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Introduction
According to the Digital 2021 report, more than 

half of the world’s population (56%) lives in cities [1]. 
According to UN forecasts, the city population will 
continue to increase further to 6.3 billion (about 65%) 
by 2050 [4]. According to the study [17], population 
density affects the quality of life. It is very important to 
compensate for the negative impact of urban popula-
tion growth on the comfort of their inhabitants. One of 
the concepts that make the life of urban residents more 
comfortable is the concept of a smart city. A smart city 
is a concept for managing the resources and infrastruc-
ture of a city with the widespread use of information 
technology and Internet of Things technologies. In 
article [13], a smart city is defined as a well-defined 
geographical area, in which high technologies such as 
ICT, logistics, energy production, and so on, cooperate 
to create benefits for citizens in terms of well-being, 
inclusion, and participation, environmental quality, in-
telligent development. It is governed by a well-defined 
pool of subjects, able to state the rules and policy for 

the city government and development. Public transport 
is one of the main components of the urban infrastruc-
ture that provides a comfortable city life. In [15], the 
authors emphasize that smart projects in a technocity 
should be aimed at transport improvement. To build 
an easy-to-use public transport system, it is necessary 
to take into account the transport needs of citizens. In 
a time before information technology penetrated ev-
eryday life, surveys and censuses were used to study 
the needs of citizens. The collection of such data is 
expensive, requires the participation and time of citi-
zens, and the data obtained quickly become outdated. 
In the modern world, new data sources describe the 
movements of citizens. They provide data at a lower 
cost and with accuracy and speed that was not possible 
with the methods of the past. One such data source is 
mobile phones. During their operation, mobile phones 
and smartphones exchange information about signal 
strength and delay with base stations. This informa-
tion is stored in base stations and can be used to deter-
mine the location of devices. The main advantage of 
these cellular operators is mass character. According 
to [1], the penetration rate of mobile phones is more 
than 65% and is constantly increasing. In large cities 
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and developed countries, according to [3], almost the 
entire population is subscribers of mobile networks. 
The important advantage of cellular operators’ data is 
collecting at the operators’ base stations, centrally and 
not visible to users. The disadvantages of such data 
include their low spatial accuracy, which is sufficient 
to determine, for example, the area of departure and 
arrival, but not a specific object. The data of cellular 
operators are convenient for analysis and mostly used 
in the form aggregated by city districts and time inter-
vals. Example of aggregated transport data is present-
ed in Table 1. Thus, researchers have access to data 
on the number of people in each of the city districts. 
Traffic flow data between each pair of districts for each 
time interval is also available. Due to the presence of 
base stations of cellular operators in the subways of 
some cities, for example, in Moscow, it is possible to 
measure the traffic flow of the subway separately. The 
development of data analysis algorithms also makes it 
possible to obtain information on the number of people 
traveling from home to work and from work to home. 

Table 1
Aggregated transport data example

Timestamp Source  
district 

id

Destination  
district id

Count  
of customers

20/01/22 10:00 1 2 1012

20/01/22 10:00 1 3 1258

20/01/22 10:30 1 2 521

20/01/22 10:30 1 3 620

An overview of cellular operators’ data analysis 
methods is presented in the article [10]. Our paper [8] 
presents an anomaly detection method for aggregated 
data of cellular operators. Such anomalies correspond 
to important social events. These events do not need 
to be predicted. They are either known in advance (for 
example, large concerts, social events) or are unpre-
dictable (for example, major accidents, fires). City 
authorities need to respond to such events on time 
and take measures to improve the traffic situation, so 
it is necessary to identify changes in traffic flows and 
measure them. The paper [9] proposes a method for 
clustering city districts based on aggregated data from 
cellular operators. As a result of clustering, the city 
areas were divided into five clusters (from residential 
to working areas). Urban infrastructure in districts of 
different clusters should have various development 
vectors to meet the needs of citizens living in these ar-
eas. This article is devoted to an overview of methods 
for analyzing individual transport data. Such data, in 
contrast to aggregated data, make it possible to obtain 
more accurate and granular information about the na-
ture of movements in the city.

