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2 GUARDEN

Abbreviation / Term | Description
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API Application Programming Interface
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AR-CMS Augmented Reality Content Management System
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CS Citizen Science
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ES Ecosystem Services

EUNIS European Nature Information. System
GBIF Global Biodiversity Information Facility
GPS Global Positioning System
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KPI Key Performance Indicator

M Month

MSP Multi-Stakeholder Partnership

MVC Model View Controller

Pol Point of Interest

POWO Plants of the World Online

SDG Sustainable Development Goals

T Task

TRL Technology Readiness Level

URL Uniform Resource Locator
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Executive Summary

Deliverable D2.5 presents the first version of the functional requirements of GUARDEN system. This
system-level specification comprises the high-level view of the layers and components, as well as tools
and applications, and specifies their interaction patterns, the technical integration points, the
interconnection scheme and the specific interfaces for the exchange of information among them. The
basic system functionalities emerging from the requirement analysis, their mapping over the different
system entities and specific technology axes are performed. Each module is further decomposed into
high-level functional blocks (to be used as the basis for the subsequent detailed specification of each
component) and supported primitives and interfaces.

©GUARDEN, 2023 6
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1 Introduction

GUARDEN'’s main mission is to safeguard biodiversity and its contributions to people by bringing them
at the forefront of policy and decision-making. This involves the development of user-oriented
Decision Support Applications (DSAs) making use of a suite of methods and tools using Deep Learning,
Earth Observation, and hybrid modelling to augment the amount of standardised and geo-localised
biodiversity data, build-up a new generation of predictive models of biodiversity and ecosystem status
indicators under multiple pressures (human and climate), and propose a set of complementary
ecological indicators likely to be incorporated into local management and policy. The GUARDEN DSAs
shall help stakeholders engaged in the challenge to improve their holistic understanding of ecosystem
functioning, biodiversity loss and its drivers and explore the potential ecological and societal impacts
of alternative decisions. Upon the acquisition of this new knowledge and evidence, the DSAs will help
end-users not only navigate but also (re-)shape the policy landscape to make informed all-
encompassing decisions through cross-sectoral integration.

This document presents a first version of the functional requirements of the GUARDEN system (as
identified through Task 2.1 and 2.2). This system-level specification comprises the high-level view of
the layers and components, as well as tools and applications, and specifies their interaction patterns,
the technical integration points, the interconnection scheme and the specific interfaces for the
exchange of information among them. The basic system functionalities emerging from the
requirement analysis, their mapping over the different system entities and specific technology axes
are performed.

A second version of the specifications of GUARDEN system will be provided later in the project (at
month 18) and will contain revised/completed technical specifications, in particular the ones related
to non-function requirements concerning performance, scalability, security and privacy aspects.

©GUARDEN, 2023 7
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1.1 Mapping GUARDEN outputs
This section presents the GUARDEN Grant Agreement (GA) commitments, as extracted from the
formal deliverable and task description, in respect to their outputs and work to be performed. The
purpose is to aid the reviewer in finding the specific sections of the document where the respective
tasks’ requirements are addressed but also to guide the author through and serve as a checklist to
address everything that is needed to be addressed.

I I
Uz

TABLE 1: ADHERENCE TO GUARDEN GA DELIVERABLE & TASKS DESCRIPTIONS

TASKS

Task 2.4
GUARDEN
System
Architecture
Design and
Technical
Specifications

Task 2.4 will present the
functional requirementsin a
list of functional properties
that must be implemented
and supported within the
context of environmental
observation, as identified
through Task 2.1 and 2.2, as
well as the non-functional
requirements concerning
performance, scalability,
security and privacy aspects.
The GUARDEN reference
architecture will be defined in
terms of system-as-a-whole.
This system-level specification
will comprise the high-level
view of the layers and
components, as well as tools
and applications, and will
specify their interaction
patterns, the technical
integration points, the
interconnection scheme and
the specific interfaces for the
exchange of information
among them. The basic
system functionalities
emerging from the
requirement analysis, their
mapping over the different
system entities and specific
technology axes will be
performed. Each module will
be further decomposed into
high-level functional blocks

Section 3-6

Section 3 provides a global
overview of the architecture
of GUARDEN system, section
4-5 then focuses on the
functional description of the
different components of the
system and on their
interactions, while section 6
provides an overview of the
standards and common
exchange formats to be used
within GUARDEN system.

