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Abstract  

Existing intelligent systems in passenger transportation are investigated, where the critical task 
is to evaluate passenger flows. Possibilities, accessibility, principles and principles of 
optimising intelligent passenger transportation systems of public transport in Smart City are 
analysed. It is established that the visualization of passenger flows is one of the critical tasks 
of optimizing routes and improving the quality of passenger transportation by public transport 
in Smart City. An intelligent system of visual simulation of passenger traffic is proposed, 
which, based on the neural network operation, allows optimising passenger transportation by 
public transport in Smart City.  
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1. Introduction 

Today, the problem of visual simulation of passenger traffic in the field of public transport in Smart 
City is essential in creating information systems for the development of modern cities. In the context of 
the fourth industrial revolution (Industry 4.0), it is crucial to develop tools and instruments for the 
implementation of a single self-regulatory system, which, in turn, will exchange data when providing 
relevant services. In our case, to provide passenger transportation services in the field of public transport 
in Smart City, which in turn are not sufficiently controlled by modern information systems.  

The central and most important unit in public transport in Smart City is a passenger who needs urban 
or long-distance transportation. Many passengers who use public transport and perform the movements 
themselves with its help form passenger flows. Passenger flows may depend not only on the 
peculiarities of routes but also on specific main points of the largest passenger exchange in the city. 
Passenger traffic is the most critical aspect of creating new transport routes and connections, updating 
or changing existing ones. This problem of research and visualization of passenger flows has not been 
solved, which indicates the relevance of the topic. 

The work aims to improve the quality of passenger transport services in public transport in Smart 
City. The following tasks that need to be solved follow from the set goal, namely: 

1. To study and analyse modern and most well-known approaches, methods, tools and algorithms 
for solving problems of visual simulation of passenger flows. 

2. Conduct a systematic analysis of the research problem; build a tree of goals was to determine 
the quantitative and qualitative criteria for assessing the degree of achievement of the overall 
goal. 
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3. To specify the functioning of the information system of visual simulation of passenger flows 
and build a hierarchy of tasks. 

4. Choose software tools to solve this problem. 
5. Create a description of the software product, develop user instructions, and check the operability 

on a control example. 
The object of the study is passenger traffic in the field of public transport. The subject of the study 

is a visual simulation of passenger traffic in the field of public transport. The scientific novelty of the 
obtained results is given below: 

 For the first time, a neural network with fully connected layers is proposed using an 
optimization algorithm with an adaptive level of Adam learning to predict the flow of passengers 
between stops for a certain period of the day. 
 The composition of detailed data on passenger flows on urban routes has been improved, which, 
in contrast to the existing ones, includes general indicators of the ratio of passenger traffic at a certain 
stop to the current period of the day; 
 Improved simulation model for calculating passenger traffic when changing the number of 
rolling stock on the route, where, in contrast to the known, added forecasting based on the developed 
neural network; 
 The improved the mechanism of visual simulation, which, unlike existing ones, allows you to 
use an actual map and dynamic movement to control the simulation's speed. 
 During the development of the information system, the approach of changing the capacity of 
public transport rolling stock in large cities was further developed, where, unlike the known ones, 
the change of capacity is limited by available vehicles and available staffing; 
 The method of calculating a set of indicators of passenger traffic at stops and races, which, in 
contrast to the existing ones, considers other local phenomena of departure, exit to the route and 
lunch break, has further developed. 
The practical significance of the information system of visual simulation of passenger flows in the 

field of public transport will allow: 
1. Assess and visualize problem areas (races) on city routes. 
2. Establish the main stops with the largest passenger exchange and the nodes with the most 
significant transfers. 
3. Make an effective decision on the need to modernize the city's routes. 
4. Predict changes in passenger flows when making adjustments to current transport routes in the 
city. 

2. Analytical review of literary and other sources 

2.1. Analytical review of reference 

The problem of visual simulation is becoming increasingly important in the context of globalization. 
There is a growing need to build simulation models of the natural world, particularly for passenger 
traffic in the field of public transport. In [1, 2], a dynamic simulation model of passenger traffic 
distribution on transport networks is proposed, taking into account train schedules and delays, public 
transport of large and medium-sized cities, which is the basis for developing an algorithm for visual 
simulation of passenger traffic. Modelling, as a result, the authors of [1] form statistical indicators, 
including the volume of passenger traffic of each vehicle and stops, animated by the software product's 
means. The model proposed in [1] provides a quantitative example to illustrate the developed software. 

It should be noted that the proposed approach [2] to model the actual performance of the solution, 
which focuses on the optimization of the theoretical objective function, contrary to the general 
optimization-simulation relationship, improves the objective function. This way of solving this 
problem, the authors justify the need to find good optimization options based on mathematical models, 
but improvement options lead to a more effective solution. The researchers built a link between the 
optimization of mathematical models and the actual positive effect of improving the objective function. 
To do this, illustrate this approach with numerous examples. The authors of [2] have developed a 



software product that uses its mechanism of visual simulation and allows you to use an actual map and 
dynamic movement on it with the control of the speed of the simulation. 

To improve the organization of passenger service on the route, the authors of [3] proposed to use a 
rational distribution of vehicles taking into account their passenger capacity during the day in which 
the transport is carried out. When using rolling stock with a small number of seats of the transport unit, 
in [3], it is taken into account that the increase in the number of such transport leads to congestion of 
the city transport network and increase excess emissions of harmful gases into the atmosphere. As a 
result of research, measures have also been developed to increase the efficiency of rolling stock to 
improve passenger service. 

The paper [4] forms the basis of a simple theory of motion, which explains the origin and purpose 
of different types of travel in urban areas. The author first used the concept of frequency of travel, place 
of pilgrimage and method of travel. Based on traffic theory, the author made assumptions about the 
usefulness of estimating traffic volumes to assess the need for street models for newly built areas. 

Some articles [5-7] are devoted to developing the methodology of obtaining, storing, and applying 
the results of the analysis of passenger flows to further its use in the planning of passenger traffic. The 
importance of integrating information systems of different types of urban passenger transport is 
considered in creating a secondary unified database of races between adjacent stops, necessary for the 
implementation of an intelligent module for building optimal trajectories of passenger traffic. 

It is essential to emphasize the approach considered in [8] to determine the capacity of higher 
transport areas for departure and arrival of passengers, which considers the magnitude of transit 
passenger flows through higher transport areas. The proposed approach requires a qualitative and 
skilled division of the city into transport areas. It is often complicated to implement due to the large 
size of cities, lack of accurate and objective information about the location of passenger centres, which 
the author calls places of employment and residence, and provides many examples. 

An essential contribution of the authors of [7] is the study of the response of the motor transport 
system to changing passenger traffic, which is operational and forms a redundant set of inefficient 
models. The authors draw attention to the importance of applying the principles of traffic organization 
and highlight an important criterion: the quality of scheduled passenger transport by public transport. 
The main requirement of passengers is to minimize the time spent on one trip. It is proposed to consider 
the consistency of temporary characteristics of routes with places of stops taking into account the 
characteristics of passenger flows to be the key criterion for improving bus transportation. 

As a result of research conducted in [9], scientists have developed an onboard software and hardware 
remote system for tracking public transport passengers, which allows you to record ultrasonic 
rangefinder readings on objects entering and leaving the door frame. 

In [10], the author analyses scientific developments in information support for optimising public 
transport routes in large and huge cities and developed a method of obtaining a matrix of 
correspondence containing all types of urban movements to targets with precision to a specific stop. 
The identified goals and directions can be used to further research information support of optimization 
problems of networks of public passenger transport routes in large and vast cities. 

According to the authors [11, 12], bus transportation efficiency in cities directly depends on a 
number of factors, including the effectiveness of the developed networks of transportation routes in 
large and huge cities. The study, as a result, marketing policies and measures were designed for the 
development of passenger traffic [11]. It was suggested that the use of rolling stock with a small number 
of seats should consider the dependence of increasing such transport, which leads to congestion and 
excess emissions into the atmosphere [12]. 

To predict passenger traffic in [13], the authors used the principle of a smart city to manage public 
transport, which was implemented using long-term memory (LSTM) based on the architecture of 
recurrent neural networks. The proposed hybrid optimized network model allows obtaining additional 
performance improvements by 4-20% compared to non-hybrid models. It indicates the feasibility of 
using the proposed hybrid optimized network LSTM based on Nesterov's accelerated adaptive 
moment estimation (Nadam) and Stochastic gradient algorithm when modelling passenger flows. The 
work [14] is devoted to a detailed review of scientific achievements in the construction of rational route 
networks of passenger transport. The authors of the article [15] consider the peculiarities of urban public 
transport logistics as one and the central node of passenger transportation and consider the existing 
rapid trend of urbanization and motorization. The model of the logistic system of public passenger 



transport is offered in [15]. Its structural components and the principle of their interaction among 
themselves are reflected. Logistic streams and the purposes of their formation are allocated in the 
system. In [16], determining the type of attractiveness function of the passenger movement in the city 
for an unlimited number of options is considered, and the corresponding mathematical model is given. 

The authors [17] conducted a study of passengers' choice of one of the available alternative routes 
from the initial to the final stop or the transfer stop, in case the travel conditions on different routes 
differ. It is essential to highlight the proposed generalized method of designing the route network of 
urban passenger transport. The researchers, as a result, stated in work [18], analysis of the demand for 
bicycle use is offered in a smart city based on machine learning. 

The assessing the quality problem of passenger transport by public transport within the city with a 
different number of vehicles on the route is devoted to the work [19]. The authors analysed the existing 
methods of assessing the quality of urban transport and identified among the criteria quality indicators: 
pedestrian movement, waiting time, travel time and the dynamic coefficient of transport capacity. 

The simulation model is developed in [19] changed the complex quality indicator of public transport 
in the city established a stable dependence of this indicator on the number of vehicles on the route and 
allowed to determine such a rational number of rolling stock that provides maximum efficiency of urban 
transport for the established quality level. 

