

[image: cover image]




  Anonymized Big Data Of Mobile Operators In Services Of Prague Public Transport

  Conference article https://proposals-prague2023.piarc.org/en/; IP0738-Voznak-EN.

  Miroslav Vozňák

  Jiří Hylmar

  Lukáš Orčík

  2023-03-04 12:36:43



Anonymized Big Data Of Mobile Operators In Services Of Prague Public Transport
	Anonymized Big Data Of Mobile Operators In Services Of Prague Public Transport
	Introduction
	Methods	Selection Of Tested Variable
	Data Collection
	Data Processing
	Making Square Peg Fit In Round Hole
	Putting Pieces Of Puzzle Together
	Technologies Used In Projects


	Results	Values Correlation
	Values Differences
	Rare Opposite Trends


	Discussion	Interpretation
	Reduction Of Data To Viewport
	Limitations Of Study
	Areas For Future Research


	Conclusion
	References
	Acknowledgements
	Appendices	Pairing Of Detectors To Achieve Comparable Base
	Overview Of Processed Spatial Granularities Within ROPID And IPR Projects
	Spatial Granularities Of Area Of Interest Represented By Geometric Centroids
	Classification Of BTS Based On Inter-site Distance Model
	Methods Of Calculations
	Subsets Of Dataset
	Dataset For Results Validation
	System Generated Report Traffic Intensity Proof Of Concept
	Possibility Of Finding Sources And Destinations Of Routes In Monitored Section


	Document accessibility



  
    	
      Cover
    

    	
      Table of contents
    

  




Anonymized Big Data Of Mobile Operators In Services Of Prague Public Transport





Introduction

The paper deals with big data analytic of location and operational data of public cellular networks. The spatial and temporal data in mobile networks provides an important information about movements in territory. First of all, all records had been anonymized before were processed. Results are presented in the aggregated form as a number of residents, commuters and riding out users in the selected territory. The overall view provides detailed information concerning a granularity at the level of residential units and also time span.

The innovation of the approach consists in the possibility to monitor movements and also to better estimate the number of residents present on a particular territory. The traditional approach only applied the balance principle, it monitored the usual residents and aimed at estimating the number of people who left the territory and the number of people who arrived into the territory for a particular reason. Using location and operational data of cellular networks enables to easily estimate the number of people present without knowing any other factors. The goal of our research was to provide information on occupancy of selected routes based on aggregated and evaluated data of mobile operators.

The volume of information and data is growing geometrically, one of the important sources is hidden in operational records of public cellular networks. Any activity of mobile phone generates a record containing a piece of spatial and temporal information which is stored in databases of mobile operators for a particular period. The information regarding a position is not precise enough to trace perfectly movements but can be generalized and provide important statistic data on the movement of population in an observed territory. The paper describes the innovative use of mobile data for planning public transport in Prague and shares a unique gained experience.

The timeline of the processed data is 30 months, and although the delivered results were limited to two NU3 level regions (Prague and Middle Bohemia), the computation of data was done for the entire Czech Republic to obtain control values and sums, which were not only requested by customers but were also necessary to ensure the consistency of the results. Throughout the project period, we worked with all records registered in homeland networks. Two of the major three mobile operators with a market share of over 70% participated in the project with data. Two techniques were used to consolidate the results. Namely additions of data from both networks and single network data where the other network has a verification role. Data presented originate from the second method.

Data from the mobile network can be used for different tasks. It is a matter of processing methods that determine the final use. Some methods and resulting variables may be used in transport planning and in another processing method for tasks related to regional planning. We refer to project ROPID (Regionální organizátor Pražské integrované dopravy, 2020) as the major data source. It shall be completed, that our team was working on another project, IPR (Institut plánování a rozvoje hlavního města Prahy, 2019), in parallel. These projects had partially overlapped in time. It was challenging for the team, but synergic opportunities arise at the same time. To name one, we had the possibility to utilize source data across both projects resulting in greater data timeline availability.

The output, we delivered for ROPID was 49 datasets consolidated into 83 unique tables and views. The total number of records in the registered tables is 103.7 billion, with a size of approximately 2 TB. These records have 616 unique attributes combined from 281 descriptive keys and values, such as timestamps, days, weeks, regions, classified observations, etc. Most of the resulting data is available on request under an open license.

From the results, we have selected a single variable for the purpose of this report.. This variable can be compared with well-established methods of traffic intensity measurements, built into road detectors. The variable in question is All to all commuting matrix cellular network intensity.

Comparison of an independent data sources a) built into road detectors values b) All to all commuting matrix cellular network intensity is the research question discussed in this report.

