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1 Abstract

The BATMAX T3.1 Data platform and data fusion task establishes a joint data and processing platform
for the BATMAX project. The BATMAX project objectives rely heavily on battery and battery manage-
ment system data, produced in the project, and used in the project by multiple partners. Characteri-
zation data from experimental activities and testing, reference data collected earlier from experi-
mental setups, simulation data produced with physics-based modelling, predicted data from machine
learning models including surrogate models, as well as field sensor data from prototype setups and
from real-world field units need to be available for partners to be utilized in different WPs. Task 3.1
has two deliverables and one milestone. This first deliverable D3.1 - Definition of IT and data manage-
ment architecture due M6 includes the initial definition of the architecture for IT and data manage-
ment for WPs 2-6. Additionally, the requirements for data pre-processing and data fusion work are
collected.

The milestone MS4 at M12 includes the launch and initial setup of the cloud-based data platform based
on D3.1. The final deliverable D3.5 at M42 includes publishing data used and generated in the project
openly, following FAIR principles [1]. This report works as a plan for the implementation of a data
platform for BATMAX, but it can also be used and further developed in other EU projects loaded with
data and following the FAIR principle.

The major objectives of the work described in this deliverable are to

e enable the initial setup of the cloud-based data platform available at M12 (MS4) considering
the data storage and pre-processing requirements of the project partners available upon the
completion of this deliverable,

e enable the flexible, modular extension towards new requirements including data storage and
pre-processing arising during the project,

e make use of developments, e.g., ontology and other available relevant literature and data-
bases, and make an initial survey on how to potentially include these findings in the FAIR open
data publication.

The project partners were continuously involved in this process by participating in the survey and dis-
cussions in WP3- and WP-leader’s meetings. The data integration process is also closely related to the
establishment of the data management plan in T1.3. Both, the development of the IT and data man-
agement architecture as well as the data management plan will continue throughout the project based
on the foundations laid in this deliverable D3.1 and the respective deliverable D1.3 [2]. The lifecycle of
the data platform, a component of the data pre-processing and integration platform, includes phases
from early requirement management to set-up and production. During this lifecycle, the UML is used
as a modelling language for gathering requirements and identifying entities in design. The initial data
platform set-up is a DCAT based implementation which supports file-based datasets and is hosted by
VTT.
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2 Publishable Summary

The role of data and data-driven methods is increasing rapidly in scientific development in various
domains, including the development of next-generation batteries and battery management systems.
Modelling and the use of machine learning algorithms and Al can provide new scientific results faster
than plain traditional methods, but there are questions regarding the reliability of these results. To
overcome these obstacles in the advantageous use of Al, current dogma recommends using such pro-
cesses and methods that allow human users to comprehend and trust the results and output created
by machine learning algorithms. Explainable Al is used to describe an Al model, its expected impact,
and potential biases. This can be achieved by the inclusion of physical and chemical knowledge in hy-
brid models or complementing data-driven models for improved explainability. The EU wants to regu-
late Al to ensure better conditions for the development and use of this innovative technology. One of
the actions is the incorporation of the FAIR principle as a requirement in EU research calls. FAIR stands
for Findable, Accessible, Interoperable, and Re-usable data. To create reliable research results utilizing
modelling and Al, also the data used to train machine learning algorithms need to be open.

As a part of EU funded BATMAX project, a centralized data pre-processing and integration platform is
decided to be utilized in the project, collecting, storing, and giving access to all data for project partners
systematically. The BATMAX project, like many EU projects nowadays, relies heavily on data produced
in the project, and used in the project by multiple partners. In the BATMAX project, this data includes
battery characterization data from experimental activities and testing, reference data collected earlier
from experimental setups, synthetic data produced with physics-based modelling, predicted data from
machine learning algorithms and surrogate models, and live sensor data from prototype setups and
from real-world field units (Figure 1).

Multi-Scale Modeling Framework Digital Twins and Framework Validation

Physics-driven )
Models [ 2 Model Fusion Hybrid Models

Simulation Pre-processed "
Data Data

Data-Driven Model
Development

Data Data Processing
and Data Platform Data-Driven
Raw Pre- Al-Models
Data processed

Data

Figure 1: Envisaged data flow in BATMAX and interaction with the model development frameworks.