Some articles [20-28] are devoted to finding methods and ways to assess the quality of transport and 
developing a system of indicators of its effectiveness. The scientific work [29] analyses the legal and 
regulatory framework to determine the quality of passenger services. It identifies factors that affect the 
quality of these services, which outlines methods and ways to improve the quality of public transport. 

The authors [23, 24] study the impact of globalization changes on human capital development and 
cite existing examples of declining global health, particularly the increase in cancer in women, due to 
increasing pollution from vehicle emissions. In scientific research [20, 22, 27], among the quality 
criteria are the following indicators: pedestrian movement, waiting time, travel time, dynamic 
coefficient of vehicle capacity, the minimum possible and actual values of travel time, time of the 
pedestrian component of traffic, number of transfers. 

The paper [28] considers the need to develop specific and appropriate methodologies for assessing 
the quality of services, where special attention is paid to SP methods and discrete modelling of choice 
as a basis for estimating the SQI index. 

Studies [25, 26, 30] outline the impact of transport systems on meeting people's needs by studying 
the behaviour, needs and expectations of passengers during travel, for which several authors [21, 30] 
use the SERVQUAL Model to assess public transport, as well as intercity bus transportation. 

The SERVQUAL model contains five aspects, namely: reliability, confidence, sensitivity, empathy 
and sensitivity, which made it possible to establish a link between passenger satisfaction measures and 
objective measures of efficiency in public transport. 

According to the results of research presented in [22], a stable dependence of complex indicators of 
passenger traffic in cities on the number of vehicles on the route and a structural scheme of quality 
indicators of passenger services, which can be used to transform activities, comprehensive assessment 
of service quality and rating of transport companies. 

Multiple scales called "SERVQUAL" is developed by scientists in [21] to measure consumer 
perception of the quality of transport services in the field of public transport. 

An essential component of public transport is the demand for these services, which is formed to 
provide quality services. The problem is considered from two points of view: the reaction of consumers 
of these services (passengers) and the attitude of employees who provide this service (drivers). 

The authors of [31] consider the possibility of studying the change in the passenger's reaction while 
waiting for vehicles on the route network of urban passenger transport and propose the dependence of 
the description of such a reaction with a given accuracy. 

In particular, the researcher in [32] considers the everyday world of professional drivers of city 
minibuses, which consists of routine practices in the context of labour and socio-economic relations. In 
her previous work [33], the researcher meticulously studies one of the elements of urban life - public 
transport and its users, who spend part of their lives in the vehicle, experiencing physical experience 
associated with the process of general travel. As a result of the research carried out in [34], the 
regularities of change of values of transport work of city passenger transport and an average distance 
of movement of passengers are defined. Also, the matrix dimension of passenger transportations on the 



average length of passengers' movement within the city is calculated. The problem of organizing 
passenger transport by public transport is directly related to the management of the entire transport 
sector, which serves as an element of the social stability of the economic situation in the country. 

The authors of scientific works [35-38] consider the role of public transport in solving the problems 
of modern cities, which are associated with a high level of motorization, congestion of the road network 
and poor environment. As the author of the work [38] points out, this problem has become especially 
acute, with the growth of air pollution due to emissions from the atmosphere and the unjustified increase 
in the public transport number. Providing urban passenger transport services is considered in [39], 
where the author discusses passenger transport, its accessibility, travel safety criteria, the attitude of the 
population to the transport service system and more. Several works [35, 36] are devoted to analysing 
the state and prospects of urban passenger transport. Thus, in [36] a set of measures aimed at improving 
the efficiency of urban passenger transport, an analysis of the dynamics of passenger traffic. The authors 
of the article [36] substantiate the need to increase public transport efficiency and identify a set of 
measures to improve public passenger transport's critical performance. 

The authors of the scientific work [37] study the economic risks of transport companies and the 
features of risk management in the transport sector, highlighting the problems of management decisions 
in conditions of uncertainty and the analysis and evaluation of these risks. 

Based on the research results conducted in [40], a method of developing measures for designing 
newly opened routes and improving the existing organization of transportation to improve the quality 
of passenger service and improve the use of rolling stock, reduce costs, save labour material resources. 

It is worth emphasizing the new application of minimum total public costs per 1 passenger as a 
criterion for optimizing passenger traffic, proposed by the authors [41]. Researchers also suggest a 
structure of total public expenditures, which indicates that the share of the carrier's costs is many times 
less than the share of the expenses in the form of unearned general income. 

Many scientific papers [42-47] highlight optimizing the network of urban passenger transport routes. 
Most of the mentioned authors use three main principles of the system approach: stratification, 
decomposition and targeting to build systems for optimizing the networks of public transport routes. 
The matrix of correspondence occupies a critical place. 

In [45, 48, 49], methods of constructing a matrix of correspondence based on coupons, tables, 
electronic travel documents and with the help of special devices for fixing passengers, algorithms for 
restoring the matrix of equality of passenger traffic and its optimization to reduce total errors in 
passenger traffic distribution. MATLAB. There are two evolutionary methods for deriving the classical 
entropy model for calculating the correspondence matrix. 

The approach to solving multi-criteria motor transport problems is described in [50], which was 
based on zoning on the principle of compliance with the hierarchical ratio of probabilities of possible 
environmental conditions. Researchers also substantiate the method of selecting a single equilibrium in 
the model of the equilibrium distribution of flows by paths when the balance is significant. 

The authors of the research [43] determine the performance indicators of urban passenger transport 
for all participants in the system. In general, the target functions of the problem of optimization of urban 
passenger transport. They also describe the pain of transport routing and give its classical formulation 
and varieties of this problem. In the scientific work [51], the division of a big city into transport districts 
is investigated using correspondence matrices. The technique of distribution of transport loading for a 
big city is presented. The author shares the same opinion in [52], where he conducts a study of the 
division of administrative centres into transport areas by type of building and calculates the volume of 
arrivals and departures of passengers to transport regions by public transport. 

The authors of [53], like most authors in previous articles, devoted their work to finding methods 
for optimizing route networks of urban passenger transport, which revealed the main features of 
optimization of route networks of urban passenger transport in modern science and software in this 
area. A group of authors [44] proposed a new model for optimizing the urban passenger transport 
system, which allows to consider the opposing interests of its participants and adapt the meta-heuristic 
algorithm of ant colonies to the task of designing route networks of public transport. 

As a result of research presented in publications [54, 55], an optimization model for the bus network 
based on the road network was developed, aiming to achieve minimum traffic and maximum passenger 
traffic per unit length, with route length and nonlinear speed. 

It is worth noting the key developments outlined in [46, 56], namely:  



 Construction of a mathematical model for calculating the matrix of labour correspondence 
within the interval concept of modelling the demand for travel to cities,  

 The method of finding intermediate states of the matrix of correspondence and the algorithm for 
calculating possible states [56] suburban services based on passenger capacity for departure and 
arrival of passengers at stops based on data obtained from electronic maps. 

Researchers [57] are most interested in the field of bus passenger transport within the city, so they 
presented in their research a new approach to bus network design, which takes into account the main 
consequences of three of the four stages of the bus planning process. 

The authors of [42, 58] created an optimized algorithm for solving vehicle routing problems, taking 
into account the number of vehicles and their clusters and developed ways to increase the attractiveness 
and eliminate the adverse effects of transport routes in cities. The work [59] is devoted to the definition 
of practical and new ways to stop transport shortcomings. The optimization of the route network and 
rolling stock on routes by vehicle capacity is proposed. 

The methods of forming route networks of urban passenger transport developed in works [54, 60] 
represent results in the selected shortcomings of existing approaches and algorithms of creating a Smart 
city bus route network. The proposed optimization model for bus network design is based on the ant 
colony algorithm called CPACA (Coarse-grain Parallel Ant Colony Algorithm), aiming to maximize 
the number of direct passengers per unit length, i.e. the natural density of passenger traffic. 

2.2. Analysis of existing software products 

Opportunities for visualization of passenger flows in public transport in Smart City are provided by 
A + C Ukraine. As well as available three-month visualization of data on the sale of electronic tickets 
in the city of Zhytomyr on the website http://texty.org.ua/ A + C Ukraine does not disclose its methods 
and concentrates on individual cities or routes, does not support international standards for the 
presentation of courses, and prefers to develop solutions in each unique situation. The company is more 
focused on organizing information collection than on the visual simulation of passenger traffic. The 
only example of this work presented by this company in the public domain is shown in Fig. 1. 

 

 
Figure 1: A + C Ukraine software product 

 
Visualization of data from the electronic ticket on the site http://texty.org.ua/ has not updated since 

January 2019. Currently, the site provides visualization of passenger traffic only for three months. It is 
worth noting that the data collected from the e-ticket is already partially distorted, as not all passengers 
buy a ticket immediately after entering the vehicle for various reasons. In addition, not all passengers, 
in general, buy a ticket. This system does not use data on actual passenger flows. Still, it provides only 



a generalized schematic picture of paid tickets, not considering the current traffic load at the race. A 
screenshot of the site with the collected data for a given period is shown in Fig. 2. 

Similar to the designed system are two products developed and presented by PTV Group, namely 
PTV Visum and PTV Vissim. One of these products is PTV Visum, created as software for traffic 
planning to design and plan transport routes to expand cities' capabilities. Another - PTV Vissim is 
designed according to modern requirements and is flexible software for modelling traffic in the city. 

 

 
Figure 2: Website texty.org.ua 

 
These software products have been on the market for over 40 years and have accumulated almost 

all known today methods of research and solution to transport problems of large cities. However, these 
software products have several disadvantages compared to the designed software: the programs do not 
have the Ukrainian language; there is no Ukrainian translation on the company's website. 

