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Methods of accounting the cycling intensity:
Advantages and disadvantages
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ABSTRACT

In the paper, manual and automated methods as to accounting for traffic intensity are considered. They are
evaluated from the point of view of their possible use under various conditions: traffic intensity, types and
tasks of measurements, and the necessarily detailed information. Based on a study of the intensity of cycling
in Moscow, it was concluded that in a metropolis with an insufficiently developed bicycle infrastructure,
manual metering will be the best method of accounting. In addition to the manual method, mobile app data
and bike rental statistics should be used.
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INTRODUCTION

The quality of life in cities largely depends on the effectiveness of the transport system functioning.
(Maksimova, Danilov Kazantseva, 2017). Many large cities, in particular Moscow, are growing rapidly, which
requires accelerated expansion of the transport infrastructure, taking into account the interests of not only
car owners, but also pedestrians and users of various non-motorized vehicles (NMVs).

Despite the fact that now automobile transport is most in demand inside cities, (Bezuglaya, 2013) urban
transport policy should include measures to develop bicycle transport ( Borovsky , 2017). This is due to the
fact that an increase in the number of cars worsens the environmental situation, and increases accident rate,
the number of traffic jams and noise levels.

In many cities around the world, much attention has been paid for a long time to the development of cycling
(http://www.nycdotplan.nyc/PDF/Strategic-plan-2016).

Cycling infrastructure development projects require a preliminary assessment of the intensity of existing
cycling, identifying cyclist needs, setting goals, and tracking the performance of these goals.

In this regard, the urgent task is to create a system for monitoring the intensity of bicycle traffic (Kireeva, et
al. 2020). In turn, the monitoring system is based on the count of road users using a bicycle as a vehicle.

We conducted a comparative study of accounting tools and methods to identify the most appropriate of them
for assessing the intensity and subsequent continuous monitoring of cycling in large cities.

Technologics for accounting the
Classification of Intensity Accounting Methods raffic imensity of non-motorize:d
vehicle
- Sensors
Drata collection | | | Method for accounting
object indexation {(induction, infrared,
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Auntomated Contact
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Manual 1 Contactless
Analysis of recordings
N N n | from surveillance cameras
Intensity Accounting Intensity Assessment
Duration Frequency
| GPS Tracker Diata
Analy
Short-term 1 Continuous accounting ——
City rental systems
Long term Discrete accounting : .

| data analysis

Figure 1. Classification of intensity accounting methods Source: compiled by the authors based on (Evseeva,
2017).

Based on the classification of methods, we took the most common methods for monitoring bicycle traffic in
the city ( Evseeva, 2017):
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Manual counting;

Counting using sensors;

Analysis of recordings made by CCTV cameras;
Analysis of GPS tracks;

Data analysis of urban bike rental systems.

ANl

Figure 1 presents a classification of methods for accounting for intensity.

Based on this classification, we evaluated the accounting technologies in relation to the objectives of our
study (assessing the intensity and monitoring of cycling). In addition to technical features, we took into
account the following factors: the ability to take into account various parameters, the cost of the accounting
process, the quality of the data received, and others.

RESULTS AND DISCUSSION

Manual data collection method

The manual method is one of the main as to accounting for the intensity of movement of cyclists.
Measurements are carried out both using mechanical counters, and without them (manual field observations).
Using the manual method, we can get data not only about traffic fluctuations, but also information about other
indicators. For example, about the gender and age of cyclists, their protective equipment (helmets), the use
of mobile devices during a trip. Accounting is carried out at the same points at different times of the day.

For example, a manual method is used to record the intensity of cycling in Australia and Canada. Volunteers
are involved in the measurements.

In2017-2018 in Moscow, RUE named after G.V. Plekhanov conducted a study on the intensity of cycling and
the movement of other non-motorized vehicles. In this study, the accounting was performed using date from
five metering points by street types using the manual visual method. A limitation for this method of accounting
was the possibility of the absence of a maximum point in the measurement intervals for short-term
measurements.

In addition to using paper forms and mechanical counters, the results can be captured in special mobile
counter applications, for example, Counterpoint. They provide the most accurate results. A mechanical clicker
counter may also be used. To study the intensity of bicycle flows, it is possible to use “visitor counters” which
are used, as a rule, for conducting marketing research in shopping centres, for example, SM Counters.
However, when using them, errors arise with the distinction between cyclists and pedestrians. Therefore,
given the low bicycle traffic, budget and time constraints, we used special forms to conduct the research.

