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Recently, the issue of determining actual values of passenger 
flow processed by urban public and suburban transport on each 
section of the route in real time has become even more relevant 
since those values affect planning, organisation of operations and 
performance of transport enterprises.

It is not possible to assess the real volume of passenger flow 
with the number of tickets issued to passengers due to the large 
number of unaccounted passengers (the discrepancy between the 
number of tickets issued to passengers and the real number of 
passengers transported).

The objective of the study which results are described in the 
article was to develop an intelligent system for calculating and 
analysing the transport enterprise performance, which allows 
automatically collecting, processing and analysing information about 
passenger flows, calculating the passenger rotation ratio on the 
route, drawing up optimal bus schedules and timetables, adjusting 
vehicle traffic intervals, determining the need for rolling stock to 
minimise the likelihood that a passenger is denied boarding, 

improving the quality of passenger service and reducing the 
operating costs of a transport enterprise.

Real-time calculation of passenger flow values for each vehicle 
on the route of urban public transport is carried out by a quantitative 
method based on artificial neural network technology, which allows 
automatic processing of a large amount of information from CCTV 
cameras installed in vehicle interiors.

The use of theoretical research methods helped to create an 
intelligent system capable to analyse and compare the number 
of tickets issued to passengers with the actual number of 
passengers transported on Samara city public transport route, 
the results were displayed through a graphical user interface. It 
was possible to reveal dependences of the number of unaccounted 
passengers on the route on the amount of passenger flow and 
the time of day.

A possibility of using the proposed intelligent system in 
commuter trains was noted, provided that the cars are equipped 
with video surveillance cameras.
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INTRODUCTION

The activity of passenger transport enterprises 
are evaluated by quantitative and qualitative 
indicators characterising, among other things, 
the number of rolling stock and the level of its 
productivity [1–3] .

Quantitative indicators determine the income 
of the enterprise from transportation activity, the 
number of passengers transported and passenger 
turnover . The values of passenger flow on each 
section of the route reflect the effectiveness of 
operation of certain vehicles .

The rate of technical readiness, the number 
of the units of the fleet, the coefficient of output, 
as well as duration of a vehicle operation, the 
mileage utilisation rate, and the speed on the 
route per line are related to the quality indicators 
of the work of the transport enterprise .

For transport enterprises, it is important to 
reduce operating costs and improve the quality 
of passenger service .

If we consider the example of urban public 
transport, then passengers make their choice in 
favour of a particular mode of transport based on 
regularity of traffic and occupancy of vehicles, 
especially during peak hours . The supply of 
vehicles should be carried out with such 
a quantity that will allow satisfying the entire 
passenger flow in each direction during «peak» 
periods and reducing the likelihood that 
a passenger is denied boarding . All this is 
possible only if accurate data on the magnitude 
and fluctuations of a passenger flow on each 
section of the route are available [4–5] .

Collection and analysis of real time data on 
the number of passengers transported will allow 
making informed decisions about the number of 
vehicles operating on the route, rational planning 
of the work schedule of drivers and developing 
bus schedules in such a way as to satisfy all 
passengers during «peak» periods with proper 
quality of the service .

It is not possible to estimate the real size of 
passenger flow by the number of tickets issued to 
passengers due to the large number of unaccounted 
passengers (the discrepancy between the number 
of tickets issued to passengers and the real number 
of passengers transported) . It is important to obtain 
data on the amount of passenger flow per each 
hour of the day on each section of the route to 
draw up optimal work schedules and timetables 
for vehicles, assess the efficiency of using the 
working fleet of vehicles and reduce the operating 
costs of the enterprise . At the same time, it is 

necessary to analyse and process a large amount 
of information, calculate, and adjust quantitative 
and qualitative indicators, which is impossible 
without a modern intelligent system capable of 
automatically collecting, analysing, and updating 
data in real time .

The issue of determining the values of 
passenger flow on each section is relevant for 
commuter railways as well . It is important to 
record and track passengers in commuter trains, 
not only to ensure safety and security, but also 
to identify the demand for this direction, to 
determine a possibility of accounting for 
passengers transported between specific stations, 
to decide to add or reduce the number of cars in 
the commuter train .