A second version of the
specifications of GUARDEN
system will be provided later
in the project (at month 18)
and will contain
revised/completed technical
specifications, in particular
the ones related to non-
functional requirements
concerning performance,
scalability, security and
privacy aspects.
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(to be used as the basis for
the subsequent detailed
specification of each
component) and supported
primitives and interfaces.

Deliverable - D2.5 - GUARDEN system architecture design and technical specifications - Initial:

Initial version with the technical specifications.

1.2 Deliverable Overview and Report Structure

The document is organized as follows: Section 3 presents a comprehensive global overview of the
GUARDEN system's architecture. In Section 4, a detailed functional description of the system's
individual components is provided, while Section 5 illustrates their interactions through informative
workflow charts. Finally, in Section 6, the standards and common exchange formats to be employed
within the GUARDEN system are thoroughly described.

©GUARDEN, 2023 9
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2 Global Architecture overview

GUARDEN 's global architecture is shown in Figure 1. It has four main layers: (i) top-layer: end-user
applications/front-ends, (ii) second layer: web services & business logic layer, (iii) third layer:
modelling and data access layer and (iv), bottom layer: data storage layer. The components are
classified in three categories:

Key technologies of GUARDEN system (green boxes): those are the 13 main technologies that will be
developed within GUARDEN and that are intended to be used by external end-users or stakeholders
(in addition to internal use). They have been defined according to the output of tasks T2.1 and T2.2
of the project. Hence, each of them is associated with a Tech Card, i.e., a descriptive notice aimed at
being shared with stakeholders (in particular those involved in GUARDEN case studies). The numbering
(and URL) of the Tech Card corresponding to each key technology is provided within each green box
of Figure 1. They will further evolve up to the delivery of D2.1 (functional requirements elicitation
and analysis). It is important to mention that not all GUARDEN's key technologies are developed from
scratch. This includes in particular the Pl@ntNet application that is already used by millions of users
but that will be extended to meet GUARDEN's objectives. Most of the key technologies, on the other
side, did not exist before such as the three Decision Support Applications, the mapping tools, the
Audio ID API, the Al-deliberation analysis tool or the Malpolon software (for training Deep Species
Distribution Models). More details are provided in the detailed description of each key technology
(see section 4.1).

Internal components of GUARDEN system (blue): those are components developed by GUARDEN
partners and that are essential to the functioning of the key technologies listed before, and not directly
accessible by end-users or stakeholders. This includes core technologies such as the Al-based models
for processing in-situ observations and remote sensing data, as well as the databases managing this
data. As for the key technologies, some of these components will be evolutions of already existing
components with high TRL levels (e.g., the back-ends and Data Access Layers) while some others will
be developed from scratch (most modelling tools and Pl@ntNet map server). More details are
provided in section 4.2.

External components (grey): those are components developed outside GUARDEN but that will play
an important role in the system. This includes in particular international biodiversity data platforms
such as GBIF, GLOBI, the EBV data portal, etc. More details are provided in section 4.2.4.

©GUARDEN, 2023 10
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FIGURE 1 - GLOBAL OVERVIEW OF GUARDEN SYSTEM ARCHITECTURE
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3 Components functional description

The Components Functional Description section provides a detailed overview of the key components
within GUARDEN's global architecture. This section briefly describes the functionalities and roles of
each component, highlighting their importance in achieving the objectives of the project. By
understanding the functionalities of these components, stakeholders and technical partners can gain
insights into the core elements that will eventually enable the seamless integration and operation of
GUARDEN's innovative technologies.

3.1 Key technologies of GUARDEN system

This section introduces the main technologies that will be developed within GUARDEN. These
technologies have been carefully chosen based on the project's objectives and the outputs of tasks
T2.1 and T2.2. There are 13 key technologies that will serve external end-users and stakeholders,
offering valuable tools and features.

3.1.1 Decision Support Applications (front-ends)
GUARDEN Contextualisable Dashboard (Human Machine Interface)
tech card: n°12 | hosting: guarden.org

Overview: A unified interface which integrates all the necessary GUARDEN system components
based on the use cases’ needs in order to enhance the user’s experience through unique Decision
Support Applications (DSAs). The graphical Human Machine Interface (HMI) will be implemented,
by leveraging the components of eBOS Platform in order to tailor the solution to the project's
unique requirements.