As this product has become widespread and is used in more than 2.5 thousand cities worldwide, its 
price is indecently high. The estimated cost of access to the software product, research, optimization, 
which must be further studied and carried out by yourself, is almost 2 million UAH per 100 km of the 
transport network. To compare the scale, the usual trolleybus route in Lviv is 12 km. Therefore, 
although it provides very great opportunities, this program offers very significant opportunities. Still, 
for their implementation, you need to have a large amount of money and further learn from their books 
how, in general, to use this program. An example of the program interface is shown in Fig. 3. 

 

 
Figure 3: PTV Visum software product 

 



It is the complete opposite of the philosophy implemented in the project of this work, namely, in a 
simple and intuitive interface. A comprehensive comparative analysis of similar products is given in 
Table 1. 

 
Table 1 

Comparative analysis of analogues present on the market 

Features A + C Ukraine texty.org.ua PTV Visum 

Price It is determined personally 

for each problem 

Free ~UAH 2 million for 100 km 

Language Ukrainian Ukrainian Ukrainian is missing 

Demo version None None 30 days with personal 

approval from the company 

Product type The company will do all 

the work for you 

Website Desktop program 

Availability of 

documentation 

None None Paid books 

Number of cities 11 1 2500 

Relevance of 

information 

Carried out at your 

request 

The latest data 

for January 2019 

Constant 

Type of 

visualization 

3D 2D 2D and 3D 

Use of neural 

networks 

Unknown None None 

Executor of work Company Not supported Product user 

 

Thus, improving the quality of passenger transport is directly related to passenger traffic in the field 
of public transportation in Smart City, namely their evaluation and analysis and, as a consequence, 
visual simulation. Currently, the problem is little studied among available information systems. Based 
on the comparison given above, it can be understood that some products are either costly and provide 
excellent opportunities for data processing and integration from different sources [61-76], but at the 
same time are incomprehensible to the user and require a lot of effort to study the documentation. Other 
products are only companies that provide passenger traffic research services, i.e. the user does not need 
to do anything, but at the same time, it costs a lot of money. Alternatively, completely free in the third 
case, but which cannot be used because they are designed purely for one city and one type of data. In 
addition, just provide a general understanding of the site, and this information is relevant for January 
2019. Given the current needs in the study and visual simulation of passenger traffic, this area requires 
new approaches to solving, which determines the relevance of the task. 

3. System analysis of the research object  

3.1. Analysis of existing software products 

The object of study of this work is passenger flows in public transport in Smart City. The general 
purpose of its operation was formed to comprehensively outline the essence of the system under 
investigation, namely: "Carry out a visual simulation of passenger traffic on public transport routes." 
The tree of goals with the primary goal, aspects of the system's main goal, and quality criteria for the 
system's functioning are shown in Fig. 4. Characteristics of the main goal include "Construction of 
dynamic and static simulation models of routes" and "Application of mathematical models". Each 
element has its criteria for the quality of the system. The first aspect includes the following criteria: 
Support for the GTFS standard, Integration with Excel spreadsheets, and Intuitive interface 
intelligibility. The second aspect is met by the following criteria: "Opportunity for self-study" and 
"Implementation of forecasting". For the designed system, three alternative options for its construction 
have identified, namely: "Intelligent System", "Search Information System" and "Reference 



Information System". Using the method of analytical hierarchy, using the tree of goals and many 
alternatives, the selection of the best option for building the designed system is given below. 

 

 
Figure 4: Objectives tree 

 
For the implementation of this system method, the general goal is defined: "Choose the type of 

system for design", which also sets two factors: "Interaction with data" (F1) and "Working with models" 
(F2). The first factor includes the following criteria: "Support for the GTFS standard" (K1), "Integration 
with Excel spreadsheets" (K2) and "Intuitive interface intelligibility" (K3). The second criterion is the 
following criteria: "Opportunity for self-learning" (K4) and "Forecasting" (K5). The following 
alternative system construction options are generated: "Intelligent system" (A1), "Search information 
system" (A2) and "Reference information system" (A3). Fig. 5 shows a graphical representation of a 
hierarchical system of factors, criteria and alternatives. 

 

 
Figure 5: Hierarchy of criteria and alternatives of system types 

 
Now the task is to find the best alternative to the type of designed system among the set of 

alternatives A1-A3. 



Matrices of pairwise comparisons using the method of pairwise comparisons of elements of the 
hierarchy are constructed. These matrices indicate the influence of each of the criteria on the optimal 
choice of the designed system type. For each matrix, the eigenvalue of the matrix max is calculated 
according to formulas (1), (2) and the eigenvalue of priorities. 

𝑚𝑎𝑥 = 𝑅1∑𝑊𝑖1𝑛
𝑖=1 + 𝑅2∑𝑊𝑖2 +⋯+𝑅𝑖∑𝑊𝑖𝑛𝑛

𝑖=1
𝑛
𝑖=1  (1) 

𝑅 = √∏𝑊𝑖𝑗𝑛
𝑗=1

𝑛 × (∑ √∏𝑊𝑖𝑗𝑛
𝑗=1

𝑛𝑛
𝑖=1 )−1 (2) 

The matrix M1, which is given in Table 2, indicates that F2 has the most significant influence. For 
each factor, the own matrix of the impact of criteria on this factor is constructed in Table 3, Table 4. 
Matrices of pairwise comparisons of alternatives are given in Table 5 – Table 9. 
 
Table 2 

Matrix M1 

M1 F1 F2 W1 

F1 1 1/2 0.447 

F2 2 1 0.894 

max = 2.0 

 

Table 3 

Matrix M2 

M2 K1 K2 K3 W2 

K1 1 2 1 0.667 

K2 1/2 1 1/2 0.333 

K3 1 2 1 0.667 

max = 3.0 

 

Table 4 

Matrix M3 

M3 K4 K5 W3 

K4 1 2 0.894 

K5 1/2 1 0.447 

max = 2.0 

 
Table 5 

Matrix K1 

K1 A1 A2 A3 W4 

A1 1 2 4 0.900 

A2 1/2 1 2 0.600 

A3 1/4 1/2 1 0.300 

max = 3.0 

 
Table 6 

Matrix K2 

K2 A1 A2 A3 W5 

A1 1 2 1 0.667 

A2 1/2 1 1/2 0.333 



A3 1 2 1 0.667 

max = 3.0 

 
Table 7 

Matrix K3 

K3 A1 A2 A3 W6 

A1 1 4 3 0.788 

A2 1/4 1 3 0.491 

A3 1/3 1/3 1 0.245 

max = 3.21 

 
Table 8 

Matrix K4 

K4 A1 A2 A3 W7 

A1 1 5 5 0.574 

A2 1/5 1 1 0.115 

A3 1/5 1 1 0.115 

max = 3.0 

 
Table 9 

Matrix K5 

K5 A1 A2 A3 W8 

A1 1 2 2 0.788 

A2 1/2 1 2 0.491 

A3 1/2 1/2 1 0.245 

max = 3.05 

 
Similarly, the priority vector of alternatives to hierarchical factors was determined, namely the 

priority vector to F1(𝑊𝐹1𝐴 ) according to the formula (3). 𝑊𝐹1𝐴 = [𝑊4,𝑊5,𝑊6] ×𝑊2 (3) 
According to formula (3), the values of the priority vector are calculated 𝑊𝐹1𝐴 . 𝑊𝐹1𝐴 = [0,9 0,667 0,7880,6 0,333 0,4910,3 0,667 0,245] × [0,6670,3330,667] = [1,3480,8380,585]. 
Priority vector relative to F1 (𝑊𝐹2𝐴 ) according to the formula (4). 𝑊𝐹2𝐴 = [𝑊7,𝑊8] ×𝑊3 (4) 
According to formula (4), the values of the priority vector are calculated 𝑊𝐹2𝐴 . 𝑊𝐹2𝐴 = [0,574 0,7880,115 0,4910,115 0,245] × [0.8940.447] = [0,8650,3220,212]. 
Priority vector relative to the focus of the hierarchy (𝑊Ф𝐴) is calculated by (5). 𝑊Ф𝐴 = [𝑊𝐹1𝐴 ,𝑊𝐹2𝐴 ] ×𝑊1 (5) 
According to formula (5), the values of the priority vector are calculated 𝑊Ф𝐴. 𝑊Ф𝐴 = [1,348 0,8650,838 0,3220,585 0,212] × [0.4470.894] = [1,3750,6620,451]. 
The resulting vectors of priorities of alternatives for the considered hierarchy and its values are given 

in Table 10. Therefore, as shown in Table 10, the best option for building the designed system was the 
alternative A1 "Intelligent System". 

 



Table 10 

Values of the priority vector 

Alternative The value of the vector element Priority 

А1 – Intelligent system 1,375 1 

A2 - Search information system 0,662 2 

A3 - Reference information system 0,451 3 

 

3.2. Concretization of system functioning 

It is detailed the structure of the information system using the structural methodology and its specific 
implementation in the form of functional diagrams IDEF0. The context diagram showing the system's 
primary process (function) is shown in Fig. 6. By decomposition, a hierarchy of methods (parts) of 
lower levels is constructed, shown in Fig. 7 - Fig. 11.  

 

 
Figure 6: Context diagram 

 

 
Figure 7: Decomposition of context diagrams 

 



The disintegration of the context diagram is shown in Fig. 7. This decomposition consists of 4 
functional blocks: "GTFS data processing", "Route data generation", "Passenger traffic data 
generation", and "Neural network passenger traffic forecasting" by Machine Learning technology base 
on Based on Neural Network Approach [77-85]. Between these blocks, information is transmitted 
between outputs and inputs, and process control takes place. The decomposition of the functional unit 
"GTFS data processing" is shown in Fig. 8. This available diagram consists of more refined processes: 
"Downloading GTFS data" and "Filling GTFS with database data". 

 

 
Figure 8: Decomposition of the functional unit "GTFS data processing" 

 
Decomposition was carried out and the following process called "Formation of route data", which 

is shown in Fig. 9. The pollution consists of the subsequent four blocks: "Download Google Maps", 
"Accelerate data loading", "Create an Excel file to fill", and "Create an additional vehicle file". 

