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The purpose of the work is to analyze and improve modern
methods of studying the parameters of traffic with using of
unmanned aerial vehicles. The basis of the analysis of the
current state of the problem is the necessity of developing a
new way of studying the parameters of traffic for increasing
the efficiency of transport research. The method of studying
the parameters of traffic in which the use of unmanned aerial
vehicles with a digital video camera will allow the study of
traffic parameters in different places of the street-road
network by flight and hovering over the necessary areas of the
street-road network with the receipt of video recording of
traffic. For realization of the presented method of studying
traffic, an algorithm for conducting studies of parameters of
transport and pedestrian flows has been developed. Require-
ments for the technical means for carrying out researches are
described and the possible variants of researches using the of-
fered method are described.

Keywords: transport research, efficiency improvement, traffic
flow, pedestrian flow, research algorithm, street-road
network.

Introduction. Owning information on the current
state of the problems in transport, obtained through a
variety of research methods and data analysis, is a pre-
requisite for planning and designing a street-road net-
work (RN) and improving road traffic organization.
This is the basis for substantiating the proposed solu-
tions on compliance with existing problems, eliminating
existing deficiencies and improving the conditions of
the transport system. The rapid growth of automation
requires a systematic approach to ensure the functioning
of the field of road traffic. The basis of this approach is
the study of connections and dependencies in the system
"Road conditions — traffic flows".

It is known that speed is the most important pa-
rameter of a traffic flow and determines the traffic per-
formance. However, along with the speed, the first of
two main target traffic functions is still traffic safety. In
order to perform tasks related to salvage and assistance,
special-purpose vehicles of the operational services
should be able to move quickly and safely in difficult
road-transport conditions. However, the growth of au-

tomobile leads to over-saturation of vehicles on RN,
which significantly influences the main parameters of
the traffic flow, in particular on speed, density and traf-
fic intensity. Therefore, the specified requirements for
the movement of special vehicles cannot always be
combined in practice. The above example is one of
many current issues to solve, which will help develop
and implement new methods for studying traffic param-
eters.

Formulation of the problem. Transport research
is a process of collecting information about a road or
other mode of transport. The purpose of such research is
to create preconditions (by getting initial data) for plan-
ning, designing and optimizing in the system "Road
conditions — traffic flows". Also, the data obtained by
the above will be useful for optimizing the routes of
traffic of special vehicles and the safety of their move-
ment [1].

In today's conditions, in most cases, the collection
of information on the parameters of transport and pedes-
trian flows is carried out by the method of field observa-
tions, which involves the involvement of a number of
accounting targets. However, with the development of
advanced technologies, the possibility of their applica-
tion in various areas of human activity raises the ques-
tion of the feasibility of involving a large number of
people in conducting transport research. Therefore, the
issue of maximal automation of such activity with the
attraction of a minimum number of researchers seems to
be actual.

Taking into account the above, improving the effi-
ciency of research of parameters of transport and pedes-
trian flows by developing a new method of conducting
road traffic parameters is an actual task of the present
day and has a scientific and practical value.

Analysis of recent research and publications.
The authors of this work have begun studies in the fore-
ground [1, 2], but they relate mainly to the analysis of
the current state of the problem and the coverage of per-
spective directions of study of traffic parameters. Simi-
lar issues were considered in [3], where the author car-
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ried out an analysis of perspective directions of the use
of quadrocopter in the elimination of fires and emergen-
cy situations, as well as other studies.

It is also worth noting the work of foreign scien-
tists, where such issues were considered. In particular,
in [4] the possibility of using quadrocopter devices for
studying the parameters of pedestrian flows is consid-
ered. [5] examines the use of an unmanned aerial vehi-
cle (UAV) for collecting traffic data, in particular defin-
ing the type of vehicle and tracking its traffic. The pos-
sibility of monitoring traffic flows using UAVs and fur-
ther processing of received video materials is presented
in [6]. The article [7] considers the optimization of
UAVs routes for gathering information on traffic flows.
However, the given work deals only with certain cases
of research and information gathering, therefore, it is
necessary to develop a method for studying the parame-
ters of the traffic, which would provide an increase in
the efficiency of research of parameters of transport and
pedestrian streams for solving problems in the field of
traffic organization and other related sectors of activity.

Purpose of the article. The purpose of the work is
to analyze and improve modern methods of studying the
parameters of traffic with using of UAV.

Main content. In order to obtain traffic intensity
indicators in the section of roads, data from short-term
observations of intensity and composition of the flow at
a stationary accounting point can be used. The calcula-
tion of the intensity of traffic in this case is carried out
with the obligatory division of the flow composition by
capacity, indicating the time and date of observation.
However, taking into account the costs necessary for the
establishment and maintenance of stationary points of
study of traffic, for the study of road traffic indicators it
seems expedient to use modern technical means for fix-
ing traffic flows, which would limit the need to attract
people for research [8]. In the aforementioned direction,
it was suggested to use a method with the use of a DVR
for the study of road parameters (Ukrainian Patent
Ne79573).

This method of studying the parameters of traffic
involves the use of a DVR installed in a passenger car.
The car is parked in the place of RN, which is necessary
for research, and the study of the parameters of traffic
[8] is underway.