Functional requirements: The application will take the form of a dashboard with different
modules that can be customised according to each case study. In particular, there will be a
cartographic module whose spatial range will be defined by the geographic area of the case study
(in the form of a shapefile). The cartographic module will allow to display the various layers
available for the study area (already available or produced by other components of GUARDEN
system), as well as background maps. Other modules will allow to display the indicators available
for the case study through different types of charts, depending on the nature of the input data:
time series plots for indicators with a temporal dimension, column chart categorical data, pie
chart for compositional data, etc. This will include data already available as well as data produced
by the other components of GUARDEN system.

The precise functional requirements of this component being closely related to the outcome of
tasks T2.1 and T2.2 of the projects (in particular deliverables D2.1, D2.2 and D2.3), they will be
mainly addressed in the next version of the technical specifications of the GUARDEN system (in
deliverable D2.6, due at month M18).

©GUARDEN, 2023 12
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GeoPl@ntNet

tech card: n°13 | hosting: plantnet.org

Overview : GeoPl@ntNet is a web application that makes biodiversity indicators easily accessible
and understandable for everyone in the form of interactive maps and fact-sheets available at EU
scale. Its development is inspired by an earlier prototype called Al-GeoSpecies, developed as part
of the European project Cos4Cloud, but it will be a completely new application within the Pl@ntNet
platform. In particular, it will be based on a new map server developed as part of GUARDEN (see
section 4.2.3), a new spatial data modulization and production workflow (also non-existent to date),
and major extensions to the Pl@ntNet back-end.

Functional requirements: A first mockup of the application has been produced. It is accessible
online and reproduced in Annex. The Graphical User Interface includes two main windows (see
Figure 2 below), one containing an interactive map and the other one containing multiple fact-
sheets accessible though different tabs (species, habitats, conservation, threats, ecosystem). The
fact-sheets are dynamically updated when the user selects a new area or point of interest anywhere
on the map in Europe (the exact footprint for Europe is provided Annex). Different layers can be
displayed on the map, overlaying the background maps (with adjustable transparency). The type of
available layers depends on the selected tab, e.g. a species diversity indicator layer when the species
tab is selected or a EUNIS habitat types layer when the habitat type is selected. At the same time
the content of the fact-sheets change from one tab to another depending on the information and
indicators to be displayed (see mockup). All the indicators are computed based on the plant species
assemblages predicted at any location based on a Deep Species Distribution Model. The target
spatial resolution at the end of the project is 50x50m resolution grid but lower resolutions will be
implemented for the initial version of the tool. A first set of foreseen indicators is provided in the
mockup but it will be revised/enriched later on according to the feedback of stakeholders/end-
users. In the first version of the application the time dimension won't be taken into account. In the
final version of the application, past and future state of biodiversity indicators will be made
available.

2 = F Q GeoPi@ntNet % English ~ (@) alex
Pl@nt jent xplore Contribution roups BETA

Discover plant biodiversity close to home and help protect it better

Species Habitat Conservation Ecosystem  Threat

/ .a Presence of species '
] ¥/ eﬁg on the red list
o
e —~
S Presence of cash on the '
European directive

Presence of '
10km o nationally/locally protected
5mi Meze - eaflet | © OpenStreetMap contributors

species

FIGURE 2 - GEOPL@NTNET APPLICATION MOCK-UP HOME PAGE
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Citizen Science data visualization
tech card: n°7 | hosting: guarden.org

Overview:

A dashboard for evidence-based decision-making supported on citizen science data: data
visualisation platform for supporting the deliberation in multistakeholder initiatives. The platform
consolidates observations and facilitates the interpretation and use of the citizen science data.

The dashboards are using Python language to extract and analyse data from Minka website, Plotly
and Folium to visualise data and Streamlit to create the interactive dashboard.

Functional requirements:

The different dashboards will be published in a server to be determined, linked to Minka. It will be
possible to have private dashboards, with authentication via username and password, for the
projects that so wish, and public dashboards, available to any user. Different metrics and plots will
be available to customise the dashboard to fulfill the user’s needs.

