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Keywords Abstract

Traffic intensity; data collection;  The article shows the technology of obtaining initial data on the state and functioning of the city transport sys-
internet technologies; traffic tem. The technology makes it possible to obtain data on the intensity of any movement: intensity of traffic, pe-
counter. destrians and passengers. The main idea is to form and monitor the implementation of the monitoring program,

during which it is possible to elaborate in detail the entire procedure for collecting information, including the
dislocation of places for collecting the intensity of traffic, passengers and pedestrians, including the time of their
collection. At the stage of direct data collection software provides clear unambiguous instructions for each ac-
countant involved in the survey, about what actions at the given time it needs to take. The large volume of pre-
paratory and organizational activities given out by the hardware and software allows using the technology to
significantly simplify the issues of monitoring the technology of information collected, as well as the culling of
incorrectly collected information, by monitoring the location of the accountant, controlling the start and end of
data collection.

In particular, the technology has proven itself to calculate the intensity of traffic flows when collecting such in-
formation from urban intersections. The presented technology allows carrying out large-scale surveys of trans-
port, passenger and pedestrian flows in cities with high efficiency at the stage of construction of forecast and
optimization transport models of cities. The software interface of the mobile and server part of the presented
technology allows achieving automatic interface of the collected data with the necessary format for their further
use as calibration information of forecast transport models implemented in modern software products such as
PTV Vision VISUM.

Kiw4yeBsble c10Ba AHHOTanUsA

WHTEeHCUBHOCTDb Tpad)mca; C60p B cTaTbe nokasaHa TEXHOJIOTUS noJIy4eHUA UCXOAHBIX IaHHBIX O COCTOAAHUU U (l)yHKLlI/IOHI/IpOBaHI/IH ropoz-
JAAaHHbIX; MHTEPHET-TEXHOJIOTUH; CKOM TpaHCl‘IOpTHOﬁ cucTeMbl. TeXHOI0THS T03BOJISIET noJy4aThb JaHHbIE 00 MHTEHCHBHOCTH JIDOOTO ABU-
CYEeTYHUK Tpacbmca. KeHUA: MHTEHCUBHOCTU JBUXEHUA TPAHCIIOPTA, NEIIeX0A0B U TaCCaKUPOB. OcHoBHas naed 3aK/JardaeTca

B GOPMHUPOBAHUU U MOHUTOPHHTE peaJn3aliy IPorpaMMbl HA6JII0leHHs], B X0/le KOTOPO# MOXKHO JleTallb-
HO TpopaGoTaTh BeCb MOPsJ0K c60pa MHPOPMALMH 06 UHTEHCHBHOCTH JIBUXKEHUs], TACCAXKUPOB U MeLIeXo-
JIOB, BKJIIOYasl MeCTO U BpeMs ux cbopa. Ha atane npsimoro c6opa AaHHBIX MPOrpaMMHOe obecrieyeHue
Npe/0CTaBJIsIeT YeTKHe, OJ{HO3HAYHble MHCTPYKIMH AJIs1 KQX/J0T0 yYeTHOr0 pabOTHHKA, Y4aCTBYIOLIEro B
06csIeIoBaHUH, O TOM, KaKHe AeHCTBUs B AaHHbBIH MOMEHT eMy He06X0MMO NpeANpUHATDb. BoJbII0# 06b-
eM MOJrOTOBUTE/IbHBIX ¥ OPraHM3aLHMOHHBIX MEPONPUSTHH, BblAABaeMbIX aNMapaTHO - NPOrpaMMHBIM
o6ecneyeHreM, O3BOJISIET C HOMOLIBIO TEXHOJIOTUY 3HAYUTE/IBHO YIIPOCTUTb BOIPOCHI MOHUTOPHHTA CO-
6upaeMoii MHPOpPMALMHY, A TaKXKe OTOPAKOBKH HENPAaBUJIbHO COGPAHHOM MHOPMALMH, IyTeM MOHHTO-
pHHra MeCTOHAXOX/eHHs yIeTHOro paGoTHHKA, a TAKXKe KOHTPOJIMPYsl Ha4alo ¥ OKOHYaHHe cGopa AaH-
HbIX. B 4acTHOCTH, TEXHOJIOTMsI XOpOLIO 3apeKOoMeHJoBajJa cebs JJs pacieTa HHTEHCHBHOCTH
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TPAHCHOPTHBIX IOTOKOB NpHU c60ope TakoW MHPOpMALMU C FOPOJCKHUX IepeKpecTKoB. [IpeicTaBieHHas
TEXHOJIOTUsl C BbICOKOH 3QPeKTHUBHOCTbIO I03BOJIAET MPOBOAUTL MacIITaGHble UCC/IeJOBAaHUSA TPAHC-
HNOPTHBIX, TACCAKUPCKUX U NeIIeX0HbIX I0TOKOB B FOPOJjaX Ha 3Talle IOCTPOeHUs IPOTHO3HbIX U OITUMU-
3allMOHHBIX TPAHCIOPTHBIX MOZesied ropozioB. [IporpaMMHbIi HHTepdeHc MOOGUIBHOM U CepBEPHOH YacTH
[pe/CTaBJeHHON TeXHOJIOT UM 03BOJISIeT JOOUThCA aBTOMAaTUYEeCKOTI0 CONPSXKEeHUs CO6PAHHBIX JAHHBIX C
Heo6X0AUMBIM GOpMATOM JJIS UX Ja/bHeHIIero UCIob30BaHUA B KadyecTBe KaJU6pOBOYHOM HHOpMa-
LYY NPOTHO3HBIX TPAHCIIOPTHBIX MOAeJiel, peaTM30BaHHBIX B COBPEMEHHBIX IPOrPAMMHBIX NPOAYKTAX,