1. Main Part
Most modern mobile phones are smartphones. 

They have many sensors such as GPS [20] and accel-
erometers. Unlike location data received by cellular 
operators, data from GPS sensors has higher spatial 
accuracy. It is important to note that GPS data has a 
lower penetration rate than cellular data, as not all mo-
bile phones have a GPS sensor. To transfer data, you 
need to use a special application. Crowdsensing can 
be used to motivate smartphone users to install appli-
cations. It is the provision of some bonuses to users, 
for example, additional free Internet traffic or free ac-
cess to content, in exchange for data. The collection 
of trajectory information can also be embedded in 
applications that provide transportation services, such 
as a taxi/bus depot application. The data received by 
smartphone accelerometers are also collected on the 
user’s side. It can also be obtained utilizing crowd-
sensing. These data are successfully used to predict the 
type of activity of a smartphone user and the type of 
transport they use [35] [29]. The solution to such prob-
lems helps to understand the distribution of the traffic 
flow between different transportation modes. It allows 
city governments to organize better the transport net-
work of the city. It is possible to use data from smart 
card validators to analyze the movements of public 
transport passengers. Smart cards (transport cards) 
are a popular means of payment in transport systems. 
Such cards are used to pay for travel in cities such as 
Moscow, Beijing, Melbourne, and many others. They 
record information about the balance or the number 
of remaining trips. Admission to public transport is 
carried out after passing the validation process. If the 
cost of the trip depends on the travel distance or the 
endpoint, then the smart card can also be validated at 
the end of the trip. This solution is less convenient for 
passengers. The data of the validators, in this case, al-
lows researchers to accurately determine the trip des-
tination. If destination data is not available, there are 
heuristics to retrieve it. The paper [33] is devoted to 
an overview of the data formats collected by the vali-
dators and some processing methods. The advantages 
and disadvantages of using data from various sources 
are presented in the Table 2.

Data type Advantages Disadvantages GPS data 
Ability to obtain trajectories with high spatial accura-
cy, the ability to determine the speed. Low penetration 
rate, the need to install special applications to obtain 
Accelerometer data High accuracy in solving transpor-
tation mode prediction problems Low penetration rate, 
the need to install special applications to obtain, do not 
contain information about the location, a narrow range 
of tasks to be solved Smart card data Collected central-
ly, high penetration degree, accurate spatio-temporal 
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marks Reflect only data on the traffic flow in public 
transport, the endpoint of the trip and the exact trajec-
tory are not always known

Table 2
Advantages and disadvantages of using data from 

various sources

Data type Advantages Disadvantages

GPS data Ability to obtain 
trajectories with 
high spatial ac-

curacy, the ability 
to determine the 

speed

Low penetration rate, 
the need to install 

special applications 
to obtain

Accelerometer 
data

High accuracy in 
solving transpor-
tation mode pre-
diction problems

Low penetration rate, 
the need to install 

special applications 
to obtain, do not 

contain information 
about the location, 
a narrow range of 
tasks to be solved

Smart card 
data

Collected cen-
trally, high 

penetration de-
gree, accurate 
spatio-temporal 

marks

Reflect only data 
on the traffic flow in 
public transport, the 
endpoint of the trip 

and the exact trajec-
tory are not always 

known

2. GPS data

GPS data are collected from smartphones or 
navigators using specialized applications. Such an 
application can be installed on the device by the user 
himself to exchange his data for some bonuses or use-
ful functionality. Also, applications that collect GPS 
trajectory data are often installed on the devices of em-
ployees of transport companies.

Taxi fleet data. There are two main directions in 
the analysis of taxi fleet data on trajectories collected us-
ing GPS. The purpose of the first direction is to optimize 
the operation of taxis. Taxi companies are most interested 
in the development of this area. It includes a behavior 
analysis of drivers, an analysis of passenger demand, and 
other tasks. The solution of these tasks will reduce costs 
and increase the income of taxi services. The second 
direction is the analysis of the transport network of the 
city. Within the framework of this direction, the tasks of 
assessing the total transport flow and its characteristics 
on the city streets are being solved. The possibilities of 
reducing harmful emissions from transport services are 
being analyzed. The latter challenge is especially rele-
vant in some metropolitan areas where high levels of CO2 
emissions harm the health of citizens.

