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Abstract:

Conventional spatial data processing tools such as GIS software (e.g. QGIS) or programming libraries (e.g. geopandas)
running on a single computer are very often not sufficient to extract information efficiently from currently available
datasets. In order to solve this problem, big data technology (represented, for example, by the Apache Spark framework)
is used. Over time, libraries for analyzing big data with a spatial component have also emerged, such as GeoMesa or
RasterFrames.

However, using these tools is more complex than GIS software. Therefore, before performing specific analyzes, it is
necessary to analyze which technological path will be optimal in a given case. Not every big dataset requires the tools
outlined above. Numerous sources (e.g. Schroeck et al. (2012), Khan et al. (2018)) characterize data as big data based on
meeting requirements such as Volume, Velocity, Variety, Veracity, and Value. Examples of spatial data that have these
characteristics are Floating Car Data (FCD). These are spatial data extracted from GNSS receivers of vehicles (or devices
inside them). Trajectory points of the individual vehicles are then assigned to the corresponding section of the road
network. In this way, it is possible to calculate data on the number of vehicles and their speed on road sections with a
very high spatial and temporal resolution. The results of FCD data analysis have many applications, such as traffic
monitoring, dynamic routing, or detecting traffic anomalies (Ajmar et al. (2019)).

This paper presents the results of the analysis of anonymized FCD data acquired using the Yanosik mobile app. The
Yanosik application is a very popular vehicle navigation and monitoring application in Poland that includes an effective
tool for sharing information between drivers. In record periods, it is used by nearly 300,000 drivers from whom location
and other type of data is collected at once. Such a large number of active users can generate extensive data sets. The
dataset analyzed in the research covers the entire area of Poland from a two-year period. Each section of the
OpenStreetMaps road network was assigned information on the average speed of vehicles traveling along it at an interval
of 5 minutes. The raw data in the form of CSV files takes up 14.8TB of disk space. In terms of size, temporal and spatial
resolution, as well as high information value, this dataset exhibits the characteristics of Spatial Big Data. In order to
process it efficiently, the CENAGIS computing infrastructure (Gotlib et al. (2022)) was used.

In the first step, the data was converted from CSV files to a parquet file in GeoMesa-FS format. The columnar structure
of the parquet files allowed optimization of disk space and acceleration of the Apache Spark distributed environment. A
traffic anomaly analysis based on FCD data was performed on this set, based on the work of Altintasi et al. (2017).

The detection of anomalies such as traffic jams is based on the analysis of adjacent segments of the road network. For
this purpose, it was necessary to design a distributed spatial join method that allows efficient assignment of neighboring
segments in the whole set. Then, depending on the traffic level of the adjacent segments, a class representing the traffic
state (e.g. Free Flow, Transition Flow, or Congested Flow) was assigned to each segment. The dataset prepared in this
way allowed convenient data aggregation for visualizations. For the purposes of this study, a set was prepared presenting
data only from Fridays, from 4 p.m. to 6 p.m. In this scope, the number of occurrences of the Congested Flow class was
counted. Results are presented in Figure 1 below.

This study demonstrates how spatial big data technology can extract valuable insights from large spatial datasets.. While
these tools can be challenging to implement, they are often essential for analyzing datasets that exceed the capabilities of
conventional methods. Without the ability to process such extensive data, creating various types of maps can become
highly difficult or even unfeasible.
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Figure 1. Map visualization of FCD data anomalies detection results for class “Congested Flow” occurring between 4 p.m. and 6 p.m.
on Fridays in years 2019-2020.
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