Takux Kak PTV Vision VISUM.

Introduction

The collection of data on the intensity of transport, passenger and
pedestrian flows is a necessary stage in the study of the functioning
of urban transport systems. The parameters of traffic and pedestrian
flow intensity determine the initial data in the development of road
traffic projects on individual local sections of the road network. Data
on the intensity of passenger flows are the initial information for the
analysis of the functioning of the public transport system and the de-
sign of an efficient public transport route network [1]. Data on the
intensity of pedestrian flows are of wide interest for various studies
in related fields, such as sociological and marketing research. In addi-
tion, the collection of information on the functioning of the transport
system is an indispensable stage in the creation of optimization and
forecast transport models of cities.

The initial information for the creation of optimization and forecast
transport models is the data on transport demand, formed primarily
from the statistics of the location of places of compact residence of
people, as well as the places of their employment, study and travel re-
lated to cultural and everyday purposes of the trip [2, 3]. The second
source of information is information obtained as a result of sociolog-
ical surveys, which makes it possible to determine the purpose of the
trip, the average length of trips, and the distribution of transportation
trips over time during the day.

Data on the functioning of the transport system, such as the intensity
of transport and passenger flows, as well as the speed of traffic flows,
is used to calibrate forecast and optimization transport models.

Problem formulation

at the stage of creating forecast and optimization transport models
of the cities, a significant amount of information is required on the
intensity of traffic flows collected from all over the city [4]. The num-
ber of collection points for such information will determine in the fu-
ture the quality of the transport model after calibrating the transport
model based on the collected field data. In particular, in the software
package for the development of forecast transport models PTV Vision
VISUM, the points of information collection and subsequent calibra-
tion of the transport model are called “places of counting” (Figure 1).

CoBpeMmeHHble
MH(opMaLMOHHbIEe
TeXHONornu

n UT-o6pasoBaHue

Fig. 1. Screenshots of PTV Vision VISUM with the display of “places of counting”

Puc. 1. CkpunuoTs! PTV Vision VISUM c oTo6paskeHHeM «MeCT yyeTa»

It is very important that the collection of primary information in the
construction of transport models occur at a time throughout the city.
In this regard, the use of technical means of monitoring the traffic
flow parameters that are or not included in the intelligent transport
system and automated traffic control systems is not possible [5, 6]. In
this case, it is advisable to use manual counting with the help of ac-
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countants, which regularly and simultaneously take data from a large
number of elements of the transport infrastructure.

