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1 Introduction

1.1 Project summary

Now more than ever, soil health is an issue that needs to be addressed urgently, as recent assessments state
that 60-70% of European soils can be considered unhealthy (Bouman, 2022). The EU Mission ‘A Soil Deal for
Europe’, the EU Soil Strategy and the proposal for a Soil Monitoring and Resilience Directive (5 July 2023), aims
to have 75% of EU soils healthy or significantly improved by 2030 and all soils healthy in 2050. Reaching such an
ambition requires, among others, access to reliable, harmonised existing and new data and knowledge collected
at local, national and EU levels to allow informed decision-making at all scales to support the proposed Soil
Monitoring and Resilience Directive and the EU Soil Strategy.

The SoilWise project will provide an integrated and actionable access point to scattered and heterogeneous soil
data and knowledge in Europe, making them FAIR (Findable, Accessible, Interoperable and Reusable) and
improve trust, willingness, and ability to share and re-use soil data and knowledge. In three project development
cycles, co-creation and co-validation by multi-stakeholder groups are at the centre of project activities.
SoilWise recognises existing workflows and repositories for specific user needs and aims to work with them to
enhance their discoverability, approachability, and interconnection. An open, modular, scalable, and extensible
knowledge and data repository building on existing and new technologies will be provided while respecting data
ownership, access policies and privacy. Al- and ML- techniques will be employed to interlink scattered data and
knowledge, automatise the processes, infer new knowledge and increase FAIRness. SoilWise applies
infrastructure thinking instead of project thinking to design a repository for at least a decade to support EUSO
evolvement accordingly. The SoilWise repository and community are designed to be a joint starting point and
common ground for countries, the European Commission, and other stakeholders to jointly guide soil and
related spatial policy and informed decision-making towards the 2030 goals of the Green Deal, achieve healthy
soils in 2050 and ensure broad uptake and implementation by land managers, policy, research, and industry.

All personal data acquired through SoilWise is processed in strict accordance with the relevant EU privacy
regulations, highlighting our dedication to uphold to the highest standards of data privacy and security for our
users.

1.2 Document scope

This deliverable describes the methodology used in the process of defining SoilWise repositiory (SWR)
architecture and presents documented architecture diagram in ArchiMate notation. Technical documentation
was built in the form of an external web page accompanying this deliverable. This documentation consists of
description of functionalities, detailed technical specifications and interfaces between all modular components
that will be employed in the SWR. This fits with one of the work package (WP) 1 goals to deliver a high-level
prototype architecture of SoilWise, more specifically within the task (T) 1.4 Define SoilWise Architectural Design
(M3-M46). The original plan foreseen in the Grant Agreement for first iteration of this deliverable was
outperformed, the activities behind the architectural design went already beyond the high-level scope, partially
overlapping with the activities related to T2.1 Design of the data technology components, and T3.1 Design of
the KM components. All this for the purpose of better linking both tasks and not isolating development activities.
Moreover, the presented architecture is aligned with the requirements of various stakeholder groups and those
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originating from the EU Soil Observatory (EUSO) development. Requirements of various stakeholder groups
within and beyond the SoilWise project, including other Mission Soil projects, were considered.

The content presented within this deliverable and accompanying Technical documentation can also be
understood as a bridge between the SoilWise stakeholder groups and the technical core of the project for a joint
understanding of the SWR development. The evolution process went as follows. As the first, the "Kick-off
architecture" was established following requirements from the SoilWise Grant Agreement and of the Joint
Research Centre of the European Commission. The "Kick-off architecture" was later elaborated on by the
SoilWise technical partners. The "User stories derived architecture" was elaborated in parallel out of 64 user
story epics from various stakeholder groups (for more information on user story epics, see D1.1 Usage scenarios,
requirements, v1.0). The "Bridging architecture" was created as a further step to provide a synthesis of the
"Kick-off architecture" and "User stories derived architecture". Moreover, the "Bridging architecture" was
further validated during online meetings with individual Use Cases working groups. The core of this deliverable
represents the so-called "SWR Repository Architecture 1.0 - Brugges", which came out of the in-person
Technical meeting in Brugges and focuses on implementing the SoilWise core product. At the same time, it is
based on a consensus between stakeholder groups and technical viewpoints, providing an overarching vision for
the upcoming SWR development.