In the BATMAX project, the effort toward the generation of hybrid models, explainable Al, and their
inclusion in battery digital twins with the incorporation of FAIR principles includes this public plan for
the project data pre-processing and integration platform, its implementation and usage throughout
the project and as a last activity of the project, publishing as much of the generated and used data as
possible. This public report works as a plan for the implementation of a data platform for BATMAX, but
it can also be used and further developed in other EU projects utilizing large datasets and following
the FAIR principle.
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3 Abbreviations

Al
API
BattINFO
BMS
CAN
CERN
CKAN
CsC
Csv
DCAT
DMP
EIS
EMMO
FAIR
GNU
GUI
IT
JSON
ML
OoMG
PXD
RDF
ROM

Artificial Intelligence

Application Programming Interface

Battery interface domain ontology based on EMMO
Battery Management System

Controller Area Network

European Council for Nuclear Research, Conseil Européen pour la Recherche Nucléaire
Comprehensive Knowledge Archive Network

IT CENTER FOR SCIENCE LTD in Finland

Comma Separated Values format

Data Catalog Vocabulary

Data Management Plan

Electrochemical Impedance Spectroscopy
Elementary Multiperspective Material Ontology
Findable, Accessible, Interoperable and Reusable
GNU’s Not Unix — GNU software (operating system)
Graphical User Interface

Information Technology

JavaScript Object Notation

Machine Learning

Object Management Group

Pseudo-X-dimensional model

Resource Description Framework

Reduced Order Model

Synthetic dataSimulation and modelling data

UML
XML

Unified Modeling Language
Extensible Markup Language
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4 Introduction

The role of data and data-driven methods are increasing rapidly in scientific development in various
domains, including the development of next-generation batteries and battery management systems
(BMS). The EU-funded BATMAX project is set out to pave the way for advanced next-generation data-
based and adaptable battery management systems capable of fulfilling the needs and requirements of
various mobile and stationary applications and use cases. The objective is approached by creating a
framework for the next generation of battery management based on large amounts of data, e.g., ex-
perimental, operational, testing, and synthetic, adaptable physics-based models, suitable reduced-or-
der models for both physical BMS algorithms and real-time multi-scale digital twins. A lot of data is
needed and produced in the project, by multiple partners and by multiple work packages. To ensure
fluent progress of research work, a centralized data pre-processing and integration platform was de-
cided to be utilized in the project, collecting, storing, and giving access to all data for project partners
systematically.

BATMAX Task 3.1 (T3.1) “Data platform and data fusion” establishes a joint data pre-processing and
integration platform for the BATMAX project. The BATMAX project objectives rely heavily on battery
and battery management system data from multiple partners. Characterization data from experi-
mental activities and testing, reference data collected earlier from experimental setups, synthetic data
produced with physics-based modelling, predicted data from machine learning models including sur-
rogate models, as well as field sensor data from prototype setups and real-world field units, need to
be available for partners to be utilized in different WPs (Figure 2).

WP6 Experimental Data Preprocessing and Development WP3
Data T3.1 Integration Platform of Al models

WP5 Operational Data Platform | Development of  IRVY/ejp}
Data Physics-based
Data Pre-
processing

ROMand hybrid IRV BE Y|

Wil Synthetic Data
models for BMS

Figure 2: Data providers and data users in BATMAX-project.

The major objectives of the work described in this deliverable are to

e enable the initial setup of the cloud-based data pre-processing and integration platform due
to be available at M12 (MS4), considering the data storage and pre-processing requirements
of the project partners available upon the completion of this deliverable,

e enable the flexible and modular extension towards new requirements including data storage
and pre-processing arising during the project,
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e make use of developments, e.g., ontology and other available relevant literature and data-
bases, and make an initial survey on how to potentially include these findings in the FAIR open
data publication.

For the definition of the system and the collection of requirements for the data pre-processing and
integration platform, the UML modeling approach was selected. UML (Unified Modeling Language) is
a modelling language to visualize the design of systems in a standard manner. It was developed in the
1990s to help system and software developers and proposed for the Object Management Group
(OMG) for standardization. The selected approach is further explained in Section 5. It is used for defin-
ing the use cases and functional requirements in section 6.2. Also, preliminary data sources and for-
mats were defined by consortium members, covered in section 5.2. As a result, the initial IT architec-
ture is presented in Section 6.

Lastly, this deliverable will lay the ground for the final deliverable D3.5 of Task 3.1, the publication of
data according to FAIR principles. Modelling and use of machine learning algorithms and Al can provide
new scientific results faster than plain traditional methods, but there are also questions regarding the
trustworthiness of these results. To overcome these obstacles in the advantageous use of Al, current
dogma recommends using such processes and methods that allow human users to comprehend and
trust the results and output created by machine learning algorithms. Explainable Al is used to describe
an Al model, its expected impact, and potential biases. The EU wants to regulate Al to ensure better
conditions for the development and use of this innovative technology [4]. One of the actions is the
incorporation of the FAIR principle as a requirement in EU research calls. FAIR stands for Findable,
Accessible, Interoperable, and Re-usable data. To create reliable research results utilizing modelling
and Al, also the data used to train machine learning algorithms need to be open.