In the study [22], the authors, based on the anal-
ysis of GPS data on the trajectories of taxi cars, pro-

posed a method for optimizing taxi ranks, taking into 
account the spatio-temporal distribution of passen-
ger demand and the waiting time for taxi customers. 
The proposed methodology is demonstrated on 204 
hours of trajectory records in Shenzhen (China). The 
research materials in this paper are useful to city au-
thorities when planning taxi stops, taxi companies to 
predict demand, as well as taxi drivers and users who 
can better estimate the waiting time for a taxi. In [24], 
GPS data on the trajectories of Beijing taxis are used 
to study the influence of network companies such as 
Uber and Didi on taxis in the city. It is concluded that 
with the advent of taxi network services, the number 
of trips per day per taxi decreased by 18.08%, and the 
average daily income by more than 19%. The authors 
also compare strategies for searching and delivering 
passengers by taxi drivers with high and low efficiency 
in different periods. Research [48] is devoted to the 
detection of anomalous trajectories. According to the 
authors, anomalous trajectories are trajectories chosen 
by a small number of drivers that differ from the nor-
mal trajectories chosen by other drivers. Such trajec-
tories can serve as signals of incidents in urban traffic 
systems or fraudulent activities on the part of drivers 
and passengers. The researchers propose an anomaly 
detection algorithm based on hierarchical clustering of 
different trajectories with the same source-destination 
pairs. They identify four main patterns of abnormal 
behavior. Computational experiments show the effec-
tiveness of the proposed method for detecting fraud-
ulent routes and adverse road events. The study [12] 
examines the impact of precipitation on taxi demand. 
The authors introduce the concept of a high-income 
passenger to study the demand for a taxi and the driv-
er’s efficiency. The researchers show that increased 
rainfall intensity has the opposite effect on passen-
ger demand for taxis during weekday peak hours and 
off-peak hours. It is noted that a deeper study of the 
activities of a taxi is possible using data from taxi call-
ing applications, sensors, as well as financial reports 
of drivers. Data on the taxi trajectories obtained from 
GPS sensors also are used to estimate the congestion 
of city roads. The study [30] proposes a method for 
calculating the road congestion factor based on the 
average speed of taxi drivers. As a result of a com-
putational experiment carried out using data on the 
trajectories of Beijing taxi drivers, the authors set the 
time limits for the morning and evening rush hours. 
They estimate the intensity of traffic on the city roads 
at various time intervals. It notes that the workload in 
the morning peak hours is higher than in the evening. 
There are no peak hours on weekends. In the study 
[28], GPS data on the trajectories of taxi drivers in the 
city are also used to estimate traffic intensity. Based 
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on this assessment, a model for the analysis of urban 
transport emissions is proposed. The territory of the 
city is divided into traffic analysis zones (TAZ). With-
in them, instantaneous emissions of CO2, NOx are es-
timated. The authors show the relationship between 
the density of roads and the number of emissions in 
the TAZ. They conclude that the highest emissions 
are in TAZs with large business centers. The authors 
show that within Beijing’s fifth ring road, emissions 
are higher in the north than in the south. The results 
of this study can be used by the city authorities for 
lowcarbon urban transport planning, the promotion of 
alternative energy vehicles, and the design of charging 
stations. The article [52] is also devoted to the study 
of emission levels in megacities. The authors analyze 
data from more than three million GPS trajectories 
of mobile subscribers obtained in Setagaya, Tokyo. 
They propose a method to reduce harmful emissions 
by changing the bike-sharing system. The proposed 
method showed a reduction in emissions by more than 
6% compared to previous methods. The materials of 
this study are useful in the design and improvement of 
bicycle-sharing systems around the world. The study 
[40] is devoted to the comparison of harmful emis-
sions from classic taxis and taxi drivers working with 
aggregators. In it, the authors compare the trajectories 
of Didi taxi drivers with ordinary taxi drivers work-
ing without an aggregator. The study found that DiDi 
drivers drive less in search of passengers, heading di-
rectly to the pick-up point. Fuel consumption and car-
bon monoxide emissions, nitrogen oxides, and hydro-
carbons per passenger-kilometer are about 1.36 times 
higher in classic taxi rides.