This deliverable is the first release out of two foreseen and serves as a baseline to initiate the development
activities needed to set up the repository governance model (WP1), the infrastructure (WP4) and develop Data
(WP2) and Knowledge (WP3) Management Components. Following the agile approach, the architecture design
will be continuously updated reflecting (1) new or updated requirements from the use cases stakeholder groups,
(2) new details discovered during development, and (3) novel scientific and technology advances, all according
to the product backlog and SoilWise Repository Rolling plan. The second, and final, version of this deliverable
will be delivered a half year before the end of the project (M42).

1.3 Document structure

This document is comprised of the following chapters:

e  Chapter 1 provides an introduction to the project and the document

e Chapter 2 explains the methodology and software used in the process of defining SoilWise Repository
architecture and presents a list of envisioned modular functionalities of the SoilWise Repository core
product

e Chapter 3 presents the architecture diagram in ArchiMate notation, overview of all technological
components together with external link to a short description of their foreseen functionality

Technical documentation is available at: https://soilwise-documentation.pages.dev/, and a PDF exported

version is also available on demand, as non-editable version saved at the date of the deliverable. Interactive
version of architecture diagram is available at: https://soilwise-architecture.pages.dev/

1.4 Relationship to other project deliverables

This deliverable relates to and complements the following deliverables:
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e D1.4—Repository architecture, v2 (M42)

e D1.1, D1.2 — Usage Scenarios, Requirements, v1, v2 (M6, M36)

e D1.5,D1.6 — Repository GM, v1, v2 (M21, M42)

e D2.1,D2.2,D2.3,D2.4—-Developed & Integrated DM components, v1,v2, v3, v4 (M13, M18, M31, M47)

e D3.1,D3.2,D3.3, D3.4 - Developed & Integrated KM components, v, v2, v3, v4 (M13, M18, M31, M47)

e DA4.1, D4.2, D4.3, D4.4 — Repository infrastructure, components and APIs, v1, v2, v3, v4 (M13, M18,
M31, M47)

e DA.5, D4.6, D4.7 — Repository Data and Knowledge Resources, v1, v2, v3 (M21, M34, M46)

e D7.2,D7.3,D7.4—Open Science and Data Management plan, v1, v2, v3 (M6, M27, M48)

1.5 Relationship to project tasks
This deliverable relates to the following project tasks:

e T1.3 Requirements, Validation framework and Rolling plan — will feed and update the architecture
design (T1.4)

e T1.4 Define SoilWise Architectural Design

e T1.5 Define SoilWise Multi-Stakeholder governance model — will define the governance model of the
repository based on the architecture design

e T2.1 Design of the data technology components — will elaborate the architecture design (T1.4) in more
detail

e T2.2 Implementation and deployment of data components — will follow the architecture design (T1.4)

e T3.1 Design of the KM components — will elaborate the architecture design (T1.4) in more detail

e T3.2 Implementation and deployment of Knowledge component — will follow the architecture design
(T1.4)

e T4.1 Repository digital infrastructure for deployment and delivery — will follow the architecture design
(T1.4)

e T4.2 Interfaces for access, sharing, population and integration with EUSO — will follow and extend the
architecture design (T1.4)
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2 Methodology

2.1 Co-designing architecture repository

Following the quadruple helix framework (e.g. Carayannis & Campbell, 2010), SoilWise is driven by an
evolutionary, agile, well-delineated and lean approach, which incorporates an open-innovation, co-creation,
multi-stakeholder, and problem-solving approach. Whole architecture design process and its relation to
requirements elicitation process, business analysis and development activities is depicted in Figure 1.

Requirements elicitation process Design process (Architecture definition) Development process

Stakeholder Mapping SWR Architecture Developed functionalities

5 SoilWise use cases JRC ‘ Bridging architecture B e Sprint Backlog

;,_/

User stories derived Kick-off hitect
PR y User stories epics architecture Bl B = TS
: *
pmmmm——— Llnd & 3rd iteration

st iteration

: : 1stiteration
+ g e
Extracted technical Extracted requirements and
components acceptance criteria
I i
2nd & 3rd iteration 1st iteration

+
Consolidated & validated
extracted technical

Consolidated extracted

‘ Extracted requirements ‘
requirements

components 'l‘

: 1 !