In the BATMAX project, the effort towards the use of physics- -based as well as hybrid models, explain-
able Al, and the incorporation of FAIR principles includes this public plan for project data pre-pro-
cessing and integration platform, its implementation and usage throughout the project and as a last
activity of the project, publishing as much of the generated and used data for the project results as
possible. This public report works as a plan for the implementation of a data platform for the BATMAX
project, but it can also be adapted and further developed in other EU projects loaded with data and
following the FAIR principle.

5 Approach

5.1 Overview of UML Modelling

Figure 3 shows the interaction of the work packages and provides an overview of the data flows and
modelling interactions addressed within BATMAX as outlined in the proposal. To provide a definition
of IT and data management architecture and a further implementation thereof, UML which is a mod-
elling language to visualize the design of systems, specifically software systems, in a standardized man-
ner, and its fundamental tools are used to further detail and describe the architecture. Specifically, it
enables continuous, modular system development in a structured manner as envisaged for the data
pre-processing and integration platform.
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Figure 3: Interaction of the work packages, data flows, and modelling frameworks within BATMAX.

A UML model is a set of statements about a subject from a certain point of view, for a certain purpose
or stakeholder, and at a certain abstraction level. The UML notional layers for modelling are catego-
rized according to semantics into structural (true at a specific time point), behavioral (changes over
time), or supplemental areas (Figure 4).

Supplemental Use Cases Deployments Information flows
Modelling
Behavioural State machines Activities Interactions
Modelling
Structural Values Classifiers Packages
Modelling

Figure 4: Semantic areas of UML [3].

The graphical representations of parts of a UML model are diagrams. UML provides seven structures
and seven behaviour diagrams. The main models and diagrams used for the BATMAX IT architecture

development are:

e Use case diagrams with requirements management: Use Cases are a means to capture the
requirements of systems, i.e., what systems broken down to subjects are supposed to do in
interaction with external actors, which are users or other systems. Each Use Case specifies
behaviour that a subject can perform interfacing with the actors. Use Cases can be used both
for the specification of the (external) requirements of a subject and for the specification of the
functionality offered by a subject. Moreover, the Use Cases may also state the requirements
the specified subject poses on its environment by defining how the Actors should interact with
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the subject so that it will be able to perform its services [3]. The project’s data collection use
cases are represented in the use case diagram in the Section 6.2

An Activity describes a behaviour specified as sequencing of subordinate units, using a control
and data flow model. Activities describe procedural computation, forming hierarchies of Ac-
tivities invoking other Activities, or, in an object-oriented model, they are invoked indirectly as
methods bound to Operations that are directly invoked. Activities may be applied to organiza-
tional modelling for business process engineering and workflow. In this context, events often
originate from inside the system, such as the finishing of a task, but also from outside the
system, such as a customer call. Activities can also be used for information system modelling
to specify system-level processes [3]. In the BATMAX context, activity diagrams are used to
describe the main scenarios of the data flows to be handled by the data pre-processing and
integration platform at different levels of detail. The possible scenarios are integration of dig-
ital twins or BMS with the data platform.

Package diagrams organize model elements with the parent elements and importing or merg-
ing other packages. A package also provides a namespace for the elements. Typically, a top-
level package or component represents the boundary of a subject, and another package is
used for model elements representing external objects in an environment of the subject [3].
The internal structure of the BATMAX data platform is defined by the package diagram in the
Section 6.1

Component diagrams show components that are modular, autonomous, and reusable units
with well-defined interfaces or services. A component represents a specification of a logical or
physical subsystem. Its interfaces are either provided or required ones and the interfaces hide
the internals of the component. So, the component internals are only accessible through the
interfaces. Connections between the interfaces represent dependencies of the components.
Artifacts that implement component specifications can be deployed for execution on nodes of
a run-time environment. Also, implementation details of a complex component can be speci-
fied by a set of subcomponents (ComponentRealizations) or owned classes [3]. The functional
architecture of the BATMAX data pre-processing and integration platform is defined by the
component diagram in the Section 6.1.