Video registration can be carried out both in the
presence of a person and autonomously. After conduct-
ing the necessary research, the results are processed by
the use of a personal computer. The obtained data can
be displayed in the form of tables or charts depending
on the task of the research. For conducting research it is
expedient to determine the intensity of motion by the
method of field observations using the method of 6-
minute intervals of time. This method is to measure the
number of cars on the section under study 6 minutes in
the morning (8.00) and evening (18.00) high periods, as
well as in the afternoon (13.30).

However, this method has a number of shortcom-
ings, since it provides for the fixation of the traffic flow
only in a certain section of RN.

For a more complete picture during the processing
of video materials, it would be advisable to ensure that
the camera is mounted on top of the subject under study
(for example, crossroads) in order to be able to compre-
hensively explore the parameters of motion in all direc-
tions. Here, the use of a quadcopter, which will allow
video recording of transport and pedestrian streams by
"hovering" above the intersections and obtaining better
video, looks promising. In the future, it can be pro-
cessed in the office environment, which will reduce the
number of researchers [1].

It is worth noting that today unmanned aircraft is
actively developing (development of UAVs, in particu-
lar drones, multicopters, etc.), since the scope of their
applications is extremely wide. Already today they are
used in many areas of human activity, in particular in
agriculture, during the construction of various objects
and structures, for search and rescue operations, deliv-
ery of correspondence, etc. Quadcopters have also
found their application in photography and cinematog-
raphy, because they can easily and inexpensively make
pictures from a height and at different angles. As we
see, world experience shows that quadcopter machines
can be an effective tool for monitoring and mapping the
territories, and research in this area is extremely im-
portant and promising [1].

Taking into account the above, a method of study-
ing the parameters of the traffic (the application for a
patent of Ukraine u 2017 08079) was developed. The
work of the method of studying the parameters of the
traffic consists in the use of UAV with a digital video
camera, flight and hovering over the necessary areas of
RN for receiving video recording for control of traffic
parameters. As a result, it is possible to reduce the reac-
tion time to change the parameters of the traffic, to re-
duce the time of obtaining data on the parameters of
traffic in the required places of RN by flight and the
freezing of the UAV with a digital video camera with
the receipt of video recording of the traffic process.

For the implementation of the proposed method of
studying the parameters of traffic with the use of UAV,
an algorithm for carrying out research on transport and
pedestrian flow parameters is presented (Fig.) [11].

Taking into account [1, 9], it is recommended to
use quadcopter with the following parameters for
transport studies [11]:

- a camera with high resolution (for clear video
shooting of transport and pedestrian streams);

- the possibility of GPS guidance (to increase the
effectiveness of positioning over a certain area of RN);

- the possibility of "hovering" over the specified
place (in order to obtain a clear video of the object un-
der study);

- auto-return in emergency situations (to prevent
loss of a quadcopter in the event of low battery charge
or poor signal of the control link);

- increased autonomy of work (to ensure continu-
ous video capture);

- increased range of information management and
communication (to enable the possibility of exploring
large sections of RN or a separate transport area).
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Selection and justification the place of RN for research

Stage 1
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Establishing the necessary places for fixing the parameters of
traffic and pedestrian streams in the selected area of RN

Stage 2
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Justification of the required length of video fixation the
place of RN with using UAV

Stage 3
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Selection of UAV with the necessary parameters
for conducting research

Stage 4
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Application of the UAV over the necessary sections of the studied area
of RN and video fixation of transport and pedestrian streams

Stage 5
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Processing of received video materials with completion of the
protocols for studying the parameters of traffic

Stage 6

7

Using the obtained data for modeling of transport and pedestrian
flows, forecasting their parameters, etc

Stage 7

!
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Conclusions on the effectiveness of the scheme of road traffic organization,
parameters of traffic control, estimation of the conflictology of transport
and pedestrian streams, etc

Stage 8

Fig. Structural diagram of the simulation model for studying the parameters of transport and pedestrian flows using
the proposed method [11]

Working out a video in office conditions will al-
low the researcher to obtain the following data [1, 9]:

- intensity and composition of traffic on RN;

- the intensity and composition of the traffic on the
roads that enter the city;

- intensity of pedestrian traffic;

- speed of traffic on RN;

- traffic delays at intersections and in separate sec-
tions of RN;

- the location and conditions of the parking of ve-
hicles;

- initial data to optimize the route of special vehi-
cles [10, 12];

- conditions of movement in points of periodic ac-
cumulation of people (stadiums, parks, stations, etc.).

So, as we see, the using of quadcopter in the field
of transport research will make it possible to substantial-
ly facilitate the work of researchers and increase the ef-
ficiency of their work, and the resulting video material
will also be useful during the educational process to im-
prove the quality of student perception of material.