The objective of the work is to develop an 
intelligent system based on an artificial neural 
network for calculating and analysing the 
transport enterprise performance, which allows 
processing and analysing information about 
passenger flows, data on occupancy of rolling 
stock per sections and along the entire length of 
the route, the results of calculating quantitative 
and qualitative indicators, comparing the number 
of tickets issued to passengers with the actual 
number of passengers transported on the route .

RESULTS
The proposed intelligent system consists of 

the following modules [6]:
1) A module that allows determining the real 

values of passenger flows by a quantitative 
method based on the use of artificial neural 
networks technology . At this stage, a database is 
created containing information on the number of 
boarding and disembarking passengers at 
stopping points during each period of time .

2) A module that allows comparing all 
conducted transactions with the coordinates of 
the location of the vehicle at each period of time . 
At this stage, we obtain a database on the number 
of issued travel documents on the public transport 
route .

3) An analytic module that allows, based on 
data from the previously described modules, 
evaluating quantitative and qualitative indicators 
of a transport enterprise, comparing the number 
of tickets issued with the actual number of 
passengers transported on the route . Flexible 
grouping per routes, days of the week, seasons 
is provided .

The first module allows automatic counting 
passengers on each section of the route of each 
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vehicle, solves the problem of systematising data 
on passenger flows with given parameters, 
determines the occupancy rate of the vehicle 
between stops, and calculates the passenger 
rotation rate on the route .

In general, the analysis of fluctuations in 
passenger flow makes it possible to obtain 
information about the demand regarding 
a particular direction and to identify patterns of 
formation of passenger flow both for each route 
separately and throughout the entire transport 
network .

The complexity of collecting such data is 
associated with the large volume and variability 
of information, as well as with the absence of 
special technical tools that allow collecting data 
on the number of passengers carried on each 
section of the route [7; 8] . Currently, the only 
acceptable way to collect data on the number of 
passengers transported on each section of Samara 
urban district route is a tabular method that 
allows recording passengers entering and leaving 
the vehicle .1 The use of this method is associated 
with large financial costs in the case of using 
special technical means (sensors) installed in the 
doors of the bus, or significant labour and 
financial costs in the case of using a human 
resource: an employee who counts boarding and 
disembarking passengers must be located in the 
bus cabin, however the application of this 
approach is characterised by a large error in the 
output data associated with the human factor . In 
turn, it is necessary to regularly update 
information on passenger flows to make optimal 
decisions on the number of vehicles operating 
on the line, to develop the work schedule of 
drivers and ticket- checkers, to schedule traffic to 
meet the entire passenger demand during the « 
peak» period [9–11] . This is of particular 
importance in an environment of dynamically 
developing urban infrastructure and urban public 
transport network .

The paper, to identify passenger flows in real 
time, proposes a method based on the technology 
of artificial neural networks [12–15] . Artificial 
neural networks cover an array of popular 
machine learning methods that mimic the 
learning mechanisms inherent to biological 
organisms .

The input data for calculating passenger flows 
(module 1 of the developed intelligent system) 

1 Public transport of Samara region . [Electronic resource]: 
http://www .samaratrans .info . Last accessed 03 .12 .2021 .

are data from video surveillance cameras in the 
interiors of vehicles, which, according to 
transport security requirements, are installed in 
almost every bus operating on the line and are 
directed to the passenger compartment and 
entrance doors .

An artificial neural network receives 
information from CCTV cameras aimed at the 
entrance doors and recognises passengers 
entering or leaving the vehicle . To increase the 
accuracy of identification, it is possible to 
rearrange cameras so that they shoot vertically 
downwards . This will reduce the likelihood of 
passengers overlapping the image .

The developed intelligent system within the 
framework of the first module is capable of 
tracking passengers, that is, determining the 
direction of movement of passengers: whether 
they are entering or leaving the bus . The system 
also eliminates the possibility of re-counting 
passengers since for each stop a temporary array 
is created with data on each passenger, which is 
cleared when the doors are closed . An intelligent 
system based on an artificial neural network, 
because of processing data from CCTV cameras, 
determines the number of passengers carried on 
each section of the route (Pic . 1) .