Classes of class diagrams specify a classification of objects and define common structural and
behavioural features which characterize a set of objects. The structural features include, e.g.,
attributes and ports or interaction points. Attributes are properties owned by the class. The
behavioural features are operations and receptions. The operation specifies name, type, pa-
rameters, and constraints. An operation is invoked on an instance. The receptions specify sig-
nals that the instances can asynchronously handle. In addition, the classes specify their inter-
nal structure by a network of connected elements which play roles in overall behaviour. Clas-
ses can be linked with generalization (specialization) relationships to indicate that certain char-
acteristic members are inherited. The class diagrams are typically utilized to represent the
classification of domain entities and their associations [3]. Later, BATMAX utilizes class dia-
grams to classify entities for metadata handling in a detailed design phase.
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5.2 Conducted Surveys

5.2.1 Survey on Data Flows and Pre-processing Requirements within BATMAX

To enable the data pre-processing and integration platform development and investigate the pre-pro-
cessing requirements starting from the early phase of the project, a survey was initiated by FHG and
VTT, which is based on the data flows specified in the proposal. A structured table was set up, which
provides an overview of the envisaged data flows coming from the different WPs and contains the
following information:

e WP, task, and partner(s) as the source of information,

e an overview description of data to be delivered,

e the envisaged data usage,

e WHP(s) and task(s), which will use the data,

e a brief description of the data format,

e information if the data should be integrated into the data pre-processing and integration plat-
form (default is yes),

e description of the requested pre-processing,

e indicator if the data can be shared within a consortium, e.g., to assess, whether there is any
confidential information to be share (no indication of this kind of data in the survey),

e indicator if data is envisaged for open data publication (which is not binding at the stage of the
survey and will be further surveyed for D3.5).

As a major result, the survey showed that in the starting phase of the project, mainly file-based data
exchange was requested, and pre-processing was requested for field data from maritime data. The
data from the battery sensorisation conducted in WP5 can include CAN logs but also other formats,
which need to be defined further. From the information, the basic data collection use cases, compo-
nents, packages, and requirements were derived (see section 5).

5.2.2 Survey on Battery Ontology

A battery ontology survey was carried out to support dataset annotation and FAIR principles in data
storing and publishing. Controlled vocabularies and ontologies provide already negotiated terminology
for annotation. In philosophy, especially in metaphysics, ontology is a study of what exists, what the
general features and relations of entities are, and how entities and their relations can be categorized.
In information representation and management, ontologies have become popular after the publica-
tion of RDF Schema (RDFS) [5] and OWL 2 Web Ontology Language [6]. RDF Schema specifies a data-
modeling vocabulary for RDF data which expresses information about resources or things. The OWL 2
is a formal ontology language, and it specifies an extensive set of representational primitives for clas-
ses, properties, and datatypes. It also provides several profiles (EL, QL, and RL) to handle trade-offs
between expressive power and computational complexity in logical reasoning. The EL profile is for
ontologies with very large numbers of properties or classes. The QL profile provides the main features
to express the conceptual model and supports query answering. The RL profile supports rule-based
technologies. The BATMAX project focuses on the utilization of existing ontologies for dataset infor-
mation annotations to enable FAIR principles better. The following vocabularies and ontologies were
identified as relevant to battery management systems and their data.
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e Data Catalog Vocabulary (DCAT) — Version 3 [7] defines a standard model and an RDF vocabu-
lary to facilitate interoperability between data catalogs published on the Web. Datasets and
data services can be described with given metadata to facilitate dataset consumption and ag-
gregation of multiple catalogs.

e Elementary Multiperspective Material Ontology (EMMO) [9] is an ontology framework. It pro-
vides top and middle-level concepts and properties to specify real-world objects that extend
in space and time (4D objects). Abstract objects cannot be specified in the EMMO but semiotic
objects (symbol and sign) are available for representation and interpretation. The ontology
enables the object specifications from different perspectives. The needs of applied scientists
such as the description of the physical world and materials have been covered.

e BattINFO [8] is a battery interface domain ontology based on EMMO. Its purpose is to support
interoperability with battery data. The ontology has entities in the battery and electrochemis-
try domain.

The results of a deeper study of the vocabularies and ontologies are presented in the parallel deliver-
able D1.3 [2].

5.2.3 Survey of Existing Battery Data Bases

The survey on battery ontology and related literature showed that already a variety of battery data-
bases are available. Although not the focus of the activities, these sources were collected as a non-
exhaustive compilation, which may further be complemented during the project. A non-comprehen-
sive overview of relevant sources found is given in [10-14]. The results of the survey will be stored
according to the literature data (see section 6.2.2).

