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Abstract

Mobility simulations are crucial for research, industry, and governance. However, sim-
ulating mobility systems with reasonable accuracy requires large-scale efforts of data
collection, data transformation, data analysis, and data visualization. The paradigm
of the digital twin offers a novel perspective on how to manage the data efficiently and
make the simulations available more steadily at a lower cost. We introduce the first
prototype of the “CH on the move” digital twin that is designed to be openly available to
all interested parties to enable a common baseline for transport research in Switzerland.
This digital twin is based on the extensible Open Digital Twin Platform (ODTP) that uses
containerization, loose coupling, and micro-services to provide dynamically composable
digital twins. In its first iteration, “CH on the move” provides an easy-to-use version of
the eqasim pipeline for MATSim making it possible to initiate simulations of Switzerland
with one click. Future versions of “CH on the move” aim to include a rich set of relevant
data sources and analytical pipelines related to transport and mobility and make them
easily accessible to research, industry, and governance.
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1 Introduction

We introduce a new project for a Digital Twin of the Swiss Mobility System. The project
is currently in the late design phase and early implementation phase here we will provide
a first preview of the Digital Twin. Our underlying model for Digital Twins is agnostic
and scale-free and therefore applicable beyond mobility, see Fig. 1.

Figure 1: ODTP Overview: The platform follows a five component model for Digital Twins
(Grübel et al., 2022; Tao et al., 2018). Each component represents a key environment for
interaction with data. The physical environment captures variables of interest in the real
world and provides raw data. The data environment attaches semantic meaning to the
data and ensures compatibility. The analytical environment hosts data transformation
applications from preprocessors to simulators and machine learning models. The virtual
environment provides end-user representations from tables to dashboards to 2D and 3D
visualisations. Lastly, the connection environment provides the framework that enables
the hosting of different services within each environment and ensures their interoperability.
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Indeed, ODTP can be applied on an arbitrary resolution for any research topic and hence
in any application area from academica to industry and governance. Importantly, Digital
Twins by design offer themselves as a platform for Open Research Data (ORD) (Nosek
et al., 2015) and the implementation of Findable, Accessible, Interoperable and Reusable
(FAIR) data (Wilkinson et al., 2016). We propose the Open Digital Twin Platform (ODTP)
as a vehicle for ORD in research, industry and government.

1.1 Digital Twins

While there is no consensus on the meaning of Digital Twins (Grübel et al., 2022), they
usually consist of geo-referenced data to represent relevant elements of a real-world
system for analysis and decision-making. This description is also appropriate for most
Geo-Information Systems (GIS). However, the model simplicity—a Physical Twin and a
Digital Twin (Grübel et al., 2022)—that subsumes implementation complexity is alluring
across industry, governance, and research. New Digital Twins are constantly developed
in all fields and for all areas(Grübel et al., 2022). Nonetheless, each of these Digital
Twins is a unique ungeneralised artefact and there is still no open format for designing
Digital Twins and exchanging data between Digital Twins (Roest, 2019). There are some
initiatives for particular tasks like the Asset Administration Shell (Industrial Digital Twin
Association, 2023) but in our model this would fall into the area of solutions for the
Physical Environment rather than generalised Digital Twins.

In the mobility context, Digital Twins focus on describing individual, household, and
aggregate spatial behavior with a temporal resolution anywhere from annual to real-time
data. There is a wide array of ORD practices already in place such as NADIM (Federal
Office of Transport, 2022), MATSim (Horni et al., 2016), eqasim, (Hörl and Balac, 2021)
and many more that could be combined into Digital Twins. Digital Twins would facilitate
the access to information, the configuration of complex models and the communication
of results. Embedding existing ORD practices in Digital Twins would allow researchers
to only work on aspects that are fundamental to their work rather than having to also
provide the surrounding framework themselves. Given the importance of reproducibility
(Ioannidis, 2005), it becomes important that researchers don’t only communicate their
findings but also how to attain them (Stark, 2018). In this project, we aim to close this gap
by joining existing open standards to coordinate them as a Digital Twin open standard.
The Digital Twin format allows for practices of easier communication of ideas, results, and
methods as the data is represented from collection over analysis to presentation. Thus,





         

we aim to realize the potential of ORD practices in mobility research and beyond through
the Digital Twin approach.

At the same time, industry is creating standards for Digital Twins that are proprietary
(e.g., Microsoft, 2023) and could become the norm by the virtue of simply being there like
early web browsers and operating systems. We identified the unique opportunity to create
an open standard for Digital Twins right now because we are at the crossroads where the
required technologies for Digital Twins are maturing, and we have no default yet. The
ongoing debates have identified the Semantic Web (Berners-Lee et al., 2001) as a core
technology to make information exchangeable across systems through knowledge graphs
upon which Digital Twins could be based (Akroyd et al., 2021; Boje et al., 2020; Microsoft,
2023). Whereas an ontology is a crucial component to interact with unknown Digital
Twins based on a generic format (McGuinness and Van Harmelen, 2004)—a Digital Twin
is more than just a knowledge exchange platform (Grübel et al., 2022). The systematic
nature of Digital Twins makes them a natural candidate to implement FAIR (findable,
accessible, interoperable, and reusable) data standards (Schultes et al., 2022) that guide
ORD practices and enable reproducible research. In the best case, Digital Twins as
an open standard can be a driver of development like the Internet. In the worst case,
they could be bogged down in a battle of standards like HD-DVD vs BluRay that slow
down adaptation because of uncertainty about which format will eventually become the
default.