 

 
Figure 9: Decomposition of the block "Formation of route data" 

 
The following functional unit for which the decomposition is successfully carried out is "Formation 

of data on passenger flows". This decomposition consists of the following processes: "Formation of the 



schedule with passenger flows", "Creation of hourly passenger flows", and "Creation of the schedule 
of transport stops". This functional diagram is shown in Fig. 10. The last available block, over which 
the decomposition is carried out, is "Forecasting passenger traffic by a neural network". In turn, the 
disintegration of this block consists of three processes, namely: "Neural network learning", "Neural 
network preservation" and "Calculation of new passenger flows" by Objective Clustering Inductive 
Technology and Bayesian methods [86-91]. This functional diagram is shown in Fig. 11. 

 

 
Figure 10: Decomposition of the block "Formation of data on passenger traffic" 

 

 
Figure 11: Decomposition "Forecasting passenger traffic by neural network" 

 
For this information system, further concretization is performed using Workflow (IDEF3) diagrams. 

All IDEF3 diagrams are shown in Fig. 12-Fig. 23. The specification of the process "Download GTFS 
data" is presented in Fig. 12. This diagram consists of the "Download validation" block, two parallel to 
the "Download progressive update" and "Save files" blocks, and the last "File integrity check" block, 
where you check whether all bits of the file are correctly transferred and stored on user disk. 



 
Figure 12: Decomposition of the GTFS Data Scanning unit 

 
Next, for a more detailed specification of the processes, the decomposition of the block "Filling 

GTFS with database data" is performed, which is shown in Fig. 13.  
 

 
Figure 13: Decomposition of the block "Filling GTFS with database data" 

 
The diagram consists of the process "Checking the existence of a GTFS database", performing one 

of two processes, or "Creating a new GTFS database", or "Cleaning an existing GTFS database". The 
process «Creating tables in the database «and» Filling GTFS tables with data follows this. The process 
of "Downloading Google Maps" consists of the process of "Checking the availability of maps", after 
which you will immediately go to the process of "Checking the integrity of maps" or to "Create a 
hierarchy for storage". After that, two parallel processes "Update the map download progressive" and 
"Save maps" will be launched, where after the completion of these two processes there will be a 
transition to the process "Check the integrity of maps", which was mentioned above. This IDEF3 
diagram is shown in Fig. 14. During the decomposition of the "Map Download Acceleration" block, 
the following three processes are defined, which are performed sequentially: "Preparation of GTFS 
data", "Generation of data on the selected route" and "Determination of the schedule for the route". This 
diagram is shown below in Fig.15. To decompose the process "Creating an Excel file to fill" used two 



processes: "Creating an Excel file template" and "Filling Excel file data", which are presented in Fig. 
16. If we talk about the decomposition of the block "Creating a file of an additional vehicle", then there 
is also a division into two processes, namely: "Creating a file" and "Filling the file template according 
to the rules." This decomposition is presented in the diagram shown in Fig. 17. To perform the 
decomposition of the process "Formation of the schedule with passenger flows", which is shown in Fig. 
18, three concretizing processes are defined: "Creating a stop schedule", "Filling the stop schedule" and 
"Checking the correctness of the completed schedule". Regarding the process of "Creating hourly 
passenger traffic", it can divided into the process of "Generation of schedule data for passenger traffic", 
after which two processes take place in parallel: "Determining the size of the dataset" and "Calculating 
passenger traffic". 

 

 
Figure 14: Google Maps Download Decomposition 

 

 
Figure 15: Decomposition of the "Accelerate map loading" block 

 



 
Figure 16: Decomposition of the block "Creating an Excel file to fill" 

 

 
Figure 17: Decomposition "Creation of an additional vehicle file" 

 

 
Figure 18: Decomposition of the block "Formation of the schedule with passenger flows" 

 
Successful completion of these two parallel tasks allows you to start the process of "Determining 

the type of visual simulation", followed by the block "Starting a visual simulation". More detailed 
decomposition of the above-mentioned functional block is shown in Fig. 19. The following function 
block, "Creating a schedule of transport stops", was successfully refined using the processes: "Data 
generation for visual simulation", "Reading the type of visual simulation", "Overlay map", and "Start 
visual simulation on the map", the general view of which is shown in Fig. 20. The process of "Learning 
the neural network", on which the decomposition was performed, is shown in Fig. 21. 



 

 
Figure 19: Decomposition of the block "Creation of hourly passenger flows" 

 

 
Figure 20: Decomposition of the block "Creating a schedule of transport stops" 

 
This decomposition consists of three methods: "Determining the size of the neural network", 

"Creating a neural network model", and "Neural network learning process". The function Save block 
neural network starts with the process "Check the presence of a saved neural network", after which 
either the block "Delete the file of the previous neural network" will be executed, or there will be a 
transition to the union "Save neural network to file". The complete decomposition of this process is 
presented in Fig. 22. 



 
Figure 21: Decomposition of the Neural Network Learning block 

 

 
Figure 22: Decomposition of the block "Saving the neural network" 

 

 
Figure 23: Decomposition of the block "Calculation of new passenger flows" 

 
The last functional block that needed refinement and decomposition was "Calculation of new 

passenger flows". This process is successfully divided into several more detailed ones, the first of which 
is the process of "Data validation", followed by the parallelization of the following two processes "Read 



neural network" and "Read additional schedule". As soon as these two processes are performed, the 
parallelism ends. There is a transition to the process of "Forecasting new passenger flows". Then there 
is a transition to the last block ", Start visual simulation of new passenger flows schematically", which 
completes this decomposition. An example of the above pollution is shown in Fig. 23. 

3.3. Building a hierarchy of processes (functions, tasks) 

Due to the use of specialized software for the structural design of information systems All Fusion 
Process Modeller, a prototype of such a structure is generated. The structure of the developed system 
is presented in the form of a hierarchy of tasks of different levels. Since one of the most common is a 
tree-like structure, its simplicity for analysis and implementation is used. This structure identifies 
hierarchical levels and groups of elements at the same distance, which, in turn, have the same number 
of edges to connect from the central part (tree root) to the current element. In general, hierarchical 
representation is prevalent and is also used for other purposes. The task tree is shown in Fig. 24. 

 

 
Figure 24: Task tree 

 
Thus, thanks to the systematic analysis of the developed project, a tree of goals are built and 

described, which all aspects and criteria lists for achieving the overall plan. The type of the designed 
system, with the help of MAI, was determined from a set of alternatives. With specialized software, a 
hierarchy of tasks in the form of a tree is created.  

4. Software for solving the problem 

4.1. Selection and justification of means of solving the problem 

The Python programming language is a high-level object-oriented language that allows you to use 
classes and their objects to build the structure of the software being developed. This language is 
interpreted, not compiled, which enables you to execute code "on the fly". The advantages of Python 
development include, first of all, pure syntax, which uses indents to separate blocks of code. Secondly, 
the portability of code allows you to use ready-made modules and add or correct them yourself. All this 
will always contribute to the successful use of this language in development; moreover, the ability to 
supplement modules is an essential point at the design stage of the system. 

One of the essential technical characteristics is the presence of a standard distribution, which has 
many built-in functional modules for the developed product. Among those shown in Fig. 25 modules 
for data storage in the software product used: pickle, shelve and sqlite3. 

 



 
Figure 25: Built-in modules for data storage 

 
However, one built-in module had to be abandoned and replaced with a more efficient one, namely 

this replacement for the Tkinter module. However, the existing built-in tools of the Python language 
provided all mathematical operations, calculations and data processing, as all these tools are best suited 
to the formulated tasks for this developed system. It is worth noting that from a technical point of view, 
the presence of a built-in module for working with SQLite influenced the choice of this language. The 
sqlite3 module is included in the list of standard modules that come immediately with the Python 
distribution package, which is shown in Fig. 25. The TensorFlow module, an essential module for 
machine learning, greatly influenced the choice of this Python programming language. It is worth noting 
that if adequately installed software on the user's computer, you can use a graphics processor, rather 
than the usual processor for learning the neural network, which can, depending on the power of the 
graphics chip to speed up learning the neural network by 20 - 50%. This is confirmed by Fig. 26 extract 
from the documentation of the TensorFlow module. 

 

 
Figure 26: Ability to use a video card for training 

4.2. Technical characteristics of selected software development tools 

The Python programming language version 3.7 is chosen as the basis for developing this software 
product, despite the current existence of a newer version (Python 3.8). This choice was also due to a 
specific additional factor, namely the support in the modules used in the current version of Python. 
These modules are necessary for the correct and correct solution of the task. Still, because third-party 
developers support these modules, the developer has not yet moved the modules to a new version due 
to technical problems with additional features provided in version 3.8. Fig. 27 shows a screenshot from 
the documentation of the TensorFlow module, which states that the maximum allowable version for 
correct operation is only Python 3.7. 

 
Figure 27: Support for TensorFlow versions of Python 

 



Python is a common, high-level object-oriented language that is not compiled but interpreted, but at 
the same time, contains strict dynamic typing. One of the most important features is that Python supports 
both module packages and individual modules, which facilitates faster software development and the 
use of ready-made pieces of code created by other developers. It is also possible to do your modules for 
reusing code in different parts of the developed software product. 

It is worth noting that the Python programming language is considered one of the most optimal and 
best languages for statistical analysis, research, and evaluation of various data sets, data processing and 
visualization. It allows solving the main task of the developed project: conducting a visual simulation 
of data on passenger traffic in public transport in Smart City. 

Another important reason for rejecting other high-level programming languages was the high cost 
of time due to the writing of many templates and the required pieces of default code, which do not 
depend on the type of project. In turn, Python allows you to easily and quickly write the system's basic 
functionality without losing much productivity. 

All the above features of this programming language and led to its choice compared to other 
languages valuable on the market, such as C # or Java. To fully understand the advantages and 
disadvantages of the Python programming language are summarized in Table 11. 