6 Architecture of the Data Pre-processing and Integration Platform

6.1 Overview of IT architecture

A lifecycle for the IT and data management system creates a base to follow, track, and establish the
project advancements. Therefore, the following phases have been identified, where the first three
phases are addressed within this deliverable:

e Requirement management: This phase gathers and analyses requirements and collects part-
ner feedback in section 6.2.2.

e Specification: Based on use cases and extracted requirements an external view or black-box
model for the system is provided. The model may also include structural or behavioural fea-
tures. This is the main scope of this Section.

e Design: Based on the specification, technology selections, and evaluations, study of con-
straints and mapping of designed entities to domain entities are done. The initial technology
evaluations and selections are presented in section 7.

¢ Implementation: Following design, coding, integration, and component reuse are included to
achieve deployable components.

e Deployment: The phase includes planning of distribution of software components on hard-
ware nodes and their parameterization for execution.
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e Set-up and production: Implement the deployment plan and results to a system or a set of
systems that publish their services to other actors.

A logical specification for a cloud-based IT and data management architecture is shown in Figure 5.
The figure represents system components as a UML component diagram. The specification follows a
modular approach in which the components are autonomous within the realms of possibility or aggre-
gated of other components. The data processing and integration platform component represents the
whole system under study. It enables collaboration between partners in the project as a joint platform.
It is aggregated from subsystems such as a data platform, a data collection component to integrate
real-time field or reference system data, if tight integration is needed, and a data pre-processing li-
brary. The modular approach includes that the components can be developed and integrated inde-
pendently in a continuous schedule. The Data Platform can be established at an early stage when the
basic requirements of the data to be stored are known. Then the prepossessing algorithms are devel-
oped and further integrated into the data pre-processing and integration platform.

<<System Specification>> =
Data processing and integration =2

platform
B
<<Subsystem, Specification>> =2 <<Subsystem, Specification=> =/ <<Subsystem, Specification>> E:D ‘
= = [—
Data platform L Data collection component Data pre-processing library L

Figure 5: Functional architecture of the Data processing and integration platform.

The purpose of this deliverable is to focus on the initial specification of the data platform. It gathers,
accumulates, manages, distributes, and shares all information produced in the project. Later, internal
components of the data platform are represented. Secondly, the data collection component integrates
different data sources into the architecture to bring data from the edge to the cloud level. Finally, the
data pre-processing library takes care of outliners, noise, missing values, etc.

M
GUI Service API|

Aot |
L I |

Persistent storage

Figure 6: Layers and an internal structure of the data platform component.
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Figure 6 represents the internal structure of the data platform and how substructures are placed in
different layers. The UML package diagram notation is utilized. The interfaces layer includes a graphical
user interface (GUI) for human actors and a service application programming interface (API) for the
data collection component. In a cloud-based system, the GUl is a web user interface implemented with
a web server. In addition, the service API provides additional functions to collect datasets and their
metadata programmatically for publishing data sets at the end of the project. The service API can be
implemented as a Rest API based on JSON, XML, or RDF messages. The logic layer contains manage-
ment (mgt) functions for user accounts (Account mgt), data sets (Dataset mgt), and their access privi-
leges (Access ctl). Access definitions are based on user roles and control (ctl) of roles. The possible
roles are administrator, editor, and member at least. Data sets are either public or private (default).
Members can search and download public data and data in their access group. Thus, access groups
enable data set distributions at the project phase. Editors can add new data sets and related metadata.
The administrator is a responsible role for the system maintenance and creating initial access groups.
The backend layer stores data sets and their metadata. It can be deployed on a separate node for
security reasons.

6.2 Use Cases and Main Requirements on Data Sources, and Formats

6.2.1 Overview

The BATMAX data platform is by design a file-based system, i.e., the information is stored in separate
files that are of structured format. In the initial survey, the data sources and data types to be expected
from the different WPs were surveyed (see section 5.2.1). In the starting phase of the project, mainly
file-based data exchange was requested (CSV, parquet files), and the request for pre-processing was
indicated for field data from maritime data. The battery sensorisation in WP5 will include CAN logs but
also other formats, which will be defined further. Hence, basic structures are known, whereas other
data and file formats and their structure will be decided during the project.