Bus fleet data. GPS data on vehicle trajecto-
ries are massively collected not only in taxi services 
but also in bus networks. A model for reducing pub-
lic transport emissions based on GPS trajectory data 
using the concept of individual buses is proposed in 
[50]. During a computational experiment conducted 
on trajectory data recorded by mobile phones in To-
kyo, 29 potential individual bus routes are calculated. 
The researchers identify three types of routes: radial, 
circular and suburban. The estimated emissions re-
duction is 13%. The authors find convenient places 
for the proposed stops of individual buses. This study 
may be useful to city authorities in the implementa-
tion of the concept of individual buses. In [27], the 
relationship between critical driving events (long stop, 
hard acceleration, and hard deceleration) and crashes 
is investigated. The authors use Spearman’s rank cor-
relation coefficient based on data on the trajectories 
of 300 Orlando buses. They find that sudden accelera-
tion and long stops are positively associated with traf-
fic accidents involving pedestrians and cyclists. The 

authors of the article propose to use the materials of 
their research in the design and implementation of pro-
active traffic safety management systems. Paper [53] 
proposes a framework for evaluating the performance 
of bus routes based on GPS trajectory data collected in 
Jinan, China. Several important bus performance met-
rics are studied, including route times, stop times, idle 
times, and groupings of buses. The results show that 
the travel times of the routes follow a correct skewed 
distribution. In addition, the passage time of a section 
between two successive stops varies at different peri-
ods and is longer during the evening peak hours. The 
article [41] is devoted to the solution to the problem 
of planning dedicated lanes for buses. The authors 
formulate the problem of planning dedicated lanes 
for buses as a multiobjective optimization problem in 
which road conditions, traffic flow, bus lane connectiv-
ity, and construction cost act as constraints. The use of 
the road and the punctuality of the bus are taken as ob-
jective functions. A method based on an evolutionary 
algorithm is presented for solving the problem. The 
operation of the method is illustrated by a computa-
tional experiment conducted on GPS data from buses 
in Shenzhen, China. Often the trajectories of buses fol-
lowing a fixed route are stored in a compressed form. 
The data includes only relevant bus station arrival and 
departure records. The article [37] presents a BVI sys-
tem for visual data analysis. This system contains four 
data analysis modules. The first module cleans and 
displays sparse trajectory data. The second module is 
responsible for analyzing the state of global traffic and 
traffic patterns of road sections. In the third module, 
an analysis is made of bus station congestion patterns, 
and in the fourth, an analysis is made of the impor-
tance of bus stations in a complex public transport net-
work. The authors demonstrate the performance and 
efficiency of the proposed system in three experiments 
using a data set of real bus GPS trajectories.

GPS data from other sources. The study [7] is 
devoted to ensuring safety at construction sites based 
on the analysis of GPS trajectories of builders. The 
paper proposes a system that processes GPS data, cal-
culates stopping points, trajectory intersections, and 
provides this information to safety managers. The 
main distinguishing feature of the proposed system is 
that it does not use the GPS data directly, but the pro-
cessed spatio-temporal trajectory data. The materials 
of this article are useful to identify potentially unsafe 
behavior at construction and other facilities. In [16], a 
method for transportation mode prediction based on 
GPS trajectory data is presented. The main part of the 
proposed method is preparing data for classifiers (ran-
dom forests, decision trees, nearest neighbors, Naive 
Bayes). It consists of five stages. At the first stage, 
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points of GPS trajectories are grouped. Then points 
signs of trajectories are generated. Trajectory charac-
teristics (percentiles, medians, etc.) are highlighted. 
Noise is removed from the obtained data. Normaliza-
tion is carried out. Classifiers built on prepared data 
show higher accuracy, surpassing classifiers built 
using other data preparation methods. City authori-
ties need to create a comfortable urban environment 
for pedestrians. Active walking helps to improve the 
health of the city’s population and improve the qual-
ity of life in the city. The study [38] is devoted to the 
analysis of pedestrian behavior. The authors use GPS 
data on the trajectories of pedestrians collected using a 
special application for smartphones. The authors show 
the influence of various street attributes, which, as is 
known from previous studies, influence the choice of 
a walking route. Unlike most studies where the data is 
limited to a specific type of destination (such as public 
transit stops), this paper examines a set of trajectories 
from a wide range of destinations and geographic re-
gions. To evaluate the choice of paths, a new method 
of alternative path creating is used. The proposed ap-
proach obtains information about the attributes of the 
route using Google Street View image analysis.

