبرا هاآن یساز آماده مراحل زین و

. ردمکم انبساط زمان و انقباض یبزرگ شده، منقبض مردمک قطر مردمک، حداقل قطر: شدند ییشناسا یهمبستگ لیتحل و یتخصص روش

 یفاز دیتول یقاعده 2602 شامل ل،یتحل از بعد دانش گاهیپا. شودیم فیتوص داده ای رکورد 1000 حجم با شده دیتول یهاداده نمونه ساختار

هر  یرکورد برا 200) رکورد 000 متعادل یشیآزما ینمونه دانش، گاهیپا اساس بر فرد یعملکرد حالت نییتع صحت یابیارز یبرا. است

 حالت نییتع یکل صحتاست.  % 0، 2نوع  یو تعداد خطا % 1، 1نوع  یخطا تعداد که داد نشان شیآزما جینتا. شد یورآ( جمع دسته

 گاهیبود. پا % 16 دانش گاهیپا اساس بر فرد یحالت کارکرد نییتع یاست. صحت کل % 0شده  دیتول دانش گاهیپا اساس بر فرد یکارکرد

 تحت خودروها، رانندگان یعملکرد تیوضع یابیارز یبرا میتصم بانیپشت یهاستمیس در مؤثر طور به توانیم راشده  دیتول یدانش فاز

 .کرد استفاده سفر از قبل یپزشک شیآزما
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