The following types of data should be integrated into the data platform:

e Simulation data: Data from physics-based, data-driven, and hybrid models.

e Experimental data: Data retrieved from dedicated experiments within BATMAX.

e Field data: Data collected from real-world operation of batteries. Defined snapshots, i.e., data
collected within a defined period are stored in the data platform.

e Prototype sensor data: Data retrieved from prototype sensors developed within BATMAX (sen-
sors to provide information on cell level temperature, distribution, mechanical change detec-
tion, acoustic impedance measurement, gas analysis, and EIS spectra.

e Literature data: Data used for simulation and parametrization of battery systems. The first col-
lection of relevant databases was included in this deliverable (section 5.2.3).

o Reference system data: Data from a selected operational real reference battery system, which
will be integrated into the digital twin framework and its validation by interfacing the cloud
computation with a real-world operating reference system.
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6.2.2 Use Cases and Main Requirements Development

According to the results of the survey on data flow requirements, the general framework of data to be
collected and organized in the first realization of the data platform was identified. However, at the
time of formulation of the deliverable no detailed specifications of the file structures, e.g., on headers,
units, context information, or expected data sizes were available. Therefore, a use case-based and
requirements management-based approach was chosen to record the results so far, which serve as a
development specification for the data pre-processing and integration platform, and which can be re-
fined and extended in the further course of the project. The use case approach enables the structure
of the required scenarios and their requirements to be covered. The data collection use cases elabo-
rated at the time of the deliverable submission are shown in Figure 7.

WP3 - Data preprocessing and integration platform — specification of initial
data collection (M6)
: WP2: Data collection
Synthetic
, PXDBOL data
<<include>>
Integration of Y
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-

- - <<include>>-

Data for SoX models

/

Baseline data
x
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ECM/PXD

<<include>> EOL data
v

I <<include>>

<<include>>

»

EIS data
<<include>> .

Data preparation Integration of
ifo (pltetd] experimental data

Data user include

Integration of
battery data
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System using

- _=<include>>

sanclude>>-..,  validation data

.
include
. Cycling and test data
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data include <<include>> Safety testing data
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literature data
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‘.‘

WPT: Data collection
Integration of

reference
system data

Figure 7: Diagram of the data collection use cases after assessment of the initial survey.

The use case diagram enables the formulation of the main use cases and to include its main sub-use
cases as well as detailing the inclusion of the respective data types and details of pre-processing. For
all use cases, requirements are defined at the current state of the project, and the main use cases for
the data pre-processing and integration platform are formulated. Additionally, the target work pack-
ages and tasks as users of the data were identified, which are not shown here for the sake of clarity.
As it is expected that in the first stage, mainly data from simulation, experiments, and historical filed
data will be utilized. The following main scenarios are envisaged with the respective requirements for
integration of battery data in the first data pre-processing and integration platform release:
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Use Case Activity — Data preparation for upload:

e WP3 makes partners aware of data pre-processing and integration platform architecture, ca-
pabilities, research literature, and ontology using this deliverable and further information.

e Partner uploads data including metadata describing the data collection context and possibly
using ontology terminology.

Use Case Activity — Integration of battery data:

e Data platform responsible for reviewing data and providing annotation, data cleansing, and
pre-processing, ontology, to merge with other data sets creating a new version of the uploaded
data.

e Partners may use the revised data set or request further data aggregation and consolidation
resulting in a new data set version.

According to the conducted survey, initially, the files will contain various simulation data from physics-
based models such as pseudo-X-dimensional (PXD) models, including beginning of lifetime and end of
lifetime data, experimental data from laboratory battery tests, field data from batteries during opera-
tion, and reference system data. Data that originates from field operations and laboratory experiments
may contain several kinds of quality issues (e.g., missing values). Such data will be handled in BATMAX
by pre-processing and stored on the data platform. Literature data will include information compiled
from various literature sources and databases. The data will be provided as annotated CSV (or Excel)
files providing necessary summarized content and references for finding the sources. Original sources
are not hosted to maintain copyright and partners can access the freely available sources and individ-
ually decide to retrieve original sources following their procurement procedures if required.

To accelerate the process for obtaining concise data collection during M6 to M12, where the Data
Platform is not yet available, available measurement results will already be collected. This data will be
temporarily stored on a preliminary cloud system and assessed for their file structure and context in-
formation. From the already available data, further requirements on the data platform, pre-processing,
alignment of metadata, and unit information are elaborated.

6.2.3 Data and Metadata Naming Convention

While storing a dataset on the data platform, a set of relevant classifications and properties to charac-
terize the dataset will be required as metadata, so that datasets with specific annotations/tags can
later be queried and returned. The metadata accompanying the data files will include relevant infor-
mation to identify, e.g., which cell the data is from, when the data has been collected, and in which
operating conditions.