2nd & 3rd iteration : ‘ |
¥ +
Technical components | JRC discussions durin:
N p Project backlog fe—) g Grant Agreement . . a

functionalities i Project negotiation phase

Trrmmmnesmsneeeeees "{""' 2nd & 3rd

iteration
Rolling Plan Novel scientific advances

Figure 1 Overview of the co-designing architecture definition process

The process of requirement elicitation was partially described in the D1.1 Usage scenarios, requirements v1. The
presented diagram on Figure 1 is, however, centralized around the Architecture design process. In the first
project iteration cycle the Architecture design process was driven by two main forces. The first one emerged
directly from the development team led by T1.4 (Define SoilWise Architectural Design) working group who
elaborated a first draft of architecture (Kick-off architecture) based on requirements extracted from Grant
Agreement and JRC discussions during the project negotiation phase. The second force emerged from the WP1
working group via stakeholder mapping and elaboration of user stories and epics describing the user-desired
SoilWise Repository functionality. These user story epics were further analysed and technical components were
extracted, consolidated, and finally incorporated in a structured technical description —the “User stories derived
architecture”. The two existing architecture drafts (Kick-off architecture, User stories derived architecture) were
mutually compared and synthesized to the one common design — the “Bridging architecture”. The final, and
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most detailed architecture design arose from the “Bridging architecture” during the technical meetingin Brugges
and it is based on a consensus between stakeholder groups and technical viewpoints, providing an overarching
vision for the upcoming SWR development. Moreover, the SWR architecture together with the Technical
documentation will serve as a base for populating the Project and Sprint Backlog used for development planning.

In the second and third project iteration cycles, we anticipate slightly different design processes. The Project
and Sprint Backlog will be filled primarily with extracted and consolidated requirements emerging from the
stakeholder-defined user story epics and user stories. Any updates related to the architecture design will be
directly reflected in the final SoilWise D1.4 Repository architecture design.

2.2 Kick-off architecture

The very first steps of phase 1 co-designing a user driven SoilWise Repository, were taken already at the in-
person Kick-of meeting in September 2023 in Brussels, where the Architecture working group was set up. During
the first day of the workshop, following open discussions with consortium partners, a first draft of architecture
design was proposed. This “Kick-off architecture design” version (see Figure 2) was based on the experience and
knowledge of the workshop participants and the description of the SWR as promised in the Grant agreement.
Sticky notes represent individual technical components in different level of detail: yellow sticky note was used
in the first round for the component title, orange for description of functions and relationships. On the following
day, the proposed “Kick-off architecture” design was validated against the requirements extracted from the
Grant Agreement (white magnetic notes), and initial discussions with JRC (blue magnetic notes). More

information on the requirements extraction process is available in the Deliverable D1.1 Usage scenarios,
requirements v1, Chapter 6.2.

Figure 2 Kick-off architecture design.




PROJECT NAME — SoilWise

KNOWLEDGE & DATA FLOWS

Project Number 101112838

The initially defined “Kick-off architecture” was later digitalised using a virtual collaborative board called Miro,
where the discussions of the Architecture working group continued during weekly online meetings. The final
version of “Kick-off architecture” design was also elaborated to the ArchiMate notation (see Chapter 3.2) to
document the co-designing process, see Figure 3.