 
Table 11 

Advantages and disadvantages of Python 

Advantages Disadvantages 

A large number of libraries (modules) Speed limitations 

Ability to expand Weak in mobile applications and browsers 

Increased productivity Memory efficiency is not always efficient 

Object-oriented Limitations in architecture 

Interpretability More likely bugs 

 

A specific module is used for each critical standard action, which is integrated into the developed 
product. These are the so-called aids used in the project to build the correct structure of the decision-
making mechanism and the product's correct operation. Starting with the primary representation of the 
data encountered by the user, namely the main interface of the program, its development should be done 
using the PyQt module, which is currently available in version 5. In turn, this module is a shell for the 
well-known Qt library, only written in Python programming. PyQt's competitor is a built-in module 
called Tkinter. Tkinter is also a graphical interface library developed based on the Tk tool, which is 
widespread in GNU / Linux and other UNIX-like systems. Under Windows, there is only a ported 
version, which, of course, is not as high quality as the original. In general, the choice towards PyQt was 
evident from considering the functionality of the two modules. First, PyQt has a more extensive set of 
possibilities for building graphical interfaces. It has a more significant number of so-called layouts 
needed to make the window's structure with the correct placement of elements in it. The most crucial 
choice for PyQt was that it supports stream parallelization, is parallel data loading, or reformatting and 
updating the progress bar. This module supports its built-in way of downloading data over the Internet, 
which is essential in our case because the developed software product just updates GTFS data by 
downloading from the server. Not all the above functions are presented in the Tkinter module, so it was 
not selected to implement this software. The generalized comparison of the listed modules for creating 
the interface of a software product is presented in Table 12. 

 
Table 12 

Comparative characteristics of interface modules 

Characteristics of modules PyQt Tkinter 

Availability of widgets Widgets are present None 

GUI for creating interfaces Present (Qt Designer) None 

Type of interfaces Modern Outdated 

Flexible programming Available signals and slots None 

Built-in module None Yes 



API Available difficult Available simple 

Documentation Requires great skills Easy to learn 

Price Paid for commercial use Free 

 

The input information received by the program is provided in GTFS format. The standard structure 
is shown in Fig. 28, where an additional example of filling in the list of routes is given. Special tools 
must use to interpret the data in this format correctly. The choice here was not great because there is 
only one module on the market that fully meets the needs. Other software codes and modules were 
freely available and could not provide the required functionality. However, they were so incompatible 
for use in the developed software product that the choice of this software module was evident and 
unambiguous. 

 

 
Figure 28: GTFS data format 

 
Therefore, this software product works with transport data in GTFS format, so the pygtfs module is 

used to process this type. Although there was no choice, unfortunately, this module was not perfect. It 
did not entirely fit the program's needs, so part of this module is modified and supplemented with the 
necessary code for close and correct interaction of the developed software. The structure of this module 
is schematically shown in Fig. 29, which specifies the roles of each part and modifications that are 
necessary for the correct operation of the developed software product. Another way to present 
information for this software product is Excel spreadsheets, which are chosen because of their 
uniformity and everyday use worldwide. For the program to work, it is necessary to provide data on 
passenger traffic at each stop on a particular route during the day. There are several ways to collect this 
data: manually counting and recording by the appropriate people who will be at the stop or receiving 
this data from automated sensors located in the vehicle's doorways. In each case, the most obvious is 
presenting the results in the form of a table, which allows both to fill in this data manually and import 
it from third-party programs that control automated sensors in transport.  

Two additional modules are used to work with Excel files: xlwt - for writing and xlrd - for reading. 
The recording module is necessary because the program creates a template for easy filling of passenger 
traffic data at stops in Excel spreadsheet format. After that, it reads the entered and filled in data for 
further processing and visual simulation. Fig. 30 shows the block diagram of the execution of the part 
of the software product, which uses the above modules to work with Excel files. 

Now, regarding the ways of presenting the data used in work, the pygame module is used to 
implement the basic process of visual simulation, which is in the map mode and the schematic mode. 

The module itself is designed to develop and create games and includes a large set of libraries for 
working with computer graphics. One of the most critical nuances was that pygame does not require 
OpenGL. It led to a choice between pygame and pyglet. Still, the choice was obvious because, as 
indicated in the specifications of these modules, pyglet is better used for 3D visualizations and pygame 
for 2D. Since this software product is designed for 2D visualization, the choice was made in favour of 
the pygame module. The complete list of advantages and disadvantages of these modules is given in 
Table. 13. 



 
Figure 29: The structure of the pygtfs module with its modification 

 

 
Figure 30: Block diagram for xlwt and xlrd modules 

 
Table 13 

Comparison of modules for graphical data visualization 

pygame Piglet 

Advantages 

Support 2D Support 3D 

Simple syntax Cross-platform 

Ease of understanding Written in pure python 

Good layering system Versatility 

Based on SDL library  

Designed to create games  

Powerful set of tools  

Disadvantages 

Slow at high load Small community and popularity 

Weak 3D support Slow in 2D 

Does not support TMX cards Not designed to create games 



So pyglet is developed more for 3D projects. It has OpenGL support. As you know, OpenGL creates 
more problems than it can solve. Suppose you look more at the development of this particular software 
(rather than general statements). In that case, OpenGL is not necessary at all and would only increase 
the needs of the hardware component of computers to run the program. All the basic graphical 
primitives used to create visualizations and simulations are present in sufficient numbers and without 
OpenGL. Therefore, based on all the development needs, the pygame module is chosen. Since the 
developed program predicts changes in passenger traffic when adding a new vehicle, a neural network 
is used for this prediction. The neural network is built and implemented using one of the best and most 
famous modules, which is TensorFlow. TensorFlow is an available machine learning software module 
developed by Google. Initially, this module was created to meet the company's needs in neural network 
development and then was released under an open license for general use. The block diagram shows 
the use of a neural network, which is created based on this module, as shown in Fig. 31. 

 

 
Figure 31: Block diagram of the neural network of the TensorFlow module 

 
Compared to other modules, TensorFlow is the absolute leader because there is simply nothing better 

than this module. It is the de facto machine-learning standard for the Python programming language. 
Of course, due to significant functionality, there are disadvantages: the module, due to its large size, 
requires substantial hardware resources. The program uses its optimized part only to perform a specific 
task of forecasting changes in passenger traffic. Another downside is that this module does not allow 
you to use the latest version of the Python programming language because the latest stable version of 
the module is released only for Python 3.7. It is necessary to return to the arguments for choosing this 
language, turning the databases used description. Another critical factor that influenced the decision to 
select the Python programming language is a built-in module for using the SQLite database in this 
language. It is the most flexible in the setup and can easily be modified for specific problems in this 
software product (Table 14). It is also the most "light" compared to the already "heavy" TensorFlow 
module. Corresponding examples of databases application (Table 14) can be argued that SQLite is best 
suited to work. MySQL is also a hefty database that has too many features that are not needed in this 
software product, so the choice is made in favour of SQLite. For the correct operation of the developed 
software, two databases are used, each of which has its own clear purpose. They are separated due to 
the incompatibility of data to be stored there. One database is used to store GTFS data to easily query 
and get the information you need to run the program. The GTFS (General Transit Feed Specification) 
route data format itself is presented in the form of an archive in which text files are placed. Text files 



have a clearly defined name according to the specification of this standard. This standard provides for 
the presence of mandatory and optional files, which are filled with additional information. The required 
set of files is shown in Fig. 32 and not required in Fig. 33. 

 
Table 14 

Example of using databases 

SQLite MySQL 

Development of small standalone applications Web applications 

Projects that do not require large scalability Multi-user access to the program 

There is a need to read and write directly from the disk For distributed systems 

Simple development and testing The need for large databases 

The need for portability of the program The need for strong security and 

authentication 

 

 
Figure 32: Mandatory file set for GTFS standard 

 

 
Figure 33: Additional file set for GTFS standard 

 
This software mainly works with the required set of files. It is since for the visual simulation of 

passenger traffic, the rest of the data is indirect. Each text file according to the specification contains its 
template, according to which it must be filled. Only correctly filled files are allowed to work in the 
program, Google on their site designated for this standard checks the correctness before the publication 
of these files. Because the data is presented simply in text files and separated by commas and are CSV 
(comma-separated values) files, this feed format is neither convenient nor optimized for use and 
processing in the program. Therefore, the above and described pygtfs module is used to solve this 
problem, which uses the SQLAlchemy module to convert text documents into a relational database. An 
example of a CSV file is shown in Fig. 34. 

 

 
Figure 34: CSV file 

 



Default by the pygtfs module uses the SQLAlchemy module, so there is no need to replace it. 
SQLAlchemy is released in 2006, has since become the best, and most widely used among Python 
developers for object-relational database representation (ORM). This module provides the ability for 
ORM to display a database for Python. The structure of this module is shown in Fig. 35. 

 

 
Figure 35: The structure of the SQLAlchemy module 

 
Therefore, summarizing the above, the first of the two databases is a relational database used to store 

data in GTFS format, the structure of the tables shown in Fig. 36. This database is managed by the 
relational SQLite database management system and is created using an object-relational representation 
using the SQLAlchemy module. This database does not come with this software but is self-generated 
when you first run the program and download GTFS data from the server. For example, Fig. 37 shows 
the structure of one of the database tables for the GTFS standard. 

 

 
Figure 36: GTFS format database structure 

 

 
Figure 37: Route table structure 

 



The second database is already supplied with the software product and is used to store user data. 
Because the program being developed does not use registration, authorization, and session concepts, 

the program has a current user by default who uses the program and saves its settings, which can also 
be deleted (such as the Google Maps API key). This database is also managed relational database 
management system SQLite. In this case, because this database is not so cumbersome (due to a large 
amount of data), it has interacted with the usual SQL queries. The view of this database is shown in 
Fig. 38. 