The paper [55] proposes a system for construct-
ing a city pedestrian network. This system includes 
three key modules. The first module is filtering data 
on walking trajectories. The second is building a pe-
destrian network and the third is its evaluation. Data 
for analysis is obtained using crowd-sensing from the 
GPS sensors of phones. The authors conduct an exper-
iment showing that the pedestrian network extracted 
using the proposed system is accurate and complete. 
The work [25] is devoted to modeling the trajectories 
of pedestrians in the city. An important problem in the 
analysis of pedestrian trajectory data is large errors 
in positioning caused by large buildings and frequent 
stops, and direction changes. The authors proposed a 
system for modeling pedestrian trajectories that solve 
such problems. The paper describes in detail the archi-
tecture of the system, and the tools necessary to im-
plement such an architecture. The study [46] proposes 
a method for people crowds detection based on GPS 
movement trajectories data. The main feature of the 
proposed method is resistance to noise and missing 
data, which is typical for data collected in urban areas. 
The results of the computational experiment show that 
the method accuracy of detecting crowds and isolating 
their members is 91.3

3. Smart card data

Currently, smart cards are widely used to pay 
fares in the transport systems of many cities. Data on 

the validation of transport cards are collected by special 
systems and are utilized mainly for invoicing. These 
data can also be used to solve other applied problems. 
Example of individual transsport data is presented in 
Table 3 A large number of individual transport contrib-
utes to an increase in the number of harmful emissions 
into the atmosphere. The main alternative to individual 
transport is public transport. The use of it is more en-
vironmentally friendly. For increasing public transport 
use, it is necessary to identify the reasons why urban 
transport is not attractive to citizens. The study [36] 
is devoted to identifying factors contributing to the 
public transport use reduction. The authors built a Cox 
regression model on features obtained from smart card 
data. These features include for each passenger the 
share of weekdays using public transport, the number 
of pairs of places of departure and arrival, the share of 
tram use, the type of transport card, and others. Based 
on the analysis, the authors propose incentive mea-
sures to maintain and increase the use level of public 
transport for various population groups.

