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Project “MoCKiii” #
Mobilitats-Cockpit Koln - innovativ - integrativ - intelligent DLR

= A project funded by the German Ministry of Transport and Digitalisation

des Deutschen Bundestages

= Main target: assure sustainability of air quality measures

= Different sub-tasks
= |ncrease the number of measurement sites / detectors

Improve the city's transport model, including the use of on-line data about current
amounts

Derive air quality levels, model-based
Implement traffic management strategies for assuring good air quality
Monitor the daily modal split < that's us®

*will be reported at the ITS Seville by Elmar Brockfeld



Project “MoCKiii” #
Modal Split and Mobile Phone Data DLR

» One of the data used for monitoring the modal split are mobile phone data
supplied by T-Systems
» Used to determine changes in the overall mobility (trip number)
= But — how well do mobile phone data represent the reality?

= Not all people are tracked
= Anonymisation has to be guaranteed

» |dea here:
» Use the results of an agent-based transport model as the ground truth
= Apply user shares / anonymisation rules on this data
= Evaluate whether information gets lost and if, which



Modelling Anonymization
Supplied T-Systems Mobile Phone Data

» Data describes the number of trips between two
cells (O/D) starting within the described time interval
= The cells are between (500 m)? and (4 km)? in size
= Qverall 259 cells in Cologne (16201 in Germany)

» Two time resolutions: daily and per hour

= Anonymisation:

= Count the number of trips between a cell pair that start in
the reported time span

= Scale with (region-specific) share of T-Mobile customers
= Count k < 30? - dismiss (anonymisation)
= Report otherwise
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Modelling Anonymization
TAPAS DLR

= As ground truth, we use the results of our agent-based demand model
TAPAS

-

TAPAS: Simulation Flow
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Modelling Anonymization ‘#7
TAPAS as Ground Truth for Mobillity DLR

» \We use data from Brunswick (with the original T-Systems grid) as the city of
Cologne is currently not yet modeled in TAPAS
* In addition, we use fixed grids of 500, 1000, 2000, 4000, and 8000 meters side length

= We look at time spans (aggregation intervals) of 60, 120, 240, 480, 720, and 1440
minutes

= TAPAS delivers trip chains for each person in the simulated area

* There are some differences in trips as delivered by TAPAS and by T-
Systems

= T-Systems trips are split if the location does not change for 12 minutes; standing at a
public transport halt could yield in a new trip, not within the data delivered by TAPAS

= TAPAS could have small breaks like picking a coffee at the way to work; these are not
reported within the T-Systems data; we join stages with short breaks therefore



Modelling Anonymization 4#7
Simulating Anonymization DLR

* Applying anonymization rules to TAPAS data
= Starting at the set of all TAPAS trips (base)
» Remove persons with a probability of 70 % (not T-Mobile customers)
= Join trips with a stay shorter than 10 minutes
» Determine the O/D cells for each trip regarding different grids
= Aggregate by time regarding different time spans
= Multiply the number of trips by reverse T-Mobile share (1/.3)
» Remove O/D pairs with k<30

pruned trips (base) L00t seen/unseen trips a0 upscaled/unseen trips - unsesn/anonymised/kept rides

upscaled -
E hase B




Modelling Anonymization
DLR

* |n the following, we mostly present our results in form of matrices for different
grids and time spans

80001 0.054 0.035 0.022 0.014 0.012 0.008 80001 0.014 0.009 0.005 0.004 0.003 0.002
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Modelling Anonymization A#y
Removed Trips and O/D pairs DLR

* First, how many trips get lost (left: trips, right: O/D connections)

= Of course, the smaller the grid cells and/or the lower the regarded time span, the more
trips get lost (smaller the grid cells yield in less trips between them as the demand
spreads over the space)

= Not as many O/D connections are removed — but they partially hold big amounts of the

trlps
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Modelling Anonymization 4#7
Kept Trips — Between Different Cells and Within a Cell DLR

» Differences between reported trips performed between different cells (left)
and trips within a cell (right)
= Share of trips within a cell that is kept is higher — besides the smallest cells
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Modelling Anonymization