Industrial players from large multinational companies to consultants are keen to offer
their Digital Twin solutions in the hope to fence off significant market shares from the
imagined application fields of Digital Twins. The reasons why there is no open standard
yet are multitude but include these wild-west assumptions of a large untapped opportunity
that can be conquered and fenced off (Roest, 2019). Another issue is that the underlying
technologies are only now maturing and are often still under development themselves.
This makes early Digital Twins fickle and prone to breaking down. Most current actors
hope to be a defining force for Digital Twins to come and therefore try to create facts
on the ground. In this fast-paced environment, only few truly open initiatives have been
formed. Mostly, they revolve around specific EU projects such as DUET (Raes et al., 2021)
or industry platforms such as Bosch’s open IoT ecosystem DITTO. These approaches are
often hardware-specific, task-specific, and platform-specific, and ultimately fail to provide
a common standard that can be generalised across all Digital Twin applications from
mobility over construction to industrial production and more.

Nonetheless, Digital Twins are attractive for many communities because they inherently





         

couple data collection, data analysis and data presentation and provide users ranging from
policy makers and researchers to citizens with an integrated view on information. As a
point of departure for this paper we will focus on mobility. This includes the generation of
synthetic populations (SynPops (Müller and Axhausen, 2011)) which are a key component
for mobility modelling based on the “New Census” strategy of Switzerland. A large
number of synthetic population models is available, but their comparison is currently
not possible due to the differences in assumptions. Embedding these models in a Digital
Twin will allow us to make them comparable and advance the discourse on “SynPops”
through validation as well as giving mobility modelling in Switzerland a stronger and
open foundation. However, at the same time, we engage other research fields such as
energy and land use to come up with a holistic standard that may be deployable across
disciplinary boundaries.

1.2 Open Research Data

Research data is often inaccessible, incomprehensible and consequently irreproducible
(Ioannidis, 2005; Stark, 2018). To address these shortcomings, Open Research Data (ORD)
(Nosek et al., 2015) aims to promote the easy use and access to research data according to
the Findable, Accessible, Interoperable and Reusable (FAIR) data paradigm (Wilkinson
et al., 2016). However, issues of data usage go hand in hand with issues of research
design, research execution and research reproduction (Aguilar et al., 2022). Digital
Twins offer a platform to conduct research, in particular experiments (Grübel, 2023b).
Combining Digital Twins and ORD offers new possibilities on improving reproducibility
and preproducibility in research and beyond (Grübel, 2023a). Digital Twins provide a
framework to document, understand, and reproduce data flows and enable the precise
re-enactment of experiments.

On the one hand, the Digital Twin-based ORD practices that were hoped for so far are
still lacking (Roest, 2019) as standards diverge and too many actors pursue too many
different goals. On the other hand, we are close to building Open Digital Twins as the
constituent components of Digital Twins (see Fig. 1 for a detailed explanation of our model
(Grübel et al., 2022)) can be implemented with existing ORD solutions. The physical and
data environment can be provided by projects that implement the Federal Open Data
Strategy in Switzerland such as NADIM (Federal Office of Transport, 2022), opendata.swiss
(Confederation, Cantons, & Communes, 2022) and municipalities and cantons who openly
integrate and aggregate mobility knowledge across Switzerland from all available open





         

sources and some access-limited sources as well. The analytical environment of a Digital
Twin could be provided by an open-source knowledge infrastructure for collaborative and
reproducible data science such as Renku (Swiss Data Science Center, 2022) implementing,
for example synthetic population models (Beckman et al., 1996). The virtual environment
to access, interact with, and visualise the data can be based on classical dashboards in
Cesium (Cesium GS, 2019) environments. Eventually, it might be possible to implement
them with modern visualisation approaches based on extended reality (XR) applications
(Grübel et al., 2021). At the core of this paper will be to provide ORD solutions for
the connection environment such as developed in the Experiments as Code paradigm
(Aguilar et al., 2022) that allow us to interlink these ongoing efforts. Thereby, we enable a
simple interaction with mobility data and enable reproducible workflows that push ORD
practices in mobility research to the next level.

2 System and Implementation

The overall architecture of ODTP, see Fig. 1, is based on an analysis of existing digital
twin solutions (Grübel et al., 2022) that finds common denominators across models and
abstractions. The five environments of the ODTP architecture seek to conceptually
split tasks into meaningful and modular steps. We make a clear separation between
data acquisition, data representation, data analysis and data visualisation. Whereas the
abstract figure suggests each environment to be monolithic, reality is more nuances with a
large number of micro-services (De Lauretis, 2019) that build up the required features of
each environment, see Fig. 2. Micro-services allow for a task-specific assembly of services
for each Digital Twin enabling performant yet general designs.