Table 3
Smart card data example

Timestamp Validator 
id 

Smart 
card id

Balance

20/01/22 09:30:55 0 125558 500

20/01/22 09:31:32 1 136472 362

20/01/22 09:32:05 0 123657 414

20/01/22 09:32:55 0 130058 580

In Brisbane, Queensland, Australia, smart cards are 
used to access CityCat ferry transport. The article [39] 
provides a detailed study of the data of more than 1.5 mil-
lion smart card data transactions. The authors establish 
that, despite the presence of only one route, more than 
2% of trips on public transport are made on these fer-
ries. The article notes that the use of ferries is mainly for 
going to work and school during rush hours. The ferry 
use level at the weekend remained at the same level. A 
cluster of users using the ferries for one-time recreation-
al purposes is identified. A high degree of integration of 
the CityCat system with other transportation modes is es-
tablished. More than 15% of trips continued using other 
transportation modes. The paper [54] is devoted to the 
transfer identification problem. This paper investigates 
transfers between subways and bike-sharing systems. 
An important difficulty in conducting such studies is the 
use of various transport cards for metro travel and bicy-
cle rental. The authors proposed a method for comparing 
data from smart cards of two different transport systems 
for one passenger. In the computational experiment, this 
method showed an accuracy of 100% for 573 passengers 
under study. The authors examine the identified transfers 
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and conclude the movement of passengers. The authors 
note that 2/3 of bike-to metro transfers and vice versa 
take place during peak hours, and bike-to-bike and bike 
trip times account for an average of 27% of the total trip 
time. For the correct distribution of transport resources 
in the city and the prompt response to various incidents, 
the city administration needs to understand how traffic 
flows change during the day, and in emergencies. The ar-
ticle [51] is devoted to the subway daily traffic fluctuation 
study. The authors use data from more than a million trips 
over five working days with normal weather conditions 
in Nyanzhin city. The researchers identify the coefficient 
of increase in traffic during peak hours, analyze and com-
pare passenger traffic on different metro lines and at dif-
ferent stations. The authors use thermodynamic diagrams 
to visualize the inflow and outflow of passengers at sta-
tions. This representation allows researchers to identify 
congestion in the metro in the city. Also, it helps to visual-
ize the features of passenger traffic in the city. The article 
[34] is devoted to the accident impact study on the city 
transport system. The authors found that medium-term 
disruptions can have long-term consequences for the 
travel patterns of long-term users of the affected infra-
structure. They note that their method is one of the first 
in this area, using passively collected data. Other studies 
in this area use data from questionnaires or surveys that 
require participation from passengers. One of the main 
problems of modern megacities is their monocentric. Ac-
cording to our study [9], the working districts of Moscow 
are concentrated in the center of the city. This leads to the 
fact that urban residents from peripheral areas are forced 
to spend a lot of time traveling to their places of work and 
also stimulates the use of personal transport. This leads 
to an increase in harmful emissions into the atmosphere 
in the city center. The study [31] is devoted to identifying 
spatiotemporal patterns of trips to work for public trans-
port passengers in Beijing. Using one month’s smart card 
validation data, the authors identify the places of work 
and residence of individual passengers, as well as the 
time of their departure. Visualization of the obtained data 
showed significant differences between workplaces and 
residences in Beijing. The study materials are useful to 
build a balanced transport system in a monocentric city. 
The validator data contains not only information on gen-
eral traffic flows and individual traffic behavior, but also 
indirect features describing the transport network users. 
For example, information on the smart card validation 
can also be used to obtain socioeconomic features de-
scribing their users. Such data are useful for the rational 
allocation of social subsidies, the detection of potential 
fraud with social smart cards, and for solving other ap-
plied problems. Modern methods for assessing socio-
economic behavior are based on data on the behavior 
of users in cyberspace, for example, on data from social 

networks [6]. Article [14] proposes an approach to assess 
the socioeconomic status of a smart card user based on 
deep learning. This approach combines the mass nature 
of modern methods based on data, but at the same time 
works with data on real, not virtual, user behavior. The 
paper illustrates the application of the proposed method 
on the Shanghai SCD dataset containing data on more 
than a million smart card users. Data similar in nature 
to smart card validator data can be collected in other 
ways. The paper [19] proposes an approach for calculat-
ing travel time based on data from Wi-Fi scanners. With 
this approach, passenger devices with a Wi-Fi receiv-
er, such as a smartphone or tablet, act as a smart card, 
the MAC addresses of their devices act as a passenger 
identifier, and a Wi-Fi scanner acts as a validator. This 
approach makes it possible to obtain data that can be 
used for analysis by the methods described above and 
expand their scope. It is important to note that modern 
mobile operating systems may prevent such tracking of 
device owners to increase privacy. When connected to 
Wi-Fi, such devices generate random MAC addresses, 
which limits the application of the method proposed 
above. Alternatively, an approach can be proposed that 
uses unique Bluetooth addresses instead of Wi-Fi MAC 
addresses. Quite a lot of popular wearable wireless de-
vices use this technology (wireless headphones, fitness 
bracelets, and others), while the Bluetooth address of 
these devices does not change when connected. Cur-
rently, the development and implementation of alterna-
tive payment methods to smart cards are underway. An 
example is the introduction of a payment system using 
face scanning in the Moscow metro. When using such 
systems, data on the validation of the transport system 
user is also saved, so smart card data analysis methods 
will not lose their relevance. Let us summarize all the 
presented methods for analyzing individual transport 
data in the Table 4.

