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Abstract. The aim of this article is to develop a methodology for compiling population density
and mobility maps based on the data (geographic data) obtained from mobile operators in
Irkutsk. Before its development, Russian and world experience in compiling maps based on
mobile phones data was analysed. To achieve the aim, the author uses the data received from
mobile operators (CDR), with which it was possible to identify information about the location
of the device at any time. Based on the geographical location of base stations, one can analyse
the density of users at a particular time and place. Based on the results of spatial data analysis,
we obtained the signal density at a particular time. The results obtained now clearly
demonstrate that geographic data from user devices and geographic information systems
represent a very effective symbiosis of technologies, which serves for solving geographical
problems. Such studies assess the general mobility of population for a particular region. Data
on the location of a mobile phone can reveal the spatiotemporal distribution of urban residents
at macro- and meso-levels in administrative districts of the city.

1. Introduction
In the Russian-speaking sphere, "Big Data" is a literal translation of the English expression "big data",
which was drawn from information technology (IT) and settled in almost all spheres of human life.
For the first time, in the presentation made in 1998, John Mashey, who was at that time the chief
scientist of ‘Silicon Graphics’ company, used the term Big Data. However, then the term was not
widely used, since Mashey predicted future data growth addressing a narrow circle of colleagues [1].
The phrase Big Data gained its current popularity after being published in the journal Nature in 2008.
In September 2008, a special issue of Nature "How can technologies that open up opportunities for
working with large amounts of data affect the future of science?" was published. The issue contained
materials on the phenomenon of explosive growth in the volume and variety of processed data and
technological prospects in the paradigm of a probable jump "from quantity to quality"; the term was
proposed by analogy with the metaphors "big oil" and "big ore™ that are common in the business
English-speaking environment. "Big data” means a set of technologies for searching, collecting,
analyzing, storing, processing, etc. significant amounts of information. The main differences between
big data and other data can be described as "three V" — volume, velocity and variety [2]. In many
cases, big data includes a direct or an indirect reference to a location on the Earth and may then be
referred to as “big geospatial data”.

The aim of the study is the use of geodata in the study of location and spatial movement of the
population as well as analysis of demographic processes.
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2. Materials and methods

Geodata is spatiotemporal data reflecting the properties of objects, processes and phenomena taking
place on the Earth. They contain information about objects, forms of territory and infrastructures on
the earth's surface, and, as an essential element, they must necessarily contain spatial relationships [3].

In the modern world, many devices (phones, navigators, smartwatches, etc.) collect huge amounts
of data (geodata). In the recent past, the collection of geospatial data was complicated by technical
capabilities. To collect information, technically complex, cumbersome and expensive devices were
required, where the measurement process itself was laborious work and required highly qualified
specialists. However, the rapid growth of information technology in household devices, such as
smartphones and others, used by many people, has made it possible to move to a qualitatively new
level of geodata collection. Today's devices are capable of acquiring geospatial information at an
unprecedented level in terms of significantly improved accuracy, temporal resolution and thematic
detail. Mobile devices are small, easy to use and able to receive data even without the subscriber being
aware. Smartphones and mobile devices are ubiquitous, which enables continuous collection of user
information through sensors and GPS receivers. The capabilities of the tracking sensors also extend to
vehicles that record the location of the vehicle in real time. A clear illustration is the display of the
situation on the road in various car navigators (Google, Yandex, etc.) on the example of Irkutsk.

Billions of transactions are carried out throughout the world by bankcards and contactless
payments with smartphones, each of which also leaves its own digital trail.

The main feature of geodata is the accurate reflection of the subscriber's location at a particular
moment and the ability to obtain exact coordinates as well as the probability of restoring the
chronology of the subscriber's movements.

Another example of all modern technologies' combination for working with "big data" and the use
of human resources is the free web-based mapping service OpenStreetMap. Any registered user, who
becomes a supplier of "big data" in the form of GPS tracks, aerial photographs, video recordings, etc.,
can join the creation of the map. Such users freely participate in the collection of data, being, in fact,
volunteers. In this regard, a new term arose in cartography and geoinformatics: “Volunteered
Geographic Information (VGI)" [4].

One example of modern technologies keeping pace with time is the concept of the self-isolation
index introduced by Yandex and associated with the COVID-19 virus pandemic. The index is an
integral indicator based on all services of the company. When calculating the self-isolation index in
Yandex, the number of people on a weekday at rush hour is taken as zero. If the activity is similar to
the one that happens at night, then everyone stays at home and the self-isolation index is 5.

At the same time, the limits from 0 to 2.4 are marked in red (there are many people in the streets);
yellow — 2.5-3.9 (there are relatively many people in the streets) and green — 4-5 points (there are
almost no people in the streets). With the help of these data, it is possible to track how the population
complies with the self-isolation regime introduced by the Government of the Russian Federation.