 

 
Figure 38: Database view for storing user data 

 
The PyCharm software system is chosen as the development environment. This software product is 

considered fundamental for developing programs in the Python programming language. The choice is 
made between this development environment and VSCode. However, due to the possibility of creating 
a virtual environment with a separate installation of modules in it, without interfering with the operating 
system and an extensive range of tools for debugging software products, the choice is made in favour 
of PyCharm. However, VSCode does not provide a good set of features for high quality and fast 
debugging of software products, consisting of many modules and components and a large number of 
files. PyCharm has all the appropriate tools to handle such large projects. An example of a development 
window in the PyCharm environment is shown in Fig. 39. The development is based on the Windows 
operating system, so this aspect did not affect the choice of software for development. 

 

 
Figure 39: PyCharm window 

 
The study, as a result, the choice in favour of the Python programming language and the use of its 

appropriate modules to solve the problem was successfully substantiated. Examples of various software 
development tools that can use and the best options for this topic are selected from them. 



5. Practical implementation 

The description of the created software, given below, is issued according to the GOST 19.402-78 
standard "Description of the program". 

5.1. Description of the created software 

5.1.1. General information 

The full name of the program: "Visual simulation of passenger traffic", is shown in Fig. 40. 
Abbreviated name and designation of the program: "VSP". 

 

 
Figure 40: Name of the software product 

 
For the software to work correctly, you must have the following software installed: the Windows 

operating system, the Python interpreter, and the required set of modules. The developed software is 
written in the Python programming language. SQL queries are used to communicate with the database. 

5.1.2. Functional purpose 

First, this software product, designed for visual simulation of passenger traffic in the field of public 
transport in Smart City, has two display modes: schematic and "on the map". An example of a visual 
simulation in the "map" mode is shown in Fig. 41.  

 

 
Figure 41: Visual simulation in the "on the map" mode 

 
The software provides the ability to predict changes in passenger traffic. It is done using a specially 

designed neural network. To obtain a forecast using the neural network, you need to provide a schedule 
of the new vehicle that is planned to add to the current route. The change in passenger traffic will occur 
during the race and may depend on the time of day and the load of the current path. The predicted 
changes are visualized in the schematic mode of visual simulation, as shown in Fig. 42. Functional 
limitations include the ability to change only one route at a time. 



 
Figure 42: Visual simulation after forecasting 

5.1.3. Functional purpose 

This software product uses several algorithms, some of which are well known and others are unique 
and developed independently to solve specific problems necessary for this work. To process GTFS data, 
a unique algorithm of own development is used, given in the form of a block diagram in Fig. 43. This 
algorithm is designed to convert the provided data on stops and main points on the route in GTFS format 
into the correct image on an actual map with the division of the way into two parts: forward and reverse. 
Well-known algorithms include an algorithm for reading and parsing CSV files and an algorithm for 
drawing graphic primitives. 

 

 
Figure 43: Block diagram of the GTFS data processing algorithm 

 



Below is the part of the code that corresponds to the block diagram shown in Fig. 43: 
self.get_data() 

self.make_more_points() 

self.make_stops_on_points() 

self.correct_first_stop() 

self.combine_sides() 

self.calculate_distance_between_points() 

self.calculate_distance_between_stops() 

self.load_zoom(s.ZOOM) 

self.create_grid() 

A unique visual simulation algorithm has specially developed to solve the set tasks, which provides 
an opportunity for visually displaying traffic and existing passenger flows both on an actual map and 
schematically. The algorithm for creating a schematic mode of visual simulation is given in a block 
diagram in Fig. 44. 

 
Figure 44: Block diagram of the algorithm for creating a schematic mode 

 
In general, the visual simulation algorithm consists of three classes: the parent class Visualization 

and two classes SchematicVisualization and RealVisualization, which inherit the parent class. This 
inheritance is clearly presented in the form of a diagram in Fig. 45. 

 

Visualization

SchematicVisualization RealVisualization
 

Figure 45: Schematic representation of inheritance 

 
The developed software product uses various methods that perform the functions necessary to ensure 

its correct operation. Some of the methods and tools are systematized in Table 15. 
 



Table 15 

Methods and tools used 

The name of the method or tool Place of use 

Interpolation Create additional points to display the route 

The shortest distance from a 

point to a straight line 

Projection of a stop on a route 

The smallest distance between 

two points 

The total length of the route and the distance between stops 

World geodetic system WGS 84 Transmission of GPS coordinates 

Mercator projection Convert GPS coordinates to world coordinates 

Pixel coordinates on Google 

Maps 

Convert world coordinates to pixel coordinates 

Neural network Forecasting changes in passenger traffic on the route 

Karney Method (2013) The distance between two points given by GPS coordinates 

 
The function of predicting changes in passenger flows uses the capabilities of a neural network with 

fully connected layers, which is based on an optimization algorithm with an adaptive level of learning 
Adam. The size of the neural network is determined dynamically and depends on the size of the dataset 
on which the training will take place. An example of the code by which this neural network is generated 
is as follows: 
self.model.add(keras.layers.Dense(round(len(self.data) / 2), input_dim=5, activation='relu')) 

self.model.add(keras.layers.Dense(round(len(self.data) / 4), activation='relu')) 

self.model.add(keras.layers.Dense(1)) 

A possible view of the neural network is shown in Fig. 46. 
 

 
Figure 46: An example of the structure of a neural network 

 
This software also has a database that is responsible for storing data in GTFS format. To properly 

store this data, it is necessary to have a strictly defined database structure with foreign keys. Fig. 47 
shows a database diagram showing the main tables that correspond to the key types of the GTFS 
standard. Therefore, such tables are stop_times, containing the foreign key trip_id from the table trips 
and stop_id from the table stops. In turn, the stops table has only a stop_id key. The trips table contains 
three foreign keys: service_id from the calendar table, shape_id from the shapes table, and route_id 
from the routes table. The trip_id field is its unique key. The calendar_dates table also contains the 



service_id foreign key from the calendar table. Finally, the routes table contains the agency_id key from 
the agency table. The calendar shapes and agency tables do not have foreign passports. All of the above 
tables also include one common foreign key feed_id from the table _feed, which is not shown in Fig. 
47 since it is a system table and it has nothing to do with understanding the structure of GTFS data. 

5.1.4. Technical means used 

When using the program, you must have a personal computer or laptop that is based on an Intel Core 
i5-6500 processor or equivalent from other manufacturers. With lower technical characteristics, the 
software was not tested. However, from the software point of view, it is possible to reduce the frame 
rate in the mode of visual simulation on weaker processors and increase the time for neural network 
training. All other functions will work correctly. Table 16 shows the maximum number of frames during 
a long-term run of a visual simulation. As can be seen from Table 16, the performance of the software 
is kept almost at the same level during a long visual simulation session in the "on the map" mode, which 
substantiates the claim that the software is optimized and there are no problems with loss of performance 
or memory clutter. 

 
Figure 47: Database schema for GTFS data 

 



Table 16 

Productivity of a software product 

Time to run Maximum number of frames 

0 min 318 

5 min 306 

10 min 312 

15 min 301 

20 min 305 

25 min 304 

30 min 309 

5.1.5. Calling and Booting 

The program can be started by opening an executable file or a shortcut to this executable file. When 
downloading the program, the user will always get to the main menu, regardless of where the last 
session ended. 

5.1.6. Input data 

Input data for the software product is presented in several ways. First, data on transport routes from 
the relevant servers of the city are downloaded, and in the international standard GTFS are submitted. 
Data on passenger flows are presented in a unique template, which is defined in Excel format. An 
example of a template is shown in Fig. 48. 

 

 
Figure 48: Excel file to fill with passenger exchange 

 
Data on the new vehicle are also provided in the GTFS standard but do not require a complete set of 

files, i.e., using its own light version of this standard, shown in Fig. 49. 
 

 
Figure 49: File with additional transport 

 
Route data is transmitted in zip archive format, which contains txt text documents. Data on passenger 

traffic is presented in a file with the extension xls. Data for the new transport unit, although supporting 
the GTFS standard, does not require archiving and uses only the txt text file. 

5.1.7. Initial data 

The software product generates the original data in two formats. The first is an Excel file, which 
created a template for filling passenger traffic at stops, shown in Fig. 48. Another is a visual 



representation, which is presented in the form of a visual simulation in the "map" mode (Fig. 41) or 
schematically (Fig. 42). 

5.2. User manual 

5.2.1. Introduction 

Purpose of the document. The software product works as a separate desktop program with a standard 
interface for the primary user interaction, as shown in Fig. 50. When you run a visual simulation, the 
program creates a new interactive interface for user interaction, which differs in the modes "on the map" 
and schematic. The differences in the interfaces are shown in Fig. 51, Fig. 52. 

 

 
Figure 50: The main interface 

 

 
Figure 51: Unique drop-down menu in schematic mode 

 

 
Figure 52: Unique part of HUD in "on the map" mode 

 
The software product's functionality is a visual simulation of passenger traffic on routes presented 

in the GTFS standard. The functionality includes: 
1. Use of the international standard of the description of the schedule of movement of public 
transport GTFS. 
2. The visual simulation of passenger traffic in the "on the map" mode. 
3. Visual simulation of passenger flows in schematic mode. 
4. The forecasting changes in passenger flow when adding a new transport unit to the route. 
5. Display of new passenger flows in the schematic mode. 



Thus, the program is designed for accessible and visual presentation of passenger flows on routes 
and passenger exchanges at public transport stops. The software product provides the ability to display 
both current and projected passenger flows. The primary condition for use is managers and relevant 
civil servants' need to improve public transport services in Smart City. Due to the lack of top 
management of the transport company to make changes to the current structure of the city's route 
network. To fully use this software product, you need to have all the input data, namely: data on routes 
provided in the international GTFS standard and data on the number of passengers who used specific 
ways during the day. Collection of information on passenger exchange at stops can be carried out both 
by automated sensors (Fig. 53) inside vehicles and by the usual counting of passengers at stops of the 
corresponding route. All basic settings of the software product are made before its release, and the 
software does not require additional intervention. The only option you can change is the Google Maps 
API key. The key itself is optional but can be entered when the user wants to display an actual city map 
against the background of the "on the map" mode. This key can be saved for further launches of the 
program. However, it is allowed to enter each time anew. It is admissible at the exhaustion of the 
acceptable quantity of its uses (Fig. 54). 