The System Generated Report Traffic Intensity Proof Of Concept(System Generated Report Traffic Intensity Proof of Concept, 2023) contains detailed analysis of our findings, while the Dataset For Results Validation(Dataset for Results Validation, 2023) serves as a complete dataset that was used to verify the results. Our report primarily focuses on providing contextual insights and sharing our experiences rather than delving into complex data analysis.

Projects related to this research include following.

Authors of the research Inferring modes of transportation using mobile phone data (Bachir et al., 2019) claim to process 2 million devices from the Greater Paris resulting to the model model which combines mobile network geolocation with transport network geospatial data, travel survey, census and travel card data and generates time variant road and rail passenger flows for the complete region with up-scale to the total population. Residency and worker status identification based on mobile device location data (Pan et al., 2023) research tempts to identify normal commuters, professional drivers, mobility-for-work workers, and nonworkers/home-based workers based on the spatial–temporal patterns of location sightings and derived trips from MDLD (Mobile device location data) with a calibration against public domain ground truth data. The research shall cover national-level case study in the U.S. based on a commercial MDLD dataset. Authors try to address issue of the lack of ground truth information about the device owners raises concern about the biases and representativeness of the nonprobability MDLD sample which is according to our experience the critical factor to be solved for this type of datasource. These researches would be close to the theme explored in this research. Potentially valuable research direction can be CT-Mapper: Mapping sparse multimodal cellular trajectories using a multilayer transportation network (Asgari et al., 2016) which results show options to retrieve the real cell phone user paths despite the sparsity of the observed trace trajectories with unsupervised algorithm. The research was based on a group of volunteer users in Paris and vicinity (France). Generally, according to A Review of Human Mobility Research Based on Big Data and Its Implication for Smart City Development(Wang et al., 2021) the applications of human mobility research using big data, researchers used the Mobile Phone as data source in 39 out of 84 scientific articles indexed by the Science Citation Index Expanded and Social Sciences Citation Index.

We also refer to the previous researches conducted on the topic by our team, especially Population Mobility Data Retrieval from Cellular Networks and its Use Case in Public Transport(Voznak & Hylmar, 2017), Population data mobility retrieval at territory of Czechia in pandemic COVID-19 period(Platos et al., 2021),Limits of the use of mobile networks in CZSO statistical surveys(Vysoká škola báňská – Technická univerzita Ostrava, 2017), High-Speed Users' Mobility Prediction Scheme Based on Deep Learning for Small Cell and Femtocell Networks(Dinh Nguyen Dang et al., 2022) or Effects of sampling frequency on node mobility prediction in dynamic networks: A spectral view(Fazio et al., 2022) which serve as a technical and a methodological base for our research.

To the best of our knowledge, the scope, detail, and combination of resources used in this research differentiates it from current studies by several aspects and provides some useful perspectives to consider in human mobility research using mobile phone based big data. See the chapter Conclusion.




Methods

The section includes methods used to collect and analyze the data as well sa details about the data sources (e.g. mobile operators), sampling methods, and data analysis techniques.


Selection Of Tested Variable

The evaluated variable selected from the database is All to all commuting matrix in daily cycle measured from cellular network with no time spend limit in destination transposed with model to neighboring relations between local residential units. The variable is referred to in the report as All to all commuting matrix cellular network intensity and can be compared with proven methods of measuring traffic intensity built into road detectors. It is a matrix based on the standardized (addition of records, selection of records) and aggregated (groups with the same parameters are evaluated) SIM movement vector in space during the daily cycle. The relational matrices of All to all commuting matrix cellular network intensity represent the links of pairs of places. From the point of view of the mobile network, the change of the cell of the BTS of the mobile network is monitored. A best service map (mobile network coverage map) is used for the transfer of information from nodes composed of BTSs’ cells to the administratively defined territory of the local residential units. This allows working with data at the level of cells of these BTS. For simplicity, it is possible to imagine a mobile network cell as one of the three BTS sectors, where each sector is approximately of the similar area, pointing in different direction, or as the cycle divided into thirds with BTS mast in the center.

Work with data at the cell granularity is especially important in areas where distance between BTS is higher. See Classification Of BTS Based On Inter-site Distance Model(Classification of Bts Based on Inter-Site Distance Model, 2023). In case only data at the BTS granularity level are available, that is in our opinion a significant limit of data from cellular networks.