3.1.2 Data collection Apps (front-ends)

Pl@ntNet app

tech card: n°2 | hosting: plantnet.org

Overview : Pl@ntNet is a citizen science platform and information system that relies on Artificial
Intelligence (Al) to facilitate the identification and inventory of plant species. It has three main
front-ends: Pl@ntNet android, Pl@ntNet iOS and Pl@ntNet web. Pl@ntNet is based on a
cooperative learning principle as illustrated on Figure 3 below. The Pl@ntNet user community
generates a large number of plant observations in the field. An observation can contain from one
to five images of the observed specimen and a set of metadata such as the date of observation,
the GPS (Global Positioning System) coordinate, or the type of view of image (flower, leaf, fruit,
entire plant, etc.). Each observation is automatically identified by an Al algorithm (detailed later in
this section) and the candidate recognized species are returned to the observer for confirmation.
All observations are stored in a database and can be reviewed by the community. A user can
typically confirm the initial species name shared by the observer (with the help of the Al) or
propose an alternative species name. Only the observations that reach a sufficient degree of
confidence are labelled as valid observations and are added to the training set of the Al model. To
take into account the new observations and revisions made by the community, the model is
retrained regularly. This is typically done on a monthly basis (rather than, e.g., a daily basis) to
limit energy consumption and carbon emissions.

©GUARDEN, 2023 14
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FIGURE 3 - SCHEMATIC VIEW OF THE COOPERATIVE LEARNING WORKFLOW OF PL@ANTNET

Functional requirements :

1- Pl@ntNet's first major evolution need within GUARDEN is to make it more efficient and user-
friendly in every country in Europe and more generally, in the long term, everywhere in the world.
Indeed, the taxonomic backbone used previously in Pl@ntNet was a collection of heterogeneous
flora of uneven quality from one country to another, and a large fraction of species in many
countries were not covered or badly covered (invalid taxa names, missing species, irrelevant
species, etc.). In order to solve this limitation, the entire platform will be migrated to a new, globally
homogenous backbone. The choice fell on the Plants Of The World Online, a global checklist
maintained by Kew botanical Gardens in the context of an international collaborative. It will be
integrated in conjunction with the World Geographical Scheme for Recording Plant Distributions,
an agreed system of geographical units defined by the Biodiversity Information Standards (TDWG).
This integration will require a major evolution of the whole Pl@ntNet system, including the
database structure, the data access layer, the artificial intelligence training and the front-end
themselves. This migration must be carried out without interrupting the application's service, and
with backward compatibility with old versions of the application during a period of time of at least
12 monthes.

2- Pl@ntNet's second major progression requirement within GUARDEN is to develop new features
for vegetation plots records rather than individual plant records as is currently the case. A user
must be able to:

— create an observation plot with associated metadata (title, description, date)
— populate an observation plot with HD images of the plot

— automatically identify the species in the HD image(s) of an observation plot
— populate an observation plot with existing Pl@ntNet observations

— manage the list of species names present in the plot

— record the abundance of each species present in the plot

— record the coverage percentage of each species in the plot

— record the phenological stage of each species in the plot

— associate the plot with a geo-location or a polygon of its spatial footprint

— publish plot observations in a Pl@ntNet group

— publish plot observations in GBIF

3- The third new feature of Pl@ntNet is to enable the import of observations by batch within the
database. Many institutions and private individuals have large batches of plant observations that
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they would like to share on the platform. However, importing observations at present can only be
done by uploading them one by one, which would take a considerable amount of time. This is a
major obstacle to the integration of existing data, particularly for the rarest species and the least
surveyed regions. A new interface will be developed in the Pl@ntNet web application to enable
plant observations to be imported in batches. This interface will enable to:

— Select a batch of images using the file explorer

— Import images and exif data if available

— Import metadata associated with images in the form of a CSV file provided by the user
— Automatically identify the most likely species of each image

— Manually enter /revise species names and metadata (date, position, comments)

— Merge several images in a single Pl@ntNet observation

— Flagissues (non-plant images, observations without dates, non-identified images, etc.)
— Choose flora in which to push the observations

MINKA data collection

tech card: n°6 | hosting: minka-sdg.org

Overview:

Minka is a citizen science platform for collecting biodiversity and environmental data focused on
the sustainable development goals (SDGs). The platform supports the collection, storage and
publication of the data. The observations are validated through a collaborative process that includes
experts by training and by experience.

Minka’s front end includes a web application built in Ruby on Rails and a mobile application
available for Android and iOS devices. Dashboards and a Jupyter-based virtual research
environment complement these user interfaces. The front end includes a publicly facing application
programming interface (API) for programmatic access and an internal API that supports different
system features.