The occupancy of the vehicle on each section 
is calculated as follows:

1 1( ) ( )i i i i i iH H B C− + − −= + − , (1)
where (i-1) and i ‒ stopping points;

1( )i iH − −  ‒ the number of passengers transported 
through a given section (data obtained by 
counting passengers by the proposed intelligent 
system);

 iB  ‒ the number of people entering the 
vehicle at the stopping point i;

 iC  ‒ the number of people exiting at the 
stopping point i .

The second module allows displaying in the 
graphical user interface the data on the number 
of tickets sold for each vehicle, indicating the 
date, time, stop where the ticket is purchased .

The input data for the second module are 
arrays of transactions and data on the location of 
vehicles received from the GLONASS navigation 
satellite system .

The third module allows, based on the data 
generated by the previously described modules, 
assessing quantitative and qualitative indicators 
of operation of a motor transport enterprise, 
calculating operating costs, drawing up optimal 
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schedules and timetables for buses, adjusting 
vehicle traffic intervals, and determining their 
occupancy to minimise the likelihood of 
a passenger being denied boarding, getting 
a comparative analysis of the number of issued 
tickets with the actual values of the number of 
passengers travelling along the route .

The probability of denial to board a passenger 
Рden is the proportion of passengers who, due to 
overcrowding of the vehicle, decided to stay at 
the stopping point, and passengers who boarded 
the vehicle despite the inadequate quality of the 
transport service provided:

21
22

exp( )den

х
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P dy

∞

= −
π ∫  (2)
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+ − ⋅λ
=

⋅λ
 and x y≤ ≤ ∞ ,

where q ‒ maximum capacity of the vehicle, pass . 
(value determined by the design of the rolling stock);

λ ‒ average intensity of passenger flow on 
a certain section of the route, pass/min;

I –  traffic interval [interval between the buses 
following the same route], min .

For the purpose to obtain Рden → min, the 
system proceeds with an accurate calculation of 
the passenger flow, adjustment of the traffic 
intervals of vehicles and their timetable .

Thus, using the developed intelligent system 
based on an artificial neural network, within the 
framework of the first module, a preliminary 
analysis of data on ten urban routes of the motor 
transport enterprise of Samara city district was 
performed . An array of data on occupancy of 
buses operating on each route was obtained . For 
example, Table 1 shows a fragment of the 
database on occupancy of the bus operating on 
route 41 of Samara city district and making the 
first trip on a weekday .

The proposed intelligent system processes 
a large array of data on the number of passengers 
transported by each vehicle on each section of 
the route per journey, shift, day, etc . It is possible 

Pic. 1. Automatic calculation of incoming and disembarking passengers [performed by the authors].

Table 1
Data on occupancy of the bus of the route 41 of Samara city district

[performed by the authors]
Stopping point Disembarked, 

pass .
Embarked, 
pass .

Occupancy, 
pass .

Disembarked, 
pass .

Embarked, 
pass .

Occupancy, 
pass .

15th «A» mikroraion 
[microdistrict]

0 9 9 0 4 4

Karla Marksa pr . 4 11 16 1 6 9
………………………………………………………………………………………………………………… 
«Yunost» 
univermag 
[department store]

10 0 0 5 0 0

Pic. 2. Cartogram of distribution of passenger flows by hours of the day on a weekday [performed by the authors].
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Pic. 3. Cartogram of distribution of passenger flows by hours of the day on a weekend [performed by the authors].

Table 2
Data on routes of the Samara city district [performed by the authors]

No . 
of the 
route

Average 
passenger flow 
per day, pass .

Working hours Traffic intervals Number of vehicles on 
the line

% of unaccounted 
passengers

1 6882 Daily: from 6 a . m .
till 10 p . m .

Weekday: 8‒20 min,
weekend: 16‒35 min .
In the evening (after 7 p . m .): 
20‒60 min

Weekday 18‒20,  
weekend 10‒14

13,1

2 4619 Daily: from 6 a . m .
till 10 p . m .

Weekday: 8‒17 min,
weekend: 12‒40 min .
In the evening (after 8 p . m .): 
25‒76 min

Weekday 10,  
weekend 7

9,6

22 1897 Daily: from 6 a . m .
till 10 p . m .

Monday, Tuesday, Thursday: 
10‒28 min,
Wednesday, Friday:
20‒40 min,
weekend: 14–60 min .