The variable is reported as a pair region a (local residential unit “A”) and region b (local residential unit “B”) after a transposition to admin territory using Mathematical model of the conversion of observations in the mobile network to a territorial element or a specific territory, see Methods Of Calculations(Methods of Calculations, 2023). User occurrences are supplemented and selected from a time point of view, i.e. each user has a daily window of (maximum) 48 occurrences, although the actual number of signaling messages is two to three times higher. This method is crucial to ensure the principle of composition, which allows the values to be added and generalized to the total population. For the selection of representative occurrences in the time window, the Station selected by geo method and Station filled methods are used, see Methods Of Calculations(Methods of Calculations, 2023). The matrix applied to the transport network for comparison with detectors does not distinguish directionality. Bidirectional flow is reported. Therefore, it was necessary to use the data from the detectors in both directions for comparison, see Pairing Of Detectors To Achieve Comparable Base(Pairing of Detectors to Achieve Comparable Base, 2023).



Data Collection

The source database represents anonymized records of SIMs in a daily cycle, including the timestamp of the record, mobile cell identification and position, identification of the related base transceiver station (BTS) and its position, the frequency at which the cell operates, and radio access network coverage maps produced on the best service concept.

The data are organized in batches comprising a daily cycle. Coverage maps are updated on a monthly basis. Additional data that come into play include an open data registry of land use, as well as data from the statistical office about population (updated annually as a rolling increment based on the most recent census). A daily data batch represents, for a single network, approximately 1 billion records, or 4.5 million SIMs.



Data Processing

The answer to the data quality lies beyond the availability of the trends knowledge, time series and the ability to process data for the entire mobile network in the Czech Republic. This is a key concept that ensures that the overall system checksums are not affected by other circumstances besides outbound and inbound commuting. Fluctuations consisting of inadequacies in the technical system of sampling, collection, transmission of signalling data can be detected and eliminated at the output thanks to this concept. However, this would not have been possible without the use of HPC within the National Supercomputing Centre at VSB - Technical University of Ostrava, as the support of the result requires the processing of one billion lines of signalling records and a data volume of 0.25 TB in one day. The processed time series for trend and deviation determination is 48 months.



[image: The location of the measured area within the context of the Czech Republic.]The location of the measured area within the context of the Czech Republic.


Legend. The location of the measured area within the context of the Czech Republic. Black borders: The administrative regions at NU3 level (Regions). Dark grey: Prague Integrated Transport (PID) outermost borer. Black crosses: positions of build in road detectors measuring traffic intensity whose data were compared. Variable: Intervals of All to all commuting matrix cellular network intensity.Note that the geo locations of variable values are reaching beyond the expected radii of the Middle Bohemia region, which is defined as the project area and takes maximum 59 minutes (time given by very early record in the measured time window and very last possible record in the consequent time window) to drive to the border. We intentionally kept these values in the overview image to emphasize the need to thoroughly evaluate and clean the data before inputting it into the model. Possible causes for these unexpected values ]include airborne traffic, cars going very high speed or incorrect information about the base transceiver station (BTS) or cell position in coverage maps.
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Results

Presentation of results findings is focused on one of particular goals, namely to provide information on occupancy of selected routes based on aggregated and evaluated data of mobile operators.


Values Correlation

A significant correlation (Pearson’s method) exists between values from physical and virtual measurements for cyclic periodicity, as well as nominal values. Based on the results, we maintain that data from mobile networks can be used to complement and deliver similarly reliable values where the limits of operating conditions for establishing physical measurements are set. There is also additional value added in terms of the ability to monitor and evaluate aggregated trajectories within the daily cycle for paths’ origins and destinations.

Most importantly. There are few data sources with content that can be considered similar enough to face direct comparisons. For example, while in this experiment we get a correlation of values of 80% with the potential of increasing it by 10 percentage points after throughout data cleaning, when comparing other variables from the project, correlation values would be lower. As an example, let us name the situation of the census, the number of inhabitants. Inter quartile range width of the result which would compare the population expected (by census) in regions and some adequate variables average from our datasets which offer values based on day-to-day dynamics, would be higher. And this is exactly the reason, why the correlation of comparable, but independent data is so important. Because the data computation system is interconnected and concise (the same data sources are used, and cleaning and modeling procedures of core data are common to outputs), we may conclude for many variables that do not have equivalent compared the chances of reporting correct values are good.

Correlation of the values detected from the mobile network and the values detected from the detectors were calculated under the condition of using only non-zero and non-empty values in the monitored period, for both variables. The values listed in the following table.


Values correlation results.








