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Summary

We see a potential for ESS to benefit from sharing alarm data for machine learning applications, by
establishing data ecosystem. To achieve these goal, ESS must make a strategic decision to pursue
data sharing, establish a technical platform to share a digital twin, continue advancing the data
ecosystem, and work towards a standardized reference model.

1 Introduction

This is the summary report from the work package 1 (WP1) ESS Control System Data Lab (ESS-
CSDL) pre-study. It contains preliminary recommendations regarding data, tools, ecosystem gov-
ernance and a vision for the upcoming steps of ESS-CSDL.

The recommendations are based on our preliminary concept definitions [8], exploration of factors
relevant for data ecosystems in focus groups [10] (both from preceding projects), the validation of
these factors against the ESS-CSDL and two other emerging data ecosystems, Road Data Lab
(RoDL) from the automotive domain and JobTech from the job market domain [9], an exploratory
study of small scale data engineering for machine learning [2], and literature on data ecosystems,
particularly through the lens of a mapping study by Oliveira et al. [4].

2 Data ecosystems

Data ecosystems is an emerging concept in its infancy [4]. In their mapping of existing research,
Oliveira et al. found 29 papers spread over a wide range of research topics, indicating a scattered
and immature field. They also conclude that the definition of the term is not yet stable. Thus, we
choose to adapt a definition from software ecosystems [3] and open government data [11], in which
each of the bold-faced terms is elaborated below:

A data ecosystem is a networked community of actors (organizations and individu-
als), which base their relations to each other on a common interest, supported by an
underpinning technological platform providing data shared within the ecosystem.
Actors collaborate on the data and boundary resources (e.g., software and standards),
through the exchange of information, resources and artifacts.

In our study of three emerging data ecosystems, we observed them to be either [9, Section
5.2.4]: 1) agency-driven, 2) business-driven, or 3) community-driven. ESS-CSDL is – despite its
public funding – aiming to be a commercially viable ecosystem (business-driven), which provides
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business value for its stakeholders, although it in the initiation phase needs support from public
innovation agencies.

The aim of the Control System Machine Learning (CSML) program at ESS is defined in the
project application “to drive development within artificial intelligence and machine learning for
society through large scale research facilities”. The current actors or stakeholders are of three
kinds: 1) DESY as a similar research facility, 2) companies providing automation equipment, and
3) companies in the process industry. The common interest around which the ecosystem is
founded is to promote this aim. The primary means is to share experience and data in the
ecosystem. Note that the exchange of experience is considered as important by the actors as the
exchange of data, at least in this initial stage of the ecosystem. Thus, it is important to ensure
that this is made possible though strategic decisions, and clear in the communication with current
and future stakeholders, as further discussed in the data policy report [6].

Recommendation 1: ESS-CSDL must anchor and communicate the strategic decision
of sharing data to enable the business benefits of the data ecosystem.

3 Tools for data ecosystems

Data ecosystems need technological platforms (or tools) for data collection, enhancement and
distribution. There are open source tools of open data portals, for example CKAN1, which are
used for open government data and for open research data. The ecosystem also needs a communi-
cation and collaboration platform, sharing issues about the data, making the governance decisions
transparent etc.

Albeit ESS being a huge investment, producing enormous volumes of data, ESS-CSDL does not
produce large volumes of alarm data in its initial phase. Neither are there any immediate needs for
real time data exchange – except for what is already in place2. Further, the number of actors in the
ecosystem is a handful at the beginning. Thus, with respect to data volumes, existing file sharing
and communication tools within ESS suffice for the data sharing needs. However, as the data
must be accessible from different organizations, the access rights must be more easily manageable.
We therefore propose that ESS-CSDL creates a solution for data storage and access for small to
medium scale data to be shared externally under access control, similar to a digital twin model of
the alarm system. Figure 1 shows an architectural sketch of such a solution, which implementation
is outlined in the data policy report [6].

In the exploratory study of small scale data engineering [2] carried out in this project, it was
stressed that the agility in the tools and methods for data engineering were more important for small
scale data engineering, than power and capacity typically required when processing large volumes
of data. Especially data provenance, for tracing of data versions when building data pipelines, and
facilitation of a shared understanding of what data means, was deemed important. In creating a
solution for data storage for ESS-CSDL, we propose that this solution should support management
of data provenance and meta-data.

Recommendation 2: ESS-CSDL should establish a technical solution for data sharing
and communication, to ensure that the access rights may be organized more easily.

1https://ckan.org
2https://pos.esss.lu.se/
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Figure 1: Architecture of technical platform for data sharing. An external data user has access to
a the data lab, which holds data and meta data, mirrored from the ESS-internal control systems.

4 Ecosystem governance

Governance of a data ecosystem involves the “[e]ntirety of rules, responsibilities and decision-
making rights affecting the behavior and interaction of the actors of the platform ecosystem” [5].
This implies setting and upholding the rules for the ecosystem.

We identify three major types of ecosystem governance [9, Section 6]: 1) keystone-centric,
2) consortium-based, and 3) community-based. ESS-CSDL is a keystone-centric ecosystem as “ac-
tors are organized around a keystone actor, which is directly or indirectly responsible for providing
much of the data. ... Hence, the keystone actor should be responsible for monitoring, evaluating,
making decisions, and taking actions” [4]. The ESS-CSDL is established based on the alarm data
of ESS, and thus ESS is the keystone of the ecosystem.

It may evolve towards a consortium-based structure while maturing and including more active
members, but currently it is keystone-based. As a consequence, ESS-CSDL must take the leadership
to advance the ecosystem further.

Recommendation 3: ESS-CSDL must continue to advance the data ecosystem and
ensure there is a common interest among the stakeholders.

5 Vision for the ecosystem

During the work with ESS Alarm Data [1] it became apparent that the metadata and reference
models are boundary resources which are critical elements for understanding and later sharing
data. In other fields, work towards standardization underpin the data ecosystem, for example in
public transport [7]. Thus, the work towards establishing generic reference models for Industry
4.0 alarm systems, making them de facto or de jura standards, is both a contribution from the
emerging data ecosystems, and a condition for its survival and growth.

Recommendation 4: ESS-CSDL should continue to work towards standardized refer-
ence model for Industry 4.0 alarm systems.

Based on the above recommendation, we envision a control system data ecosystem as outlined
in Figure 2, with multiple data providers and users, both suppliers and control system owners.
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Figure 2: A future control system data ecosystem with multiple data providers and users.
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