Relevant and generic metadata properties will be utilized from DCAT. The properties to characterise a
resource or a dataset in DCAT include, for example, creator, description, identifier, keyword, release
date, title, and version. In addition, a list of battery domain-specific metadata properties will be gath-
ered, and the naming and descriptions should follow relevant terminology provided by ontology such
as BattINFO. The list of metadata elements used in BATMAX will be provided in a spreadsheet together
with D1.3. The spreadsheet will include the metadata field, Sl unit (if relevant for the property), type
(e.g., string, integer, float), definition, source of definition, and comment for each metadata element.
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DCAT distribution contains metadata properties for a specific representation of a dataset, e.g., a CSV
file, including conforms to property which is defined as an established standard, such as the model,
schema, or ontology, to which the representation conforms. In BATMAX, a specification that will de-
scribe the structure of the data files will be established. The naming of quantities and allowed values
and units in the specification should follow a relevant terminology provided by ontology such as Bat-
tINFO.

When the user is adding a new dataset and resource(s) to the dataset on the data platform, the user
is requested to input relevant metadata in a GUI. An example of how the GUI can be set up is shown
in Figure 8.

Step 1 Step 2
Dataset Information
Add resource(s)

*Title:
* 7 .
NASA Li-ion Battery Aging Datasets ObJE'Ct typE‘
@ A short and descriptive title for the dataset in multiple languages. Try not to use dates when naming Data sample file ~

a dataset, since data from multiple years will usually be published as multiple resources in one dataset.

*URL:

/dataset/  nasa-li-ion-battery-aging-datasets Ed\t‘
@ When you type the title, this URL is automatically generated. It is also known as a slug.
* Name of the resource:

* Description:
eg. January 2011 Gold Prices
Battery Aging Data from NASA

@ Description of the data Description of the resource:

. . . . ome useful notes about t
Link to additional information seme useful notes about the data

https://data.nasa.gov/dataset/Li-ion-Battery-Aging-Datasets/uj5r-zjdb

@ URL link to more info about the data if available.

* Keywords: * Choose file to upload: | Choose File |No file chosen

BATMAX

battery aging

@ Input only one keyword at a time (one input element). Select word from the autacomplete list or
create a new one. More keywords can be added using button below.

Add more keywords Type to search...

Format

Figure 8: Example of the graphical user interface where the user inputs metadata.

7 Initial Setup of the Data Platform

7.1 Data Management System

This Section introduces possibilities for the project's initial data platform setup, evaluation, and utili-
zation of metadata. The initial data platform setup will be available in M12. For that reason, Microsoft
Teams (or Sharepoint) folders are used as an intermediate storage. An attractive platform for initial
metadata management is the CKAN [15] or its derivatives. The CKAN is already a base for several public
dataset repositories. VTT’'s Modellingfactory service will be not utilized although it is mentioned in the
project proposal. The Modellingfactory is more suitable for automating tasks such as simulations and
prediction generations based on dataflows. The CKAN is a Python-based tool to manage and publish
collections of data and implement open data catalogs. This study focuses on the CKAN version 2.10.1.
which is licensed under the GNU Affero General Public License v3.0 [16].
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In the CKAN, the main entity classes are organization, dataset (package), and resource. Entities form a
hierarchy so that datasets are owned by organizations and resources are defined into datasets. A re-
source contains metadata of a raw data file. Registered users have profiles that are associated with
organizations with roles to enable certain functions. The roles of users and their function scopes are
explained below (Figure 9).

Collaborator admin

Organization admin

Unregistered user

Figure 9: CKAN user roles

The system administrator (sysadmin) has the widest function set. The admin can customize a website
and maintain organizations and vocabularies with tag values for metadata. The organization's admin-
istrator (organization admin) maintains members of the organization and organization metadata such
as description and logo. Collaborator administrator can define fine-grained accesses to datasets of
other organizations. Editors administer and publish datasets in a certain organization and ordinary
members can also search and download private data. Unregistered users have only access to public
metadata and datasets.

8 Interaction with Data Management Planning

The data management plan (D1.3) considers how the BATMAX project's research data will be gener-
ated, gathered, prepared, stored, maintained, published, retained, and quality controlled. Support for
these activities forms a base for a selection of the project's data platform and also for a publishing
platform. The plan identifies that research data covers the main subject areas of the research and data
types include simulation data, experimental data, field data, prototype sensor data, literature data,
and reference system data. It also introduces several research infrastructures for data generation and
gathering which provide data mainly in CSV, parquet, and CAN log format. The proposed dataset and
file-based data platforms for these kinds of data are agnostic to the identified data types and data
formats.

