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Digital Twins

● A concept that originated in the manufacturing industry.
● A digital replica of an industrial component: motor, cooling system, etc
● The physical device is monitored by sensors, which copy the state of the 

device to the digital replica
● The digital replica serves for observing the device and for “digitally first” 

simulations   
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SNCB Remote Diagnostic



Berti - the talking tree in Ulm

http://svadss.org/svadss/uni-ulm/talking-tree/berti/

http://svadss.org/svadss/uni-ulm/talking-tree/berti/


Data-Driven Mobility Digital Twins

● Urban mobility is not a mechanical system
● But there is a lot of data that can help monitoring
● By combining several sources, visualizing, enriching, fusing, …:

○ Problems can be identified
○ Opportunities might emerge
○ Situational awareness can be improved
○ Recommendations can be made for decision making
○ Data collaboration can be encouraged
○ Synergies may be reached
○ …



Related Concepts







Data in a Mobility Digital Twin



Maps & Static infrastructure - GTFS



Maps & Static infrastructure - Geofencing Zones

Besides GTFS, static map data 
typically exist in GeoJSON, Shape, 
and CSV formats.

 



Map Conflation

● One challenge is that the different data 
sources might be using inconsistent base 
maps. Performing data Integration/fusion 
is not straightforward

● The figure illustrates the problem of 
computing a multimodal index

● Collaboration with Macq
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Schedules

Cyclic moving object representation
Thomas Behr, Victor Teixeira de Almeida, and Ralf Hartmut Güting. 2006. Representation of periodic moving objects in databases. In Proceedings of the 14th annual ACM international symposium on Advances 
in geographic information systems (GIS '06). Association for Computing Machinery, New York, NY, USA, 43–50. https://doi.org/10.1145/1183471.1183480

https://doi.org/10.1145/1183471.1183480


Real-time Vehicle 
Position and Delays

● Multiple formats: json, GTFS-RT
● Readily map-matched data
● Example challenges

○ Missing vehicle IDs
○ Missing map



Micromobility - GBFS



Micromobility - Free bikes

Provider Average 
number of idle 
e-bikes

Total 
updates in 
one month

Unique 
e-bikes id’s 
in one month

Ratio ids 
to bikes

Ratio ids to 
updates

Lime 3,494 31,199,786 10,380,004 2,970.8 0.33

Pony 1,135 10,089,929 9,836,028 8,666.1 0.97

Bolt 4,289 38,300,289 168,222 39.2 0.0044

ID change pattern

● Per GBFS update
● Per certain duration
● Per trip
● We found that these patterns are not strictly followed. Some randomization is added.



Traffic



Others

● Parking availability
● Weather
● Air-quality
● Street works
● Events calendar
● Trash pickup tracks
● …



Simulation





Challenge - data management

Between March and October ~ 256 GB
efficiency

flexibility

Database Data lake



16,000 records per trip 100 trip_id
1.6 million rows
165 MB

100 trip_id
100 rows
37 MB

MobilityDB 
Compression rate 450% 



Spatiotemporal Proximity: Smart Advertising



Micromobility Hubs
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