Monday, Tuesday, 
Thursday 7,  
Wednesday, Friday 5,  
weekend 4

7,7

23 3909 Weekday:
from 5 a . m .
till 11 p . m .
Weekend: from 7 a . m . 
till 10 p . m .

Monday, Tuesday, Thursday: 
14‒30 min,
Wednesday, Friday:
18‒39 min,
weekend: 13‒69 min .

Monday, Tuesday, 
Thursday 12,  
Wednesday, Friday 10,  
weekend 6

8,9

34 17715 Weekday:
from 5 a . m . till 11 p . m .
Weekend: from 6 a . m . 
till 11 p . m .

Weekday: 3‒8 min,
weekend: 6‒12 min .
In the evening (after 8 p . m .):
15‒46 min .

Weekday 38,  
weekend 18‒23

24,3

37 6061 Daily: from 6 a . m .
till 10 p . m .

Weekday: 8‒21 min,
weekend: 10‒25 min .
In the evening (after 7 p . m .): 
15‒40 min .

Weekday 20,  
weekend 10

10,5

41 17978 Weekday:
from 5 a . m . till 11 p . m .
Weekend: from 5 a . m . 
till 10 p . m .

Weekday: 4‒10 min,
weekend: 5‒12 min .
In the evening (after 8 p . m .): 
15‒30 min .

Weekday 35,  
weekend 24‒28

25,1

50 6652 Daily: from 6 a . m .
till 11 p . m .

Weekday: 10‒22 min,
weekend: 12‒25 min .
In the evening (after 8 p . m .): 
25‒60 min .

Weekday 18‒20,  
weekend 10

11,8

67 17379 Daily: from 5 a . m .
till 11 p . m .

Weekday: 4‒8 min,
weekend: 6‒12 min .
In the evening (after 8 p . m .): 
10‒26 min .

Weekday 35‒40,  
weekend 26‒30

23 .4

to collect, organise and present data in any 
convenient format: in the form of tables, 
diagrams, schemes, drawings, etc . for any period .

So, for example, Pics . 2 and 3 show 
cartograms of distribution of passenger flows for 
route 41 of Samara city district by hours of the 
day .

With the help of an intelligent system, the 
rates of non-uniformity of passenger flow 

(regarding hours of the day, directions of 
travelling, duration of the journey) as well as the 
rate of the use of bus capacity on each route, etc ., 
were revealed .

As part of the operation of the second 
module, a database was obtained on the 
number of issued travel documents for each 
vehicle, indicating date, time, stop of ticket 
purchase . These data are compared with data 
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Pic. 5. Dependence of the number of unaccounted passengers on time of day [performed by the authors].
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on actually transported passengers on the 
routes under consideration .

The execution of operations within the 
framework of the third module supposes an 
automatic calculation and evaluation of 
quantitative and qualitative indicators of the 
transport enterprise, a comparison of the number 
of passengers, supplied with tickets, with the 
actual value of passengers transported on the 
route .

The proposed intelligent system compiles 
optimal schedules and timetables for circulation 
of buses, adjusts the traffic intervals, determines 
the need for operated rolling stock depending on 
passenger flow (Table 2) to minimise the 
likelihood of denial to board a passenger and 
reduce the operating costs of a motor transport 
enterprise .

The average values of discrepancy between 
the actual number of passengers transported and 
the data on transactions carried out were obtained 
for ten urban routes of the motor transport 
enterprise of Samara city district, which are 
shown in Table 2 . The percentage of unaccounted 
passengers is calculated for each vehicle 
operating on the route during each period . It is 
also possible to evaluate the conscientiousness 

of drivers based on data on unaccounted 
passengers for each shift on the route in question .

As a result of data analysis, we obtain the 
dependence of the number of unaccounted 
passengers on the route on the size of the 
passenger flow (Pic . 4) and on the time of day 
(Pic . 5) .

Thus, we can conclude that the number of 
unaccounted passengers can reach 25 % of the 
total number of passengers transported on the 
route per day .

The more significant is the passenger flow on 
the route, the greater is the discrepancy between 
the number of actually transported passengers 
and the data on transactions .

It should also be noted that most of the 
unaccounted passengers fall on the «peak» 
periods of the day .