Automated data accounting methods

Intensity metering methods are widely used using specialized sensors that allow on-line mode to record
cyclists with high accuracy. Depending on the technology used, there are pneumatic, piezoelectric, fibre optic,
induction, infrared, laser, magnetic, etc. Their comparative analysis is presented in Table 1.

One of the findings of monitoring the use of bicycles in  Scotland
(www.cycling.scot/mediaLibrary/other/english/1113) in 2016 was the mandatory use of automatic intensity
meters in the main areas of cycling to record its dynamics.
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In our study, in addition to manual counting, video clips provided by the Department of Transport and the
Development of Road Transport Infrastructure of Moscow were processed. Video processing was also
carried out manually. The disadvantage of this method was that the cameras (12 points) were installed at
sufficiently high heights, so they did not allow revealing the age and sex characteristics of cyclists and their
protective equipment. In the future, it would be necessary to consider the possibility of installing CCTV
cameras at a height that provides the possibility of recognizing cyclists and users of other NMVs in the flow
of pedestrians and cars.

The requirement for long-term and continuous measurements with high quality data causes increasing in the
cost of measurements. Manual measurements are not advisable for long continuous measurements but are
indispensable in assessing the characteristics or attributes of cyclists. A compromise solution can be selected
based on the table 1 and table 2.

Table 1. Technologies intended for accounting for traffic intensity of non-motorized vehicles.

Technology Typical application Strengths Limitations

Induction loops | Continuous Accurate data with proper Only cyclists can be counted.
measurements installation and Installation in the pavement requires
(installation under the configuration of equipment | the use of professional equipment to
road surface or in cuts) create cuts or install loops before
Short-term applying the pavement.
measurements (tape on There is a possibility of erroneous
the coating) calculations when groups of cyclists
Bicycles only make their travels.

Possibility of interference with other
electrical equipment

Microwave Short- or long-term Ability to count cyclists on Not enough offers in the market of
sensors measurements dedicated bike lanes or commercial devices.
Cyclists and pedestrians | lanes Range Limit
in aggregate
Video Capture - | Short- or long-term Possibility of greater Usually more expensive for a
Auto Analysis measurements accuracy of calculations in | separate installation of equipment
Cyclists and pedestrians | areas of heavy traffic Recognition algorithms require
separately compared to manual further development and
calculation improvement
Active IR Short- or long-term Relatively portable This technology cannot distinguish
Sensor measurements technology between pedestrians and cyclists,
Cyclists and pedestrians | Low-observable and not except when combined with another
in aggregate attracting attention cyclist recognition technology.

Very difficult to use on bike lanes or
combined lanes.

The possibility of erroneous
calculations when groups of cyclists
make their travels

Passive IR Short- or long-term Portable with easy It cannot distinguish between

Sensor measurements installation pedestrians and cyclists, except
Cyclists and pedestrians | Low-observable and not when combined with another cyclist
separately attracting attention recognition technology.

Itis very difficult to use on bike
lanes or combined lanes; it requires
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careful installation and configuration
of equipment.

At high ambient temperatures
(about +30 °C) it can produce more
false operations.

There is a possibility of erroneous
calculations when groups of cyclists
make their travels.

Direct sunlight on the sensor may
cause erroneous triggering.

Pneumatic Short term Relatively portable, low-cost | Only cyclists can be counted.
tubes measurements technology One can trip over a tube.
Cyclists only Already installed equipment | There is a greater risk of vandalism
can be used to count both and equipment damage.
motorized vehicles and non- | The method cannot be used in
motorized vehicles winter conditions.
Video Capture - | Short term Lower costs when using Limited to short term use.
Manual measurements already installed Manual video analysis is a very
Analysis Cyclists and pedestrians | camcorders laborious process.
separately
Manual count Short term It can be used to confirm Convenient for short-term
measurements data obtained by automatic | measurements; there should be
Cyclists and pedestrians | methods. high labour costs in the case of
separately long-term measurements.

Table 2. Principles of choosing technologies for accounting for traffic intensity of non-motorized vehicles.