 

 
Figure 53: The scheme of operation of the automated sensor of counting of passengers 

 

 
Figure 54: Google Maps key API input field 

5.2.2. Third level heading 

Designation and name of the program. Full name: "Visual simulation of passenger traffic", which is 
shown in Fig. 40. Abbreviated name: "VSP". Programming languages in which the program is written. 
The software product is written using the python programming language and the PyCharm development 
environment. This program is designed for use in public transport to improve the quality of passenger 
transport services. Program features. This software product allows you to update GTFS route data from 
official city servers. The update status is indicated in the first line of the main menu (Fig. 55). It also 
allows you to choose a specific route and its type (weekday or weekend) in which it operates. To display 
passenger flows during the working day, select "Weekday" from the drop-down menu (Fig. 56). The 
software allows you to enter data on passenger traffic at a stop in the format of Excel spreadsheets. To 
form a template, you must press the "Create Excel" key, which is shown in Fig. 57. 

 

 
Figure 55: Data update status 

 

 
Figure 56: Route selection and its type 

 

 
Figure 57: Key to create an Excel template 

 



To run a visual simulation in the program, you must select one of two modes of information 
presentation: "on the map" or in a schematic version. The corresponding buttons are shown in Fig. 58. 

 

 
Figure 58: Selection of visual simulation mode 

 
The user is also given the opportunity to learn the neural network based on the entered data and 

create a forecast of changes in passenger traffic due to the addition of a new vehicle. The corresponding 
toolbar for performing all the above functions is shown in Fig. 59. 

 

 
Figure 59: Neural network toolbar 

5.2.3. Classes of solved tasks 

The tasks to solved are: 
 Conduct a visual simulation of passenger traffic in schematic mode; 
 Conduct a visual simulation of passenger traffic "on the map"; 
 Predict a change in passenger traffic due to the addition of another vehicle. 
Methods of solving problems. This software product uses both proprietary and well-known 

algorithms to solve all tasks. The methods developed include those that create a visual simulation in 
two modes and calculate the dynamic coefficients of filling and congestion of transport units. 
Commonly known algorithms include the calculation of parameters for passenger traffic and passenger 
traffic. The interpolation method is used to create additional points on the route for smoother movement 
of vehicles. To design the location of a stop on a way is the method of the smallest distance from a point 
to a straight line. In addition, to find the length of the way and the distance between stops, the smallest 
distance between two points on the plane. The use of these methods is illustrated in Fig. 60. 

 

 
Figure 60: Vehicle that stopped at a stop 

 
Using a neural network, which is generated dynamically according to the input data to predict 

changes in passenger traffic, is based on the principle of a particular constant number of hidden layers 
and the dynamic number of neurons in each layer. 

Functions performed by the program. This program can perform the following functions: 
 Perform analytical analysis of GTFS data and passenger traffic data; 



 Visually simulate passenger traffic in two different modes for the available presentation of the 
provided data; 
 Dynamically generate the number of neurons in the layers of the neural network based on the 
input data; 
 Anticipate changes in passenger flows when adding a new vehicle to the route. 

5.2.4. Description of the main characteristics and features of the program 

Time characteristics. Using this software product significantly reduces the time spent on direct 
research and visualization of manually collected data on passenger traffic and passenger exchange on 
public transport routes. The program also provides additional features that cannot be done manually. 

Operating mode. The system works on demand. That is, when you need it, then you can run it. The 
program does not need to work around the clock's control of correctness of execution and self-recovery 
of the program. The program interface is built on the principle of CE (Chain Elements), according to 
which the interface does not allow the user to press the buttons responsible for processing data that does 
not yet exist or for currently unavailable capabilities. It is impossible to violate a specific sequence of 
actions at the development stage through the locked buttons (black) shown in Fig. 61, with possible 
interaction only with grey elements. 

For control in the software product, there are information windows and inscriptions in the main 
interface, which will help understand the reasons for failing to perform a specific action. 

 

 
Figure 61: Locked main menu items 

 
Limitations of the scope of the program. The main rules in the use of this software are: 
 Impossibility of application to non-scheduled passenger traffic; 
 Impossibility of application for freight transportation; 
 Impossibility of application for other types of passenger transportations. 
 Lack of route data or routes in GTFS format; 
 Lack of data on the number of passengers entering and leaving the transport at stops, i.e. 
passenger exchange. 

5.2.5. Information on functional limitations for use 

Conditions required for the program. The main requirements are: 
 To have access to data on passenger flows; 
 To be able to change existing schemes of the city's route network. 
You must have a Windows-based desktop or laptop to run the system. You must also install Python 

and its modules. Requirements for the composition and parameters of peripherals. To use the program, 
you need a connected monitor, keyboard and computer mouse. For the program to work, you need to 
have Python and its corresponding modules installed. The software product is presented in a file that 
will independently install the appropriate necessary application software. 

To use the product, the Windows 10 operating system must be installed. There are no special 
software requirements. You need an Internet connection to download GTFS data and download maps, 
but the data is cached and does not require an Internet connection after the upgrade. 



5.3. Analysis of the control example 

When you start the program, the main screen of the software product is the interface shown in Fig.62, 
a feature of which is the inability to work with elements that respond to blocked functions. The user has 
access only to those buttons, the functionality of which is not limited now. Only after using the action 
buttons, the user will gradually have access to the following interface elements. The user can be sure at 
any time that if the button is active, the action it describes will perform. 

 

 
Figure 62: Main interface 

 
The first steps available to the user are only the ability to update GTFS data and select the route and 

its type (Fig. 62). The program interface is immediately made in the dark mode, which is very popular 
today for all software products and sites. In addition, it is more pleasing to the human eye and is not too 
bright. In the absence of data, only the download of new data will be available, as shown in Fig. 63. 
After selecting the route and its type, all other buttons and fields are activated, and it is indicated which 
type of download will be performed: "fast" or "slow". "Fast" occurs when the program has cached data, 
and "slow" - if you need to create a new cache for subsequent launches. Immediately after that, 
information about the availability of downloaded maps is displayed. The program does not require maps 
if the user does not have an API key for Google Maps or does not want to use maps. The map mode 
will be displayed without a map in the background but with all proportions and scales. 

 

 
Figure 63: Main interface without data 

 
The main program window, which shows all the new available features, is presented in Fig. 64. 
The "Create Excel" button generates a file to fill it with passenger traffic for each transport route. 

The Excel file is selected based on several factors, namely: 
 Data on passenger traffic can be collected simply by people who stand at stops and count it 
manually, and then be transferred to an Excel spreadsheet; 
 Special sensors with the help that are installed on the doors of vehicles, which in turn will be 
able to export the collected data to an Excel spreadsheet. 



After successfully filling the Excel file with data on the number of passengers at stops, you can 
choose any mode of operation, whether schematic or "on the map". According to their location on the 
forward and schematically reverse directions, the endings are marked one after the other. It supports 
scrolling up and down with the mouse to view all stops, navigating with the arrows to select the next or 
previous time intervals with an interval of one hour. The interface of this model uses different colours 
to indicate various indicators, states and phenomena. It is due to the need to make the program interface 
as intuitive as possible (without reading the documentation) shown in Fig. 65. 

 

 
Figure 64: The main interface is fully active 

 

 
Figure 65: Schematic mode 

 
When you use the D key, you can view general information for the whole day, not hourly. Each stop 

is signed with the name and number used at the actual stops in the city on the appropriate road signs 
(Fig. 66). These data show the number of passengers who came in and out at the stop for a specific 
period, and even lower - the sum of all passenger traffic at the stop (Fig. 66). 

 

 
Figure 66: Display stop in schematic mode 

 



The size and segments of the circle are determined dynamically. The larger the radius of the circle - 
the more people at this stop came and went (relative to the maximum number in each hourly interval 
during the day). The sectors are marked in different colours to display the ratio of those who came in 
and those who came out at the stop. Between stops, a comprehensive line, the size of which changes 
dynamically, indicates passenger traffic. The number on it (Fig. 67) shows how many people are 
transported during this hour on this race between stops. 

 

 
Figure 67: Display of the race between stops 

 
The colour of the top underline the load factor of the vehicle relative to its design capacity and can 

be displayed in three colours (Fig. 67): 
 Green (norm): less than 0.9; 
 Orange (permissible excess): 0.95 - 0.99; 
 Red (critical excess) 1.00 and more. 
The colour of the underscore, in turn, depends on the load factor of the vehicle relative to its actual 

capacity and can be displayed in three colours (Fig. 67): 
 Green (norm): the coefficient of structural capacity is less than 1.00; 
 Orange (permissible excess): the coefficient of structural power is more significant than 1.00, 
but the coefficient of actual capacity is less than 0.95; 
 Red (critical lot): in other cases. 
In this mode, you can also click on the stop and get more detailed information about it, an example, 

a window shown in Fig. 68. Races between stops also support the function of an additional data window, 
which shows the maximum bandwidth of the race on several parameters, where all overloads are 
visualized by a change of colour, as illustrated in Fig. 69. 

 

 
Figure 68: Stop data window 

 

 
Figure 69: The data on the run between stops 

 
General information about the route is displayed by clicking on the "General Information" button 

located in the upper right corner. An example of the window is shown in Fig. 70. 



The next available mode is the mode of visual simulation "on the map" (Fig. 71), where according 
to the data on the time of traffic and passengers, is an accurate simulation of traffic during the day from 
stop to stop with the selection and disembarkation of passengers. 