CONCLUSION
The proposed intelligent system for 

calculating and analysing the performance of 
a transport enterprise, based on the use of 
artificial neural network technology, allows 
calculating the values of passenger flow in real 
time for each vehicle on the route of urban 
public transport, analysing quantitative and 
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Pic. 4. Dependence of the number of unaccounted passengers on the magnitude of the passenger flow [performed by the authors].
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qualitative indicators of operations, comparing 
the number of issued tickets with the actual 
number of passengers transported on the route 
with the further output of the results to 
a graphical user interface . This, in turn, makes 
it possible to draw up optimal schedules and 
timetables for circulation of vehicles, adjust the 
traffic intervals, determine the need for vehicles 
to minimise the likelihood of denial to board 
a passenger and reduce the costs of a transport 
enterprise .

The application of the proposed system is 
also possible on commuter railways to create 
a possibility to account the number of passengers 
transported between specific stations, decide to 
add or reduce the number of cars within 
a commuter train .

REFERENCES
1 . Korganbai, A . Zh . L ., Sarsenov, A . E . The results of 

the study of qualitative indicators of the work of urban 
passenger transport [Rezultaty issledovaniya kachestvennykh 
pokazatelei raboty gorodskogo passazhirskogo transporta] . 
Sovremennie nauchnie issledovaniya i inovatsii, 2021, Iss . 1 
(117), P . 10 . [Electronic resource]: https://elibrary .ru/item .
asp?id=44655068 . Last accessed 28 .02 .2023 .

2 . Kbilashvili, D ., Chogovadze, Ju ., Gogiashvili, P ., 
Lekveishvili, G . Analysis of the results of a pilot study of 
problems existing in passenger traffic by urban passenger 
transport . Bulletin of Science and Practice, 2018, Vol . 4, 
No 5, pp . 231–238 . DOI: 10 .5281/zenodo .1246177 .

3 . Chumachenko, I . V ., Davidich, Yu . A ., Galkin, A . S ., 
Davidich, N . V . Quality assessment of passenger transportation 
by urban transport while using various number of fixed- route 
transport facilities [Otsenka kachestva perevozki passazhirov 
gorodskim transportom pri razlichnom kolichestve 
transportnykh sredstv, rabotayuschikh na marshrute] . Science 
& Technique, 2017, Vol . 16, Iss . 5, pp . 415–421 . 
DOI: 10 .21122/2227-1031-2017-16-5-415-421 .

4 . Fadeev, A . I . The task of determining the actual routes 
in the traffic control system using satellite navigation . IOP 
Conf. Series: Materials Science and Engineering, 2019, 
Vol . 537, Iss . 2, 022043 . DOI: 10 .1088/1757-899X/537/2/ 
022043 .

5 . Fadeev, A . I ., Alhusseini, S . Passenger trips analysis 
determined by processing validation data of the electronic 
tickets in public transport . IOP Conference Series: Materials 
Science and Engineering, International Conference Aviation 
Engineering and Transportation (AviaEnT 2020), 21st-26th 
September 2020, Irkutsk, Russia, Vol . 1061, 012001 . 
DOI: 10 .1088/1757-899X/1061/1/012001 .

6 . Leonova, S . A . Ensuing security in urban public 
transport [Obespechenie bezopasnosti na gorodskom 
obschestvennom transporte] . In: Transport security issues 
[Problemy bezopasnosti na transporte]: Proceedings of 12th 

International scientific- practical conference devoted to the 
160th anniversary of Belarus railway (Gomel, November 
24–25, 2022): in 2 parts . Part . 2 . Ministry of Transport and 
Communications of the Republic of Belarus, Belarus railway, 
Belarus State Transport University . Kulazhenko, Yu . I . (Gen . 
ed) . Gomel, BelSTU publ ., 2022, 447 p ., pp . 131–133 . 
ISBN 978-985-891-071-6 (P . 2) . [Electronic resource]: 
https://www .elibrary .ru/download/ elibrary_49904770_ 
88286874 .pdf . Last accessed 28 .02 .2023 .

7 . Derr, E . S ., Kiselev, V . A ., Goryachkina, I . N . Methods 
and means of surveying passenger flow [Metody i sposoby 
obsledovaniya passazhiropotoka] . Modern automotive 
materials and technologies (SAMIT-2020): Collection of 
articles of 12th International scientific- technical conference 
devoted to the 25th anniversary of the department of 
technology of materials and transport, Kursk, October 23, 
2020 . Kursk, South- Western State University, 2020, pp . 98–
101 . [Electronic resource]: https://elibrary .ru/item .
asp?id=44160578 . Last accessed 28 .02 .2023 .