In this regard, the issue of synchronization of data collected, the for-
mation of a monitoring program for the period of data collection, pri-
mary control and accounting for the quality of the information col-
lected are topical [7, 8]. For these purposes, it is advisable to use In-
ternet technologies that allow using mobile (mobile) devices (tablets,
smartphones) with access to the Internet to synchronize in real time

such mass events for a one-time collection of data on the intensity of

traffic and pedestrian flows.

A solution to problem

the technological structure of the system of one-time data collection
using portable Internet devices is presented in Figure 2.

Protocol: http

Mobile application
Traffic Counter

v

Server

N\

Proce
ssed
data

N

Data input Account data Reception of collected field data Pro.to

Location of the accountant Verification of collected field data col:

The surveyed intersection Storage of collected field data http

Time of data collection

Intensity
COM interface

Transport model PTV Local loader program
Vision® VISUM < P
Transformed data
. Transformation of the data structure to the
Counting places

PTV Vision® VISUM structure
Connection to transport model
Loading data into transport model

Fig. 2. Structure of the data collection system based on the mobile application Traffic Counter

Puc. 2. CTpyKkTypa cucTeMbl c60pa JJAHHBIX HA OCHOBE MOGUJIbHOTO NpuoKeHUs «CueTyrk Tpadukar

The hardware part of the system consists of two types of devices: por-
table and stationary. As portable devices, smartphones, tablets and
other mobile devices running iOS or Android are used. The stationary
partis a server for the formation of a program for data collection, pro-
cessing, verification and primary binding of the collected information.
Before starting the collection of information, a monitoring program is

TRANSPORT TRAFFIC COUNTER SERVER > TAABHAS

CABAHHX OBCAEAOBAHMH
MPOROMKMTENLHOCTD (M) | HANFABNENMI
an 4
s00 .
@ 4

being prepared, the transport system of a city is selected as an object,
and the coordinates of the places for collecting information on the
intensity of transport and passenger flows are determined [9-11]. As
a result, a database of collection points is formed in the form of a list
accessible to the user of mobile devices (Figure 3).

1) |a Haim

Kougparosa

Fig. 3. Server part of the mobile application Traffic Counter

Puc. 3. CepBepHasi yacTb MOGUJIbHOTO puJioKeHus: CyeTunka Tpaduka
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In addition, the time parameters of information collection are spec-
ified, the time limits of the range at which such information can be
collected are determined.

HanpasnexHui: 4

Bbibepute ropoa

Mepme

Caukt-NeTtepbypr

Hanpaenexui: 3

9 NerkoBbIx 2 Nerkoebix

99 TecToBbli NepekpecTok #1 Yac-nuk
Ha4ano: 06.04.2015 18:00, npogonsuTensHocTs: 4.

1 nerkoBeIx

The mobile part is a program Traffic Counter, which has the following
interface (Figure 4).
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0 naccamupcKmMx

0 rpyzoBeIx

Fig. 4. The interface of the mobile application Traffic Counter

Puc. 4. UnTepdelic Mo6uibHOTO Npuioxenus Cueryrka Tpaduka

The task of the user (the operator for the registration of traffic and
pedestrian flows) - at a certain time, load the appropriate Traffic
Counter program onto his mobile device and arrive at the information
collection point at the time assigned by the program. The application
will tell you when to start collecting information.

The calculation is done manually. The operator clicks on the stylized
buttons and the traffic icons of the traffic flow through the monitored
node. At this stage, the program monitors the location of the accoun-

CoBpeMmeHHble
MH(opMaLMOHHbIEe
TeXHONornu

n UT-o6pasoBaHue

tant, compares it with the database of the location of the accounting
points, and also records the time parameters for collecting informa-
tion. During the collection of information, the program automatically
sends collected information about the number of counted transport
to the server for preliminary verification and processing.

Then, using a special loader program, the transport model operator
imports the data directly from the server into the transport model
(Figure 5).
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Fig. 5. Server part of the mobile application Traffic Counter

Puc. 5. CepBepHasi 4acTb MOOUIbHOTO NpuaoxeHus Cyetynka Tpadpuka

In the transport model, the collected full-scale maps are attached di-
rectly to the places of counting.