 

 
Figure 70: General information window 

 

 
Figure 71: Map mode 

This mode is most suitable for visual display where the map finds probably overloaded interchanges 
or particular vital objects of the city that attract people. Because the screen displays the exact time of 
day, you can see how many vehicles are currently on the route, track what is happening to them, set the 
car at lunch break, and determine if the car was moving too slowly than planned. This mode also 
supports zooming in and out (Fig. 72 - 73 respectively), slowing down the simulation speed by two and 
three times from ordinary. You can use the space bar to pause the simulation and explore this point in 
time. 

 

 
Figure 72: Example figure 

 



 
Figure 73: The most enormous scale 

 
Red indicates the active vehicle on the route, yellow - if he is on a lunch break. At each stop, the 

number of passengers waiting for transport is indicated, and the circle's size means the stop in Fig. 74 
(a). The larger the number of passengers, the larger the process. The size of the process changes 
dynamically between arrivals of transport, also at landing and disembarkation on fig. 74 (b). 

 

  

a) b) 

Figure 74: Type of visual simulation of the stop: a) before the arrival of the vehicle; b) after the arrival 

of the vehicle 

 
Moving on the map in all directions is the arrows on the keyboard and zooming - the mouse wheel. 

The standard animation speed is calculated so that 1 minute of virtual time is simulated in 1 second of 
real-time. This speed can be reduced 2 and 3 times with the PageDown key and increase - PageUp. To 
start the possibility of predicting changes in passenger traffic using an additional vehicle, a separate 
block is used in the right part of the main menu in Fig. 75 (a). With its help, you can teach the neural 
network, after which it will be saved and will not require retraining in Fig. 75 (b). The program creates 
a file based on a template for presenting information in GTFS format, which must be filled in by the 
user with information about the new schedule of the additional vehicle. After clicking on the "Visualize 
schematically" key, the data on the capacity of the added transport in the window in Fig. 76. Then there 
is a recalculation of data on passenger traffic, which is displayed in schematic mode (Fig. 77). 



  

a) b) 

Figure 75: Blocks for interaction with the neural network: a) before learning; b) after 

 

 
Figure 76: Window for entering vehicle capacities 

 

 
Figure 77: Changed passenger flows 

 
In this mode, the change in the colours of the race between stops affects forecasting changes in 

passenger traffic. Blue indicates no change or an area that has not covered by the additional vehicle. 
Green - indicates that passenger traffic has increased, and red - its decrease. This data presentation 
provides an opportunity to assess whether it will be cost-effective to add this vehicle or whether it may 
be necessary to adjust its schedule to better cover the loaded areas during peak hours. 

The growth of passenger traffic is shown in Fig. 78, where the upper orange line indicates the 
predicted neural network. Fig. 78 shows an increase in passenger traffic from the sixth to the 13th race 
by an average of 28%, and in the races from 1 to 5, changes are almost non-existent. 

Table 17 compares the change in passenger traffic, distributed by the race in the period from 19:00 
to 20:00, according to actual data and after forecasting by the neural network. Of the 13 races, there are 
significant changes in only nine races. The other four remained unchanged (or with minimal changes). 
It will allow you to make an informed management decision to launch additional transport. 

 



 
Figure 78: The schedule of loading of races by passenger flows 

 
Table 17 

Analysis of changes in passenger traffic during the race after the neural network in the period from 

19:00 to 20:00 

Race number 

 

Actual 

 

Predicted 

 

Absolute change 

 

Relative change 

 

1 118 123 5 4.24% 

2 67 79 12 17.91% 

3 201 201 0 0.00% 

4 344 346 2 0.58% 

5 469 473 4 0.85% 

6 432 506 74 17.13% 

7 457 546 89 19.47% 

8 460 559 99 21.52% 

9 456 564 108 23.68% 

10 483 587 104 21.53% 

11 348 450 102 29.31% 

12 294 397 103 35.03% 

13 183 286 103 56.28% 

 

Thus, this section provides a description of the developed software product according to clear rules 
and regulations according to GOST 19.402-78 "Description of the program". The user manual, which 
will be part of the technical documentation, accompanied by illustrations of the program, has been 
successfully created. This instruction is also performed according to the norms and according to the 
international standard IEEE STD 1063-2001 "Standard for Software User Documentation". To confirm 
the efficiency of development and compliance with the task, the analysis of the control example. 

6. Economic substantiation of expediency of work 

6.1. Economic characteristics of the software product 

The work aims to improve the quality of passenger transport services in public transport. Since the 
basic unit for assessing passenger traffic is the passenger, it is necessary to conduct a study of passenger 
traffic to provide quality services. It is why there is a need to develop a software product that will 



visually simulate passenger traffic and make predictions about changes in passenger traffic with a 
specific impact on the route understudy at a particular time of day and a certain distance. The economic 
feasibility of software product development is that the subject of research, analysis, and evaluation of 
passenger flows is underdeveloped. In addition, the current software products that are currently on the 
market are too complex, which requires additional training of specialist staff to work with this software, 
which generates additional costs for the company. 

Moreover, the critical factor is the high price of the given decisions, which cannot be blocked by 
profits from the received optimization or changes on routes in our realities. In addition, this software 
product comes with an intuitive interface and Ukrainian language, which will significantly facilitate the 
work with these software solutions. Currently, all other software products currently on the market 
contain only foreign languages. Therefore, this creates the marketing value of this product. Thus, 
summarizing the above, it is clear that the developed software product will have sufficient demand in 
the market today due to the availability of adequate necessary features and capabilities for future 
consumers and a simple and intuitive interface. 

6.2. Economic characteristics of the software product 

Currently, there is only one organization on the market in Ukraine that can provide services for 
research, evaluation, and analysis of passenger flows in the public transport field. However, this 
company only offers such services but does not sell its software product, which is for each application 
will have to pay extra. If we talk about the international market, one large company has been engaged 
in the visual simulation of passenger traffic for over 40 years. However, the price of this software 
product reaches tens of millions of hryvnias and requires additional specially trained staff to work with 
it. Similar products on the market are sold in different ways, and the most common is to provide a price 
for each buyer. It is impossible to find out which school the price is set for, generating some speculation 
in this market. Other products are sold at a price depending on the length of the routes you need to 
explore, which greatly increases the price for large companies or large cities. The primary consumers 
of this software product may be state-owned utilities, which manage most of the city's transport routes. 
It will be just as important for the city's high status and popularity among tourists and private companies, 
which have only a few ways but plan to get the highest possible quality of transport from passengers, 
to be able to develop and obtain more roads in the city. Competitors are currently not significantly 
grown in our market in the country, and therefore cannot create significant problems for the 
development of the current software product that will enter the market. In addition, this system does 
not require additional legislation and regulations that could somehow affect the development and 
distribution or pricing policy. 

7. Conclusions 

The problem of visual simulation of passenger flows in the field of public transport, which is studied 
in work, is relevant for the development of modern cities. To improve the quality of passenger services 
in the town, a software product has created that allows you to visually simulate passenger traffic in 
actual conditions and predict their changes through the neural network when adding a schedule of 
additional vehicle. To solve the tasks in this paper, some existing on the market programs for passenger 
transportation and their comparative analysis and the existing available scientific developments in the 
field of public transport passenger traffic management. Significant advantages and disadvantages of 
known approaches, methods, tools and algorithms for solving problems of visual simulation of 
passenger traffic are highlighted. In this analysis, as a result, it was found that the critical task of public 
transport information systems is to assess passenger traffic. 

Since passenger traffic is not a sufficiently researched topic in visual simulation, most scientific 
articles focus on assessing the quality of public transport. The main component of passenger traffic is 
the passenger, who can determine the quality of passenger transport. 

Possibilities, availability, approaches and principles of optimization of passenger transportations are 
analysed. It is established that the visualization of passenger flows is one of the essential tasks of 
optimizing routes and improving the quality of passenger transport by public transport in Smart City. 



It is established that at present, there is a need for research on the assessment and visual simulation 
of passenger traffic, the search for new approaches to solving problems. 

In the research conducted in work, a tree of goals was created, constructed and described, in which 
all aspects and criteria for achieving the general goal are given. To specify the functioning of the 
developed system, a representation is created using functional diagrams IDEF0, which allowed 
estimating the scale of the software product that is planned for development, including all its reference 
points. Workflow diagrams, IDEF3, were used to display a specific sequence of actions, which allowed 
considering the processes that are planned to be implemented in the software product in more detail. 
With the help of specialized software, a hierarchy of tasks in the form of a tree is created, which shows 
the general order of information system processes. 

Therefore, the system analysis resulting from the information system of visual simulation of 
passenger flows is offered. For the development of this information system, the choice of Python 
programming language is substantiated. Additional modules that are necessary for the correct 
development of the software product are described. The well-known standard of public transport data 
presentation - GTFS is used for the operation of the software. It allows you to make this software 
product universal rather than specific to a particular city or country. Own algorithms for dividing routes 
into forward and reverse sides, placement of stops on the way, and unique algorithms for visual 
simulation in the "map" and schematic modes are proposed and developed. 

The capabilities of a fully connected neural network are used to predict changes in passenger traffic 
after the addition of an additional vehicle schedule. It provides an opportunity to indicate the shift in 
passenger traffic at the appropriate time on this segment of the route. This neural network makes it 
possible to optimize passenger transport by public transport in Smart City. 

The paper also describes the created software product according to the relevant standards, user 
manual and a control example to confirm the efficiency of this development. 

The passenger flows predicted by the neural network, in comparison with the actual ones, lead to 
their growth by an average of 28% in critical races at rush hour. These results substantiate the feasibility 
of adding a schedule of a new vehicle for better coverage of loaded areas during peak hours. 

A comparison of changes in passenger traffic distributed over the races during the day from 19:00 
to 20:00, according to current data and after the operation of the neural network indicates an increase 
in their average 70% of races that are predicted, which will allow making an informed management 
decision launch of additional transport on the route. Therefore, based on all of the above, the results are 
achieved in performing the work meet the goal, which is confirmed by the examples of the work of the 
developed software. 
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