The plan states that findable data (FAIR principle) to promote data discovery and reuse is achieved by
generic and discipline-compliant metadata elements. The initial set of metadata elements are listed in
the D1.3 and updated by each periodic report. The introduced project's data platform can define new
metadata elements. However, publishing data platforms have a fixed set of metadata elements and
metadata must be adapted according to the selected platform (D3.5) in the publishing phase. Separa-
tion of the project’s data platform and publishing data platform supports a good practice to isolate the

Page 20 of 24



ok
-

SET

[U—L*T.:’ .

project’s working data from the final data which can be used to verify and validate the project’s results
by preserving open accessibility (FAIR principle) and supporting special measures for publishing. The
implementation of measures is allocated to a data manager nominated in WP1. According to the plan,
interoperable data (FAIR principle) is supported by common conventions and standards relevant to
the research domain. They are used to present names and labels for variables, units, and possible val-
ues. The proposed data platforms have not special features to support this kind of detailed interoper-
ability, but extra metadata elements or schema files can be defined in line with general or domain-
specific vocabularies and ontologies for the purpose. To increase data re-use (FAIR principle) data li-
censing must be considered. Some of the proposed data platforms have already a metadata element
for this purpose. In addition, data security has been considered in the data platforms by user roles,
functions, and data visibility scopes.

9 Preparation of the Publishing Plan

9.1 Survey on Fair Data Providers

To support knowledge sharing, reuse, discovery, and research transparency the FAIR data principles
have been specified for digital research data in the Horizon Europe program [17]. FAIR data principles
mean Findable, Accessible, Interoperable, and Reusable data [1]. To achieve these objectives the
BATMAX project identifies the following platforms suitable for the project outputs and long-term stor-
age. The recommendation [18] is to use a disciplinary repository, institutional repository, catch-all re-
pository, or global registry in a given order and according to the project's possibilities. Note, that a final
publishing platform selection is negotiated and implemented after all data have been gathered and
deeply studied (Deliverable 3.5).

e Fairdata IDA developed and maintained by CSC IT Center for Science [19]
e CERN’s Zenodo powered by CERN Data Centre & Invenio [20]

9.2 Fairdata IDA

Fairdata IDA is a service for storing, sharing, publishing, and long-term preserving research data. The
data is stored in Finland. The service consists of several components according to research data life
cycle phases. The components are IDA — Research Data Storage; Etsin — Research Data Finder; Qvain —
Research Dataset Metadata Tool; Metax — Metadata Warehouse; AVAA — Dynamic Data Publishing
Platform and the Digital Preservation Service for Research Data. The research data is managed as da-
tasets which contain files and folders with metadata. A dataset can even be cumulative although it has
a persistent identifier. Before publishing data, it is frozen, a replica is created, and a checksum
(SHA256) is calculated for every file. Metadata is created after the files have been frozen. The metadata
is based on DCAT, and it is compatible with Datacite [21]. Also, a mapping to Dublin Core [22] has been
implemented for metadata. For storing data, a CSC account and a project in CSC's customer portal are
required. A CSC project is associated with a responsible person (active project manager account) which
ensures data availability after the project implementation. Before starting to use the service, it is rec-
ommended to make agreements on the data stored in the service and on its use within the project
partners.
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9.3 Zenodo

Zenodo is an open access and open data repository service to all research outputs from all fields of
science, excluding military, regardless of funding source. The service has open-source implementation
which is based on the Invenio digital library. The Zenodo data is stored at CERN. The service is intended
for sharing, curation, and publication of data and software. Anyone can register as a user of Zenodo.
Research projects can manage closed and restricted content for review while the project is still ongo-
ing. Intellectual property and ownership rights to uploaded contents remain on the submitter. How-
ever, metadata is licensed under CCO [23]. For contents, all file formats are allowed. However, guide-
lines for friendly formats will be defined but there are no virus checks on uploaded files. In addition,
the service has a GitHub integration to archive source code files. Metadata and persistent identifiers
(DOI) are managed as records in a collection and associated with data files. The records themself are
not versioned but the data files are. Also, checksums (MD5) are created for the data files. A DOI can
be a version-specific or a concept DOI for all data file versions. Internally, metadata is stored in JSON
format which is compliant with DataCite's Metadata Schema [21]. Externally, metadata is available in
formats such as MARCXML, Dublin Core, and DataCite Metadata Schema according to the OpenAIRE
Guidelines. The uploaded data can also automatically be published when the associated paper is pub-
lished. The lifetime of content is at least the next 20 years.
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