In regard to the ArchiMate notation, the “Kick-off architecture” design did not distinguish between components
and functionalities and also did not comprise a detailed functional description of the components. This was
finalised later in the SoilWise Repository Architecture, see Figure 6. The main aim of the “Kick-off architecture”
was to facilitate discussions in the T1.4 (Define SoilWise Architectural Design) working group until the
requirements elicitation process (see Figure 1) proceeded.
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wMs QO 0GCAPI Q) e =g =@ Fentures =2 Browser 0G6CS0S O Sensor Things -0 v O O0GCAPI -0
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Figure 3 Final version of Kick-off architecture in ArchiMate notation

2.3 User stories derived architecture

In parallel, selected members of the Architecture working group attended to the series of SoilWise use case
stakeholder meetings. These meetings resulted in a ranked list of varyingly detailed user stories epics, which
described the desired functionality from the stakeholder's perspective. Adequately detailed user story epics
were further analysed, and a list of technical components was extracted for each of them (see Table 6 in
Deliverable D1.1 — Usage Scenarios, Requirements, v1 for more information). Technical components extracted
from the user story epics were used to create a first version of the “User stories derived architecture” design of
SWR as perceived by the stakeholders, see Figure 4.

Similar to “Kick-off architecture” design, in regard to the ArchiMate notation, the “User stories derived
architecture” design did not distinguish between components and functionalities and also did not comprise a
detailed functional description of the components. This was finalised later in the SoilWise Repository
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Architecture, see Figure 6. The main aim of the “User stories derived architecture” was to summarize the User

story epics into structured technical description.
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Figure 4 User stories derived architecture in ArchiMate notation
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2.4 Bridging architecture

In the next phase, both versions of the architecture (Kick-off and User stories derived) in ArchiMate notation
were compared with each other, and their synthesis resulted in the “Bridging architecture”, see Figure 5. This
architecture was again validated with the Use cases working group.

As in previous cases, in regard to the ArchiMate notation, the “Bridging architecture” design did not distinguish
between components and functionalities and also did not comprise a detailed functional description of the
components. This was finalised later in the SoilWise Repository Architecture, see Figure 6. The main aim of the
“Bridging architecture” was to interconnect both existing architecture designs (Kick-off and User stories
derived). This version was further cross validated with the Use case leaders and authors of the prioritised User
story epics to avoid any misinterpretation.
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Figure 5 Bridging architecture in ArchiMate notation. Components, that were not considered a part of the SoilWise core
product are highlighted in red.
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2.5 Vision scenarios

In order to steer the development of the SWR in the first iteration cycle, four generalized usage scenarios were
formulated based on the user story epics and use cases:

e a user searches for data & knowledge in the SoilWise Repository to evaluate their applicability for a
given purpose;

e auser downloads or displays soil data & knowledge upon her/his request in “as is” or in interoperable
data format for further analyses;

e auser uploads some data at the SoilWise Repository to be processed / transformed within the SoilWise
Repository to improve their findability and interoperability;

e a third-party system connects to the SoilWise Repository to reuse data findable through the SoilWise
Repository (or stored at the SoilWise Repository) to generate added value for its business;

These were further converted to a list of modular functionalities, which are foreseen as a vision for the SoilWise
core product:
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2.6 SoilWise Repository architecture

During the Technical in-person meeting in Brugges on the 25th and 26th of March 2024, the T1.4 Architecture
working group again discussed and cross-checked the “Bridging architecture” design against the general usage
scenarios, the list of modular functionalities and the current developments related to the role of catalog services
in data exchange, using Data Spaces Support Center — Bluprint v1 as this convergence all community efforts,
including the CSAs in Agricultre (AgriDataSpace project) and Green Deal (Great project). Moreover, to initiate
the development activities of WP2, WP3, and WP4, the team needed to clearly distinguish components from
their functionalities, which were overlapping in the “Bridging architecture”. The final “SoilWise Repository
Architecture 1.0 - Brugges” resulting from these discussions depicted in ArchiMate notation is illustrated in
Figure 6 and can also be accessed at: https://soilwise-architecture.pages.dev/. A detailed functional description
of components can be found at: https://soilwise-documentation.pages.dev/.