Intensity Technology Cyclists | Pedestrians | Pedestrians Pedestrians
accounting and cyclists in | and cyclists
duration aggregate separatel
Constant intensity | Induction loops - h
accounting Magnetometer

Pressure meter

Microwave sensor
Continuous Automatic video
Intensity recording system
accounting
Short term IR sensor (active /
measurements passive)

Pneumatic tubes

Combined

technology

Manual video

recording

Observers

Note: Dark blue = High efficiency; Light blue = Average efficiency; White = Low efficiency.
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Mobile applications (GPS data)

A modern tool for counting cyclists is the analysis of GPS data on their movements. Such data is called tracks
and is collected by specialized applications for smartphones (Strava, Cyclemeter, etc.), fitness trackers and
smart watches, as well as transport navigators (Citymapper, Google Maps, Yandex, etc.). Since the analysis
of GPS data allows users to identify the most popular routes, it is a promising tool when planning a new
infrastructure. The results of studies on the use of GPS data are presented in the works by G. Romanillos,
M.Z. Austwick, D. Etema, J. De Kruijf ( Romanillos, et al. 2015).

The GPS data advantages are: (1) ease of connection; the use of large computer networks for data analysis;
(2) assessment of a large number of users; (3) routed routes and their intensity; (4) high radius of coverage
of research on the territory, efc.

The main disadvantages limiting the use of GPS data are: (1) a small number of Russian developments; (2)
not all systems analyse data, including foreign ones; (3) the inability to assess the additional characteristics
of users and the state of the infrastructure. Comparative characteristics of GPS data measurement
instruments are presented in Table 3.

Table 3 Characteristics of GPS data measurement instruments.

Specifications  Strava My tracks Endomondo Aerobia Runstatic
Number of users ~ + Largest - The social + Sufficient number - User number is - Poorly
number componentis  of users poorly Russified
not developed accounted
Ease of + Most + Convenient - Complicated + Fast + Convenient
connection advanced system connection connectionand  connection
convenient
design
Convenience of  + A usercanset + Will record + Can track routes,  + Russian - There are
functionality the rhythm, the path and make single and development; few routes in
route;runsare  saveitonthe  group routes; route planning Russia;
automatically Google server  connect the warning
connected to system "the number
any GPS of kilometres
system travelled for a
certain period"

For megacities, it is advisable to develop a special application that allows us to keep track of the movements
of cyclists along the streets of the city. This application is installed on smartphones of bicycle users and must
have access to GPS data, information about the current weather and its forecast values, the ability to start
and stop manually, as well as automatically record movements on a bicycle (the criterion is the speed of
movement with geolocation and bike path alignment).

For Moscow, it is important to integrate information support for cyclists (the availability of nearby parking lots,
bike rental systems, service centres, efc., types of bike paths when moving along a laid route, etc.) with
information for moving around the city using public transport.

The positioning of this application can be carried out among users seeking a healthy lifestyle, as well as
among citizens who are not indifferent to the development of their hometown, for example, users of the Active
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Citizen application. The incentive to install such an application may be the accumulation of bonuses on the
Troika city transport card for subsequent payment of bicycle rental or use of public transport routes.

In addition to the basic navigation functions, this application should be able to measure:
- Real routes of users’ movement;
- Speed of movement;
- The duration and frequency of stops along the route;
- The duration of the bike ride;
- Weather conditions (in the context of temperature, precipitation, wind);
- Elevation changes along the route;
- NMV identification (bicycle, scooter, etc.);
- Identification of NMV ownership (own, rental).

Establishing dependencies between these data will allow designing a more efficient bicycle infrastructure in
Moscow.

Data of urban bike rental systems

If there is a rental system in the cities, the traffic intensity of cyclists can be monitored according to the data
available to companies engaged in bicycle rental activities. A limitation in this case is the need to observe
commercial secrets and the legal possibility of using personal data of users.

CONCLUSION

A study and analysis of foreign practices allows us to conclude that in a metropolis with an underdeveloped
bicycle infrastructure, the manual method is optimal for taking into account the intensity of cycling. A limitation
of this method of accounting is the possibility of absence of a maximum point in the measurement intervals
for short-term measurements. Among the technical means used with this method of accounting, special
mobile applications provide the greatest accuracy.

The disadvantages of accounting methods for the intensity of cycling using specialized sensors do not allow
their use in cities with an underdeveloped bicycle infrastructure.

The video recording method is also not effective enough since the current level of development of video
camera data processing technologies does not allow cyclists and users of other NMVs to be recognized in
the flow of pedestrians and cars. An analysis of the movement of cyclists in manual mode using recordings
from video surveillance cameras does not make it possible to identify the age and sex characteristics of
cyclists and the availability of protective equipment.

In addition to the manual method, statistics on bike rental and mobile applications should be used. This
information allows scientists to visualize the most popular directions, duration, and intensity of movements
within the area or between areas.
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