In this article, we will look at receiving data using a mobile phone. Interest in the use of the data
obtained from mobile phones is growing rather rapidly due to the fact that phones are the most
common gadgets among all segments of the population (children, adults and elderly users), and they
also appear with more new functions.

3. Results and discussion
To obtain data on the location and movement of mobile phone users, you can use the data available
from telecommunications companies. Telecommunications companies are organizations that provide
customers with mobile or fixed telephone services, high-speed Internet access and cable television.
Telecommunications companies now have sufficient information about their users to compete on
an equal footing with social networks [5]. With appropriate processing, this information can provide a
huge body of knowledge that cannot be obtained in any other way. After analyzing geospatial data,
one can get accurate and, importantly, operational information and understand, what processes are
taking place in the city during the day. All information is accumulated in the Call Detail Record
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(CDR) [6] that includes information about the location of the device at each moment, a call log,
including information about another subscriber, and data on Internet sessions. Concerning SMS,
usually without prior authorization for wiretapping, the operator has the right (and is obliged) to save
metadata only: the time of sending, the size of the message and the addressee. The content of the
messages themselves (let alone voice calls) is not saved. In July 2016, Russia passed the Federal Law
of 6 July 2016 Ne 374-FZ «On Amendments to the Federal Law «On Combating Terrorism» and
certain legislative acts of the Russian Federation to establish additional measures to counter-terrorism
and ensure public safety» («Yarovaya law»), which obliges cellular operators to store metadata for
three years. Additionally, from October 1, 2018, operators are required to store text, voice, video and
other messages of users for at least 30 days (but less than six months).

In our opinion, using mobile phone data as an alternative source of population distribution will
significantly increase the accuracy of mapping. With the rapid development of information and
communication technologies (ICT), mobile phone data is becoming an important source for studies of
population distribution and movement (commuting) of urban residents [7]. Despite obvious
advantages, in our country, studies of population distribution and movement using data from mobile
phones as a source of information are not as popular as among foreign colleagues.

Meanwhile, a huge number of mobile phone base stations with corresponding user data provide
information on the spatial heterogeneity of users. However, the data obtained from traditional sources
(population censuses and statistical compilations) have clear boundaries, usually administrative and
territorial. Population data associated with mobile phone base stations does not have a hard-to-reach
service area.

In such studies, the main difficulty lies in obtaining data from mobile operators for a certain period
in order to track dynamic effects. In Russia, the largest mobile operators are MTS, Beeline, Megafon,
and Tele2.

The data is pre-processed to exclude the information related to the privacy of subscribers. Mobile
operators declare that all data is impersonal and only includes the age and geolocation of the
subscriber [8].

The basic format is a multi-field table marked with a user ID. Subsequently, the data from base
stations within one month (January-February) were divided into three periods: working hours
(Monday to Friday) from 7-00 to 19-00, non-working hours - from 19-00 to 7-00, weekends and
holidays and for the entire period. [9] We believe that the data for the late January - early February are
the most consistent with the objectives of the study, since the winter months and the absence of long
weekends contribute to a more homogeneous population movement.

Temporal and spatial locations are associated with base stations through a user identifier (ID).
Based on the geographic location of the base stations, it is possible to analyze the density of users at a
specific time at a certain point. With a dense distribution of base stations in central urban areas with
heavy population, especially in metropolitan areas, the subscriber location error can be within a few
hundred meters. Subsequently, the spatial distribution of base stations is plotted in QGIS (free open
source geographic information system), and a relational table of different base stations with specific
IDs is created. Moreover, around each base tower, we get the number of users on working and non-
working days.

Compared to (traditional, generally accepted) data sources, such as official census statistics, mobile
phone location data has clear advantages in terms of statistical accuracy and timeliness. Thus, data on
the location of a mobile phone can really reveal the spatial and temporal distribution of urban residents
at the macro- and meso-levels in the administrative districts of the city [10].

Further, the positions of the base station are processed by the spatial analysis tools "Voronoi
polygons™” in QGIS [11]. Voronoi's polygon is the influence of one point on some space. Voronoi
polygons are created based on mobile base stations network; the number of phone outputs to the
network for a certain period (total, weekends and working days) is divided by the area within a certain
polygon. Ultimately, we get the density of signals in a certain period.
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4. Conclusions

Thus, we indicate that GIS and data (geodata) from user devices are effective tools for solving
geographic problems. The scale of the study of data (geodata) will inevitably increase in the coming
years. Human (user) mobility research is a powerful tool for the analysis of individual patterns of
human movement, facilitating the operational study of population placement and movement. Such
studies assess the general mobility of the population for a particular region and movement on a street
scale, etc., which is impossible to do, relying only on official sources of information (statistical
compilations and population censuses). However, they are unlikely to replace traditional research on
human mobility, which provides a deeper understanding of socioeconomic characteristics. A rational
combination of traditional [12] and new methods can improve the quality, accuracy and efficiency of
knowledge about the localization and mobility of the population.
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