8 . Koleber, Yu . A . Methods for surveying route passenger 
flows on public passenger transport in cities [Metody 
obsledovaniya marshrutnykh passazhiropotokov na 
passazhirskom transporte obshchego polzovaniya v 
gorodakh] . NovaInfo .Ru, 2018, Iss . 87, pp . 38–43 . 
[Electronic resource]: https://novainfo .ru/res/ojrm7bjocp .pdf . 
[Full issue] . Last accessed 28 .02 .2023 .

9 . Hui, Bo; Yan, Da; Chen, Haiquan; Ku, Wei- Shinn . 
TrajNet: ATrajectory- Based Deep Learning Model for Traffic 
Prediction . KDD ‘21: Proceedings of the 27th ACM SIGKDD 
Conference on Knowledge Discovery & Data Mining, August 
2021, pp . 716–724 . DOI: https://doi .org/10 .1145/3447548 . 
3467236 [limited access] .

10 . Weiming Liu, Xiaorui Du, Qinghua Geng, 
Jingning Li, Haiyu Li, Lan Liu . IOP Conference Series: 
Materials Science and Engineering, Vol . 688, Iss . 4, 044025 . 
DOI: 10 .1088/1757-899X/688/4/044025 .

11 . Liu, G ., Yin, Z ., Jia, Y ., Xie, Y . Passenger flow 
estimation based on convolutional neural network in public 
transportation system . Knowledge- Based Systems, 2017, 
Vol . 123, pp . 102–115 . DOI: https://doi .org/10 .1016/j . 
knosys .2017 .02 .016 .

12 . Menezes de, Á . L . L ., Almeida de, R . C, Almonfrey, D ., 
Nunes, R . B . Using Artificial Intelligence for Obtaining 
Vehicle Occupancy Using Security Cameras . 2021 14th IEEE 
International Conference on Industry Applications 
(INDUSCON), São Paulo, Brazil, 2021, pp . 635–639 . 
DOI: 10 .1109/INDUSCON51756 .2021 .9529418 .

13 . Velastin, S . A ., Fernández, R ., Espinosa, J . E ., Bay, A . 
Detecting, Tracking and Counting People Getting On/Off 
a Metropolitan Train Using a Standard Video Camera . 
Sensors, 2020, Vol . 20, Iss . 21, 6251 . DOI: https://doi . 
org/10 .3390/s20216251 .

14 . Bernardin, K ., Stiefelhagen, R . Evaluating Multiple 
Object Tracking Performance: The CLEAR MOT Metrics . 
Eurasip Journal on Image and Video Processing, 2008, Art . 
246309 . DOI:10 .1155/2008/246309 .

15 . Brunetti, A ., Buongiorno, D ., Trotta, G . F ., 
Bevilacqua, V . Computer vision and deep learning techniques 
for pedestrian detection and tracking: A survey . 
Neurocomputing, 2018, Vol . 300, pp . 17–33 . DOI: https://doi . 
org/10 .1016/j .neucom .2018 .01 .092 .  •

Information about the authors:
Moskvichev, Oleg V., D.Sc. (Eng), Associate Professor, Head of the Department of Operations Management of Samara State 

Transport University, Samara, Russia, moskvichev063@yandex.ru.
Leonova, Svetlana A., expert of educational and methodological department, Senior Lecturer at the Department of Operations 

Management of Samara State Transport University, Samara, Russia, s.leonova@samgups.ru.
Vasiliev, Dmitry V., Senior Lecturer at the Department of Operations Management of Samara State Transport University, Samara, 

Russia, vasilyevdmitriy.str@gmail.com.

Article received 28.02.2023, approved 15.05.2023, accepted 18.05.2023.

•  World of Transport and Transportation, 2023, Vol. 21, Iss. 2 (105), pp. 185–191

Moskvichev, Oleg V., Leonova, Svetlana A., Vasiliev, Dmitry V. Using an Artificial Neural Network 
to Record and Analyse the Performance Indicators of a Transport Enterprise