	Situation Name
	Region A Region B label
	Correlation of data from mobile network and detectors
	Number of days evaluated





	D5 23.30 km
	U rybníků (Beroun - 73067) <-> Levín (Beroun - 80799)
	0.75
	749



	D1 2.76 km
	Kateřinky (HlaMePr - 173983) <-> Na Formance (HlaMePr - 316105)
	0.86
	706



	D1 12.3 km
	Jažlovice (Ricany - 145530) <-> Komerční zóna Jažlovice (Ricany - 327077)
	0.8
	711



	D0 61.4 km
	Vinice (HlaMePr - 29963) <-> Nad Vinicí (HlaMePr - 317381)
	0.75
	738







Values Differences

On average, there is a difference of approximately 10 percentage points between the normed values (ranging from 0 to 1) for the variables vehicles detectors intensity normed value and All to all commuting matrix cellular network intensity. The latter variable has a lower value.

The ratio between the normed values for vehicles detectors intensity normed value and All to all commuting matrix cellular network intensity is 1.17 (0.66 divided by 0.56). However, based on the usual vehicle occupancy rate of 1.3 persons per vehicle on average, we would expect this ratio to be 1.3. The complex method used to generalize the population from the mobile network sample, see Putting Pieces Of Puzzle Together, suggests that the built-in road detectors should be considered as the ground truth, after thorough data cleaning. As a result of this analysis, some of the generalization parameters for the cellular network data need to be re-evaluated to better align with the expected reference measurements.



Rare Opposite Trends

In some days we found a disturbing opposite trend in day to day evaluation, ie. one variable value increases and the other decreases. In order to provide judgement about these abnormalities a profound checks of data input quality would have to proceed Limitations Of Study.
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Discussion


Interpretation

Let’s develop an idea about source data, the variable All to all commuting matrix cellular network intensity. In the scope of the Czech republic the variable represents in daily cycle 19.1 mil. of the cell-to-cell aggregated relations sum on 7.2 mil. of cell-to-cell relations. These were generated by 4.6 million sampled SIMs for the day, out of which 4.4 million were Czech SIMs and 0.2 million SIMs in roaming. The total distance traveled from cell to cell, euclidean, was 147 million Km. This gives an average of 31 Km traveled per SIM. General information estimates are based on reference date 2021-09-01, unless otherwise stated. Shall we assume the total population of the Czech Republic is 11.4 mil., out of which 10.7 mil. of residents (Český statistický úřad, 2023) and 0.7 million foreigners (Ministerstvo vnitra, 2022), then the daily distance traveled would be 147 000 000 / (4.4 sample / 11.4 population) which is 147 000 000 / 0.39, ie. 377 million Km per day. The product of the result and the number of days in the year gives 138.000 million Km annually. Ministry of Transportation declares Total passenger transport performance 111.721 million passenger-km in 2021(Ministerstvo dopravy ČR, 2021).

The average distance over 202 evaluated typical weekdays for each of 30 months is 121 million Km per day with an SD of 20 million Km. Mass of nominal value on region a region b relation is 71 mil. on average, with SD 11 mil. Prague and Middle Bohemia’s population accounts for 2.7 million inhabitants (Prague 1.3 mil., Middle Bohemia 1.4 mil.). 44 Km per inhabitant of focused region per day.

The number of relationships between the measured nodes of the processed region of interest is approximately 20 thousand.

Estimation of the exact number of SIMs participating in the variable for the territory of interest (Prague and Middle Bohemia) can not be done directly as the resulting inter-node relations are aggregated from the beginning of processing, which makes it impossible to track individual SIMs. We do not estimate the number of population samples based on knowledge of total traveled distance, the nominal value of the variable in the territory, and the average traveled distance per user based on a closed system (Czech republic). It is possible, but important factors influencing the calculation will need to be considered.


	Population for the variable was set based on estimates such as share of sample from the total population, losses in processing using mathematical model, etc.

	The variable represents the shortest connection by the road between nodes. We know that local residential units and their geographical centroids were used to build nodes network. It is important to understand the representation of the variable in question which is node A - neighborhood node B - neighborhood node N, euclidean distance. So it is not actually the distance one would need to drive, following the road itself.





Reduction Of Data To Viewport

The big picture management and extraction of information from fine grained dataset with a large number of small values which is the case for the variable All to all commuting matrix cellular network intensity uses following techniques.

The default view simplifies the situation by focusing on the most important values. When dealing with data that involves all-to-all commuting, it is usually narrowed down to the second quartile. Other data is excluded, and statistics are used to monitor the extent of this simplification.

To create a new dataset, a subset is taken from the original data at a defined level, which is usually the second quartile. This subset is then further simplified to create a bird's-eye view of the data. Statistics are generated for this new dataset, and an appropriate level of simplification is applied to create the bird's-eye view. See Subsets of dataset(Subsets of Dataset, 2023) for detail.