Table 4
Problems and bibliography

Problem Bibliography

Taxi research and 
optimization

[22], [24], [45], [48], [12]

Public transport research 
and optimization

[27], [53], [41], [37], [39], 
[36], [51], [34], [31

Identification and research 
of transfers

[23],[54]

City road congestion  
assessment

[30], [28]

Reducing harmful emissions 
in megacities

[28], [52], [40], [50]

Transportation mode pre-
diction 

[7], [16], [35], [29]

Pedestrian network research [38], [55], [46], [25]
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4. Discussion
Our literature review shows that there are many 

methods for solving urban transport management 
problems. In addition, there are ready-made platforms 
that combine groups of such them. Typically, such 
platforms, for example [18], con tain a fixed set of 
algorithms that solve some previously known set of 
problems. Other platforms, such as [26], fix a specif-
ic problem-solving method. In [26], an architecture 
based on neural networks is fixed for solving regres-
sion problems. Such algorithms have low explainabil-
ity and can be difficult to tune. We propose a new ap-
proach to the platform architecture for data analysis in 
digital urbanism. Amount of tasks that arise in urban 
infrastructure management reduces to the tasks of find-
ing deviations from some given “normality”. Thus, to 
solve them, the platform must provide modules for 
working with the initial data, and modules for describ-
ing/obtaining normality and searching for deviations 
from it. There are two data processing modules. The 
first is for reading and loading data, storing it, and also 
checking the correctness of the data type. It is import-
ant to note that in urban studies, most of the analyzed 
data can be reduced either to correspondence matrices 
(cellular operator data, aggregated GPS, or smart card 
data) or to a form similar to that presented in Table 
1 (individual GPS data, smart cards). This feature al-
lows you to work with data from different sources in a 
unified way. The second module is responsible for the 
semantic validation of the submitted data according to 
heuristic rules. The third module of the platform pro-
vides some standard ways of describing normalities 
and methods for detecting deviations. As an example, 
the normality model presented in [8] can be taken. 
The API module will allow developers to define their 
own “normalities” and deviation-detecting methods. 
This module will allow the platform to overcome the 
limitations of existing platforms in the form of a fixed 
range of tasks to be solved and a fixed architecture for 
their solution since new normality and deviation-de-
tecting methods can be defined on any data of one of 
two standard types. The results of the algorithms must 

be visualized in a form convenient for perception. The 
platform must contain a data visualization module to 
do this. One of the important parts of such a platform is 
methods for implementing visualization on city maps, 
and graphs. Ready-made solutions, such as [2], can be 
used as the basis for such methods. The platform ar-
chitecture diagram is shown in Fig. 1

According to this architecture, it is possible to 
create a comprehensive platform for data analysis in 
urban studies. The main advantages of such a platform 
are the ability to work with different data sources, and 
the ability to dynamically expand the base of platform 
analysis methods using the API, which will eventually 
expand the range of tasks to be solved with low labor 
costs.

Conclusion

In this article, individual transport data analysis 
methods are considered. Many of these methods can 
help cities design transportation systems. Data sourc-
es, combined with new methods of analysis, help to 
better understand the transport needs of urban resi-
dents and improve the comfort of their movement, 
as well as reduce travel time. Modern data sources 
allow answering questions about when, where, and 
how citizens move. We propose a platform architec-
ture that will allow us to combine many urban data 
analysis algorithms from different sources. This ar-
chitecture allows developers to describe the concept 
of normality and deviations themselves, which makes 
it possible to dynamically expand the range of avail-
able algorithms. The next step in the development of 
transport systems in the cities of the future may be the 
development of self-driving vehicles, which will pro-
vide a higher quality of service and lower operating 
costs. In recent years, the development of robotic cars 
[11], as well as the concepts of their interaction with 
regular cars driven by people and pedestrians [43,47], 
are actively carried out. In many respects, this be-
came possible due to the development of algorithms 
for computer vision [21,42], depth estimation [32,44], 

Fig. 1. The platform architecture diagram
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and three-dimensional object detection using LiDAR 
data (3D-object-detection) [49]. With the widespread 
use of self-driving vehicles, there will be opportunities 
for building automated logistics systems (autonomous 
logistics), where artificial intelligence solves not only 
the tasks of traffic flow planning but also the direct 
transportation of goods or passengers [5].
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