Thus, the mobile application “Traffic Counter” has the following ad-
vantages in comparison with the manual calculation of the intensities:

e allows to completely exclude the stage of manual data entry;

e does not require additional processing (verification) of the col-
lected field data;

e keeps the log of geolocation and data entry time - eliminates the
ability of the accountant to falsify results by pressing buttons not
during the counting or not at the intersection being surveyed;

e  the datais imported directly into the parameters of the “place of
counting” objects in the transport model;

e allows you to obtain accurate and objective information about
the intensity of the traffic flow at each intersection.

Experimental

The described technologies are used in different ways. First of all, a lot
of organizational issues are solved, such as the time of arrival of the
accountant in the workplace, its location relative to the directions of
traffic at the intersection, monitoring the time of measurements and
quality control of information. Many of the issues previously covered
in the preliminary briefing phase are also addressed through special
commands and prompts for the mobile application interface. The ac-
countant does not need to be distracted by time control, the order of
gathering information on certain directions of entry to the intersec-
tion. All this is controlled by software.

At the stage of the calculation of cars, the need to use paper sheets to
account for the intensity of transport, passenger and pedestrian flows
disappears, the need for primary monitoring of the collected informa-
tion, validation and verification of such information disappears.

Let’s consider an example of using the mobile application Traffic
Counter in the city of St. Petersburg in Russia: intersection Nevsky
Prospekt - Liteiny Prospekt (Figure 6).

Fig. 6. Practical using the mobile application Traffic Counter in St. Petersburg

Puc. 6. [IpakTHyecKoe UCIoJIb30BaHHe MO6UIbHOTO npuioxeHus: Cietynk Tpaduka B CankT-IleTepbypre
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With the application of this technology, many transport models of ci
ties in the Russian Federation, in particular, transport models of large
cities were built: Moscow, St. Petersburg, Ekaterinburg, Kazan, Novo-
sibirsk and others (Figure 7).

modeli-2

rosacademtrans.ru/transportnyie

Transport models 2018

Forecast transport models of the cities of the Russian Federation, prepared in the software environment PTV Vision
VISUM, as 0f 01.09.2018
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Benvkuii Hosropoa

Bopowex

Fig. 7. Screenshot of the information section of the site of the Russian Transport
Academy with information on the created transport models of the cities of the
Russian Federation
Puc. 7. CkpuHiotT nH$OpMaMOHHOr0 paszesia caita Poccuiickoit akaseMun
TpaHcnopTa ¢ HH$OpMalHeil 0 CO3AaHHbIX TPAHCIOPTHBIX MOJEJISIX TOPOJIOB

Poccuiickoit Pesepanuu

The information was collected on a large number of crossroads and
was used later to calibrate forecast and imitation transport models
of cities. With further updating of the created transport models, it is
possible to successfully use the already developed and entered in the
tables of the server part plans for monitoring, data collection and dis-
position of accountants. All this makes it possible to create a monitor-
ing system for the traffic conditions on the city’s road network, which
will receive objective and reliable information about the intensity of
transport, passenger and pedestrian flows once every five years.

Conclusion

The presented algorithm of organization and carrying out large-
scale surveys of the state of functioning of the city transport system
showed its efficiency in the application of a hardware-software com-
plex consisting of a server (stationary) part and mobile devices. In
the future, the development of this technology involves the automat-
ed obtaining of the necessary information on the movement of mobile
objects (transport, passengers and pedestrians) using image recogni-
tion algorithms and automatically counting the number of vehicles,
passengers or pedestrians directly in the mobile device.

The technologies have been successfully used in the cities of Russia:
Perm, Saratov, Tomsk, Makhachkala, Ufa, Krasnodar, Novosibirsk,
Vladimir, Veliky Novgorod, Lipetsk, Omsk, Tyumen, Penza and others
when working on the development of complex transport schemes and
road traffic schemes in order to improve the efficiency of the urban
road network. The results of the projects can be found on the specially
created channel www.youtube.com/user/permnextradar, which dis-
plays the results of the analysis of all the individual intersections.

CoBpeMmeHHble
MH(opMaLMOHHbIEe
TeXHONornu
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