Conclusions. The basis of the analysis of the cur-
rent state of the problem is the necessity of developing a
new way of studying the parameters of traffic for in-

creasing the efficiency of transport research. The meth-
od of studying the parameters of traffic, in which the
use of UAVs (dron, quadcopter, multicopter, etc.) with a
video camera, allows to study the parameters of traffic
in different places of RN by flight and hovering over the
necessary areas of RN with the receipt of video record-
ing of traffic. To implement the proposed method with
the use of UAV, an algorithm for conducting research of
transport and pedestrian flows parameters was devel-
oped. The requirements for UAV for conducting re-
search are outlined and possible research options are de-
scribed with the use of the proposed method.
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Macunak L.B., Poraascbknii P.B., I'pumiok C.A. Cy-
YacHi MeTOaW AOCTiKeHHs] apaMeTpiB JOPO:KHBOTO Py-
Xy.

Ha niocmasy ananizy cyuacmoeo cmawny npodiemu 00-
IPYHMOBAHO HEeOOXIOHICMb PO3POOIEHH: HOB020 CHOCOOY 00C-
JIOJNCEHHs. Napamempie O00POA*CHLO2O PYXY 05 NIOGUYEHHS
epexmueHocmi  MpaHCNOPpmMHUX  00Cniodicens. Posensnymo
Cnocib 00CIIONHCEHHS NAPAMEMPIE OOPOICHLO2O PYXY, 8 AKOMY
3acmocysanns 6e3nilomHo20 AMAnbHO20 anapamy 3 yugpo-
6010 8I0€OKAMEPOI0 0acmb 3M02y 30TUCHIO8AMU QOCTIONCEHHS
napamempie OOpOHCHLO20 PYXY 6 DISHUX MICYAX BVIUYHO-
00POHCHBOI Mepedrci WAXOM NOTbOMY Ma 3A8UCAHHAM HAO
HeOOXIOHUMU  OLIAHKAMU  8YIUYHO-O0PONHCHbOI  Mepedci i3
OMPUMAHHAM 8I0€03aNUcy 00POICHL020 pyXy. [na peanizayii
NpeocmasneHo20 cnocoby O0CTIONCEHHS OOPOACHLO2O DPYXY
PO3pOONEeHO aneopumm nposedeHHs. O0CHIONCEHb NAPAMempI8
MPAHCNOPMHUX Ma Niwoxionux nomoxie. OKkpecieno eumozu
00 MeXHIYHUX 3aC00i8 OISl NPOBeOeHH s 00CTIONCeHb MA ONU-
CAHO MOJICTUBI 8apiaHmu NPo8edeHHs OOCTIONCEHb 3 GUKODU-
CMAHHAM 3aNPONOHOBAHO20 CHOCODY.

Knrwuoei cnosa: mpancnopmui 00CniodxcenHs, niosu-
WeHHs1 eheKmusHoOCmi, MpPAaHCROPMHULL NOMIK, RIUOXIOHULL
NOMIK, ANOPUTM OOCTIOHCEHD, 8YIUYHO-O0PONHCHA MEPEHCA.

Hacunak U.B., Poraabckmii P.b., I'pumiok C.A. Co-
BpeMeHHbIe METOAbI HMCCIEe0BAHUSI MAPAMETPOB JOPOK-
HOT0 IBU/KEHHS.

Ha ocnoeanue ananusa cospemennozo cocmosus npo-
O1embl  060CHO8AHA  HEODXOOUMOCb  pA3PABOMKU  HOBO20
cnocoba ucciedo8anus napamempos OOPOHCHO20 OBUIHCEHUs
014 No8vleHUsA IPHeKmUsHOCmU MPAHCNOPMHBIX UCCNEO0-
6anuil. Paccmompen cnocob ucciedosarus napamempos 00-
POJHCHO20 OBUIICEHUS, 8 KOMOPOM NPUMEHEHUe OeCNULONMHO20
JlemamenbHo20 annapama ¢ yugphposoli eU0eoKamepol no3eo-
UM NPOGOOUMb  UCCTIEO0BAHUS  NAPAMEMPOE  OOPOHCHO2O
OBUNCEHUA 8 PASHBIX MECIMAX YIULHO-O0POICHOU cemu nymem
noaema u 3a6UcanHuem Hao HeoOXOOUMbIMU YUACMKAMU YUY~
HO-00POJXCHOU cemu ¢ NONYYEeHUeM UOeO3aNUCU OOPOHCHO20
osudicenus. [na peanusayuu npedcmasieHHo20 cnocoda uc-
Ce00BAHUA OOPOAHCHO2O OBUNCEHU pA3PAOOMAH ANOPUMM
npoeedeHUs UCCIeO08AHULL NAPAMEMPOS MPAHCHOPMHBIX U
neuexoonwvix nomokos. Onpedenenvl mpebosanus K mexmuye-
CKUM CPeocmeam Osi NPOGeOeHUs. UCCIe008aHUL U ONUCAHbI
B03MOJICHbIE BAPUAHMBL NPOBEOEHUS UCCIEO08ANUTL C UCNOb-
308aHUeM NPeONoNHCEHHO20 Cnocoba.

Knroueswie cnoea: mpancnopmuvie ucciedosanus, no-
sblUleHUe P PEKMUBHOCU, MPAHCROPMHBIN NOMOK, nelie-
XOOHbIU NOMOK, AI2OPUMM UCCIEO08AHUL, VIUYHO-00POANCHAS
cemb.
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