This version of architecture is being used as a joint blueprint for detailed solution designs, on top of which
specific applications and services will be built. Note that the findings of the subsequent iterations of the
stakeholder elicitation and validation process (depicted in Figure 1), as well as novel scientific advances resulting
in architecture design updates, will be reflected directly in the “SoilWise Repository Architecture”, all according
to the product backlog and SoilWise Repository Rolling plan.
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Figure 6 SWR Architecture 1.0 — Brugges in ArchiMate notation
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In addition, it would be desirable to have an instantiation of the SWR Architecture 1.0 based on the “generalized
usage scenarios”. This can be realised with message sequence diagrams specifying indicative interactions among
actors and SWR components for each scenario scene.
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3 SoilWise Repository Architecture — documentation

3.1 Introduction

The architecture design was developed using Archi software and is available at the public GitHub repository:
https://github.com/soilwise-he/soilwise-architecture. An interactive read-only version fixed for this deliverable

and corresponding to the Figure 6 is published at: https://soilwise-architecture.pages.dev/.

The documentation of SoilWise Repository architecture is maintained in the public GitHub repository:
https://github.com/soilwise-he/SoilWise-documentation. It comprises description of functionality, detailed

technical specifications and interfaces between all modular components and is structured according to the main
technical components. Note that the SWR documentation is also a living environment that is continuously
updated during the development process. For this deliverable, a stable release is published at: https://soilwise-
documentation.pages.dev/, and a PDF exported version is also available on demand, as non editable version

made at the date of the deliverable submission.

The following Tables (Table 1, Table 2, Table 3, Table 4) summarize the ArchiMate specification used in the
architecture diagrams (Figure 3, Figure 4, Figure 5, Figure 6).

3.2 ArchiMate notation

This chapter provides a guideline to reading architecture in the ArchiMate notation. ArchiMate is an open and
independent enterprise architecture modelling language to support the description, analysis and visualization
of architecture within and across business domains in an unambiguous way. ArchiMate is a technical standard
from The Open Group and is based on concepts from the now superseded IEEE 1471 standard. It is supported
by various tool vendors and consulting firms. ArchiMate is also a registered trademark of The Open Group.

Table 1 Relationships

Relationship Definition Notation

Structural Relationships

Composition Represents that an element consists of one or more o o——
other concepts.

Aggregation Represents that an element combines one or more >
other concepts.

Assignment Represents the allocation of responsibility, o—
performance of behaviour, storage, or execution.

Realization Represents that an element plays a critical role in the  ............ I>
creation, achievement, sustenance, or operation of a
more abstract element.

Dependency Relationships
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Serving Represents that an element provides its functionality %
to another element.

Access Represents the ability of behaviour and active ~ "=77romessssmmnseses
structure elements to observe or act upon passive e

structure elements.

Influence Represents that an element affects the +/—
implementation or achievement of some motivation
element.
Association Represents an unspecified relationship, or one that is
not represented by another ArchiMate relationship. ~
Dynamic Relationships
Triggering Represents a temporal or causal relationship between
elements.
Flow Represents transfer from one element to another. == == ———— b

Other Relationships

Specialization Represents that an element is a particular kind of 4[>
another element.

Table 2 Business Layer Concepts

Element Definition Notation
Business Actor Represents a business entity that is capable BRIRR

of performing behaviour. Actor
Business Function Represents a collection of business

behaviour based on a chosen set of criteria Business (A
such as required business resources and/or Function
competencies and is managed or performed

as a whole.

Business Service Represents explicitly defined behaviour that Business —
a business role, business actor, or business Service

collaboration exposes to its environment.
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Table 3 Application Layer Concepts

Element Definition Notation

Application component  Represents an encapsulation of application Appiication g1
functionality aligned to implementation Component %

structure, which is modular and

replaceable.
Application interface Represents a point of access where Application -O
application services are made available to a Interface O
user, another application component, or a
node.
Application function Represents automated behaviour that can ATt A
be performed by an application Function
component.
Application process Represents a sequence of application Application = |:|l>
behaviours that achieves a specific Process
outcome.

Application event Represents an application state change. Application D
Event
Application service Represents an explicitly defined exposed Application = C)
application behaviour. Service

Data object Represents data structured for automated

Data Object

processing.

Table 4 Technology Layer Concepts

Element Definition Notation

Node Represents a computational or physical Nod 7
ode

i

resource that hosts, manipulates, or

interacts with other computational or
physical resources.

Technology Interface Represents a point of access where O

Technology
technology services offered by a technology Interface

O

internal active structure can be accessed.
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