Effects per Transport Mode DLR

= Different effects for
different modes of

share of rebuild WALK trips

share of rebuild BIKE trips

O 0991 0994 0996 0998 0998 0999 EWWE 0977 0986 0991 0995 0996  0.997
transport iSO 0.958 0974 0984 0990 0992  0.996 =GR 0907 0941 0963 0976 0981  0.988
£ 5
ISP 0830 0889 0930 0955 0964  0.977 ISP 0727 0807 0865 0902 0921 0944
c c
* Probably due to 5 s
CRLLOE 0530 0639 0738 0807 0842  0.899 L 1000 0.363 0.610 0691 0742 0812
diff |
I erences In average W 5007 0215 | 0323 | 0429 | LiEi S LER R @ 5001 0111 | 0.186 | 0274 | 0348 [ 0.403
d |Stan CeS per I ' lOde PR 0.786 0881 0937 0963 0976  0.988 IR 0686 0810 0887 0926 0946  0.966
120 240 480 720 120 240 480 720
aggregation interval [min] aggregation interval [min]
share of rebuild MIT trips share of rebuild PT trips
EWWE 0928 0954 0972 0981 0984  0.990 EWE 0901 0935 0958 0971 0975 0984
=W 0.767 0.834 0885 0917 0931 0954 =GR 0.719 0796 0.855 0.887 0908  0.936
E= E=
SPLOLE 0519 | 0621 0709 0767  0.800  0.846 2 2000 0573 | 0654 0704 0744  0.790
2 o
g 1000 0520 0573 0658 L 1000 1 0.508  0.581
2 2
T 500 0.249 | 0287 | 0.368 T 500 0.223 | 0.283
AR 0542  0.684 0.843 0875 0914 orig. 0.774  0.816

120 240 480 720
aggregation interval [min]

120 240 480 720
aggregation interval [min]



Modelling Anonymization A#y
An Overall View DLR

... using a time span of 60 minutes and the original grid
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Shown on the right: development of the numbers of trips (top) | — ==
and the shares of kept / removed trips per hour (bottom)
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The evaluation shows that ~ 40 % of the trips are missing
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Anonymization removes most of the trips between ~22:00
and ~7:00

= Because the overall number is lower

= But: TAPAS is not resembling trips during the night well
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Modelling Anonymization ‘#7
Summary DLR

= Mobile phone data are an interesting source for mobility patterns

* One has to consider that the anonymization removes more trips when
» The regarded time spans get shorter
= The overall demand gets lower (e.g. on weekends)

» The trip distances are higher (implicit) = yielding in less removal of trips performed by
active modes

» The original grid shows a good balance between size and kept information



T-Systems Mobile Phone Data ‘#7
Some Observations DLR

= Sum of reported trips over a week, for weeks in 2022
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trip number [#]
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0:00 12:00 24:00 36:00 48:00 60:00 72:00 84:00 96:00 108:00 120:00 132:00 144:00 156:00 168:00

time [h]

= Clear differences between the days

= Some outlier?




T-Systems Mobile Phone Data ‘#7
Some Observations DLR

Outlier:

« Week 52/2021 (slightly problematic)
« 15.4. Good Friday

« 18.4. Easter Monday

» 26.5. Ascension Day

 6.6. Whit Monday

« 16.6. Corpus Christi

« 12.7. yep, missing...

« 3.10. German Unity Day

= Sum of reported trips over a week, for weeks in 2(
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= Qutlier can be — with no exception — assigned to special days




T-Systems Mobile Phone Data ‘#7
Some Observations DLR

= Sum of reported trips over a week, for weeks in 2022
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= Vacation times (winter, spring, summer, and autumn holidays) can be recognized




T-Systems Mobile Phone Data ‘#7
Some Observations DLR

166 Tagessummen der Fahrten Gber das Jahr (Quellen) mit Ausreiern 1e6 Tagessummen der Fahrten Uber das Jahr (Quellen) mit Ferien
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= Qutlier are visible in daily data as well...

= Nice to see: effects of vacations...
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T-Systems Mobile Phone Data ‘#7
Some Observations DLR

= Sum of reported trips over a week, for weeks in 2022
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RMSE 0.041 0.049 0.052 0.056 0.055 0.071 0.140

= Vacation times (winter, spring, summer, and autumn holidays) can be recognized




Modelling Anonymization ‘#7
Possible Next Steps DLR

= Apply to a model of the city of Cologne

» Derive methods to complete missing data
= Combine both, daily and per-hour matrices
» Fit a model to the data for estimating missing trips

* Propose aggregation patterns by time that reduce the number of lost trips
» Derive models on how mobility patterns change over time
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