Limitations Of Study

A persistent problem is cleaning data before processing. Both technologies, mobile network and detectors are burdened by partial or complete outages. However, thanks to the comparison of values, it is possible to identify these problems algorithmically.




Areas For Future Research

An additional variable that can be used in the context of the project is similar to the CZSO census item Residents commuting to work and school. In the databases, this item is marked as Primary Target Mobility. This item enables the detection of the sources and destinations of the routes that create the intensity on the monitored section. See Possibility Of Finding Sources And Destinations Of Routes In Monitored Section(Possibility of Finding Sources and Destinations of Routes in Monitored Section, 2023).
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Conclusion

Let us summarize the main findings of the research and their significance and include a brief summary of the methods used and the results obtained.

Comparison of an independent data sources a) built into road detectors values b) All to all commuting matrix cellular network intensity showed corelation of 80%, with potential for improvement after data cleaning. Note that there is thousands of built into road detectors out of which traffic experts selected 4 for the purpose of this study and our team have not interfere with the selection in any way. Only limit of detectors’ selection was their position in the ROPID project scope area.

There are certain distinguishing characteristics of the project that set it apart from existing material available on the topic of Population mobility data retrieval from cellular networks.


	The data collection and evaluation were conducted at the level of the sovereign state of the Czech Republic, using a closed economy system.


	The data used in the analysis were sourced from two major cellular networks that collectively serve over 70% of the population.


	Minimum of modelling techniques and estimates were used when processing data. We have not changed or completed datasets in any manner except of up-scale to the total population by the regions’ constants estimating market share of the mobile network used.


	The time series used in the analysis comprises 30 months of data.


	Coverage maps for the best services were available and updated on a monthly basis over the duration of the project. These maps were utilized to translate values from nodal networks created by cells of Base Transceiver Stations (BTS) to corresponding administrative units.


	The aggregation of user vectors for classification purposes was conducted in a controlled manner, adhering to previously certified methodologies (Vysoká škola báňská – Technická univerzita Ostrava, 2017).
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Appendices


Pairing Of Detectors To Achieve Comparable Base


Pairing of detectors for the evaluated situation.









	Situation Code
	Situation Name
	Detector Number
	Detector position (lat)
	Detector position (lat)





	dtr3265
	D5 23.30 km
	1633
	49.9287
	14.0142



	dtr3265
	D5 23.30 km
	1632
	49.9287
	14.0142



	dtr4041
	D1 2.76 km
	2040
	50.01781666
	14.52015



	dtr4041
	D1 2.76 km
	2001
	50.01781666
	14.52015



	dtr4045
	D1 12.3 km
	2042
	49.96728
	14.622442



	dtr4045
	D1 12.3 km
	2003
	49.96728
	14.622442



	dtr4400
	D0 61.4 km
	2210
	50.090367
	14.594667



	dtr4400
	D0 61.4 km
	2190
	50.090367
	14.594667







Overview Of Processed Spatial Granularities Within ROPID And IPR Projects


Basic data of spatial granularities










	Title EN
	Title CS[^uzemni-struktura]
	Code List CZSO
	Count
	Area km 2 average
	Inhabitant per km 2 average





	State
	Stát
	cis0097
	1
	78874
	135



	Regions
	Kraje
	cis0100
	14
	5634
	301



	District counties
	Okresy
	cis0101
	77
	1024
	197



	Governing municipalities
	Správní obvody obcí s rozšířenou působností
	cis0065
	206
	383
	158



	Municipality districts
	Městské části
	cis0044
	142
	10
	1687



	Municipalities
	Obce a vojenské újezdy
	cis0043
	6258
	13
	94



	Basic territorial units
	Základní územní jednotky
	cis0051
	6392
	12
	128



	Local residential units
	Základní sídelní jednotky
	cis0047
	22598
	4
	851







Spatial Granularities Of Area Of Interest Represented By Geometric Centroids



[image: Spatial granularities of the area of interest represented by geometric centroids.]Spatial granularities of the area of interest represented by geometric centroids.


Legend. Spatial granularities of the area of interest represented by geometric centroids.Black: The administrative regions at Regions level borders. Grey: The administrative regions at Governing municipalities level borders. Names displayed for Governing municipalities. Variables. B. Regions, C. Governing municipalities, G. Basic territorial units, H. Local residential units. Visual representation of selected spatial granuralities from [Overview of processed spatial granularities within the ROPID and IPR projects].
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