In general, micro-services provide several benefits such maintainability, modularity, scal-
ability, implementation-independence, and blackboxing (Dmitry and Manfred, 2014).
Micro-services are facilitated by container-based virtualisation of operating system fea-
tures (Amaral et al., 2015). In particular, the docker environment has become the go-to
provider for containerisation. The key advantages are that each containerised service
perceives itself to be the only in the system and all its dependencies are cleanly sepa-
rated. Interactions between the dependencies in codebase of different services become
impossible.

In ODTP, the micro-services are orchestrated by the platform to ensure that they satisfy





         

Figure 2: ODTP Implementation (Grübel et al., 2023): The platform is implemented on
top of docker services running in the cloud or on a local cluster. ODTP initialises first
orchestrators for each environment of the Digital Twin which in turn initialise all containers
used for a particular Digital Twin. From the end-user perspective, each environment takes
on a particular task with regards to their data needs.
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all criteria of respective Digital Twin environments. The connection orchestrator starts
up a generic version of ODTP and uses existing data traces to determine the required
micro-services. The environment orchestrators each load micro-service containers from
trusted sources. End-users perceive the Digital Twin through the kind of interactions
that they are pursuing such as managing the Twin, sourcing the data, preparing the data,
analysing the data and visualising the data. Docker container provide the run time for
these micro-services located either in the cloud or on local clusters.

Micro-services for ODTP are packaged versions of existing open-source projects that are
made available as a containerised version, see Fig. 3. The major advantages are that the
end user is not required to correctly install all dependencies and different components
will not interact unless specified to do so. Instead, once a user specifies a requirement to
ODTP, it can load the corresponding data and micro-service from the Digital Twin Zoo.
The zoo terminology is loan word from machine learning approaches of model zoos—a
large collection of prepared models for immediate use to reduce workload. The Digital
Twin Zoo will host all micro-services containers that are publicly available and enable
ODTP to instantiate a particular Digital Twin that an end user requested.





         

Figure 3: ODTP Micro-services: Users require software that is containerised into a micro-
services and made available through the Digital Twin Zoo to ODTP. The data semantics
ensure that a chain of micro-services is valid.

define
input/output

providesunderpinsDigital Twin Zoo End User

blackboxedMicro-service Open Source Project

requires

Data Source

requires

encoded

published
on

made accessible

made accessible

defines
valid

relations

Data semantics

Source: Jascha Grübel

For the “CH on the move” Digital Twin, we implement a first prototype that only covers
a particular aspect of mobility. We provide equilibrium-based simulations of the whole of
Switzerland. MATSim has been applied to Switzerland on several occasions with different
goals. However, the usability is still low and the barrier to entry is large. The prototype
changes this by providing a “one-click” version of MATSim.

To that end, the “CH on the move” Digital Twin uses the ODTP infrastructure and micro-
services for MATSim, eqasim, EasySynth and Cesium to generate the first prototype,
see Fig. 4. EasySynth is providing access to public data by automatically accessing
opendata.swiss. FSO data is loaded from a secured private server as its access is
restricted. Eqasim is processing population data into functional synthetic populations for
MATSim. Lastly, MATSim is providing mobility simulations to understand mobility in
Switzerland.



opendata.swiss


         

Figure 4: ODTP Prototype of “CH on the move”: Our prototype implements multi-modal
mobility simulations based on MATSim (Horni et al., 2016) and eqasim (Hörl and Balac,
2021) with automated data acquistion (Micallef et al., 2023). Lastly, data visualisation
will be conducted in Cesium (Cesium GS, 2019).
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3 Discussion and conclusion

We introduce the Open Digital Twin Platform (ODTP) as a vehicle to generate a Digital
Twin of the Swiss Mobility System called “CH on the move”. Both ODTP and “CH on
the move” are in their early development stages. This paper outlines the technology
underpinning the system and our overall goals for future developments.

As it stands, “CH on the move” solely provides MATSim mobility simulations but the
underlying ODTP allows us to expand our capabilities in the near future. Among others,
we plan to include further mobility simulators to allow users to compare outputs. We will
integrate real-time data sources of mobility such as the National Data Infrastructure for
Mobility (NaDIM) developed by the Swiss Federal Office of Transport. To make data
use more versatile, we plan to integrate data wrangling such as trackintel (Martin et al.,
2023). We are also working on including tools for causal inference on traffic forecasting.

The presented prototype is only the starting point for a comprehensive Digital Twin for
the Swiss Mobility system that aims to provide researchers across all areas of transport
with a reproducible baseline for data and models. “CH on the move” is also meant to be a
community project and the open source approach will allow any interested researcher to
contribute micro-services that can be re-used by everybody.
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