Functional requirements:

MINKA, will undergo substantial improvements during the development of GUARDEN. These
enhancements will be primarily divided into three main areas: User Experience, Type of Data
Collection, and Integration of third-party services, such as Al identification tools like Pl@ntNet.

To elevate User Experience to new heights, the web front-end will undergo comprehensive
optimization, focusing on refining the iconography and streamlining the identification process of
diverse taxonomic groups for users. A user-friendly interface will be crafted to provide seamless
navigation, making it effortless for users to access the information they seek. Notably, the
notification system for identified observations will be fine-tuned to ensure timely and relevant
alerts, enhancing user engagement, and encouraging active participation.

MINKA's evolution goes beyond user experience, as one of its groundbreaking changes will be the
integration of environmental variables. While the platform currently allows collecting biodiversity
data, it is set to broaden its horizons by accommodating additional variables, such as water
temperature, to provide a comprehensive understanding of ecosystems. This progressive expansion
of variables will facilitate the inclusion of data that support the SDG’s monitoring.

In the realm of third-party service integration, MINKA is embracing cutting-edge Al identification
tools like Pl@ntNet, enabling users to tap into a wealth of knowledge and expertise to accurately
identify plant species. Moreover, a second third-party service dedicated to marine species is also in
the pipeline and is undergoing rigorous testing to ensure its seamless integration and accuracy.
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Recently released on both Android and iOS platforms, the MINKA apps will undergo thorough
testing and continuous improvements throughout the project's development. Functionalities will
be refined, ensuring that users can conveniently access MINKA's features on their preferred devices.
Furthermore, the visual aspect of the mobile apps will be refined, providing an intuitive user
experience.

Additionally, legal aspects related to policy, community guidelines, and GDPR compliance are
currently in the process of implementation. These measures are being put in place to ensure the
ethical and responsible management of personal data and all other data collected within the
platform.

3.1.3 Engagement App (front-ends)

Augmented Reality Visualization Tool
tech card: n°10 | hosting: Available through link

Overview: The main purpose of the AR visualization tool is to engage and educate a broad group of
end-users towards biodiversity conservation. To this end, the mobile AR application will enable
stakeholders to be informed about thematic information (i.e., biodiversity/ecosystem associated
observations) and users will be able to explore alternative scenarios in terms of the impact of
related decisions, while being provided with actionable insights that will increase their
understanding.

The overall GUARDEN AR solution is designed to support two different entities, the AR Content
Management System (AR-CMS), and the mobile AR app. The solution supports both the addition
and editing of the content and its visualization and demonstration. The AR-CMS is a web-based
application that allows the administrators and content owners to create campaigns and add
content, and the AR mobile application (AR app) is designed to provide the generated experiences
to the end users. The AR CMS allows the administrator of the web-based application to create AR
campaigns with Points of Interest (Pols) on the map. The Pols contain the content. Through the
database that all information is stored, the users of the AR app access the AR content as soon as
they reach the location of the Pols. Finally, the AR app will communicate with other GUARDEN
system elements to provide alternative experiences through image detection and sound
recognition.
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Functional requirements: The AR application for water reuse and engagement to Circular Economy
principles developed within the NextGen project will be further developed to support 3D models
and representation of biodiversity and ecosystem indexes. In more detail, to support collaboration
and interoperability within the tools of GUARDEN, the functional requirements of the AR are the
following:

Object detection
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FIGURE 4 - OVERVIEW OF THE AUGMENTED REALITY VISUALIZATION TOOL

The AR app MUST authenticate and login the User

The AR app MUST provide the campaigns created within the AR-CMS

The AR app MUST allow to select and start a campaign

The AR app MUST give the ability to the select and navigate to a POI through a map

The AR app MUST enable the content linked to a POI and allow interactions with it

The AP app MUST be able to enable created quiz and gather feedback.

The AR app SHOULD initiate the campaign’s assessment form upon completion

The AR-CMS SHOULD visualize stats related to a quiz or on assessment

The AR app SHOULD allow to capture an image and present info provided upon plant
detection

The AR app SHOULD allow to produce a sound recording and present info provided upon
bird species identification

The AR app SHOULD retrieve and present biodiversity maps

The AR app COULD visualize info regarding habitat changes (losses or restoration) across
the years

The AR app COULD present 3D models or maps with layers, like spatial distribution of a
scenario (land use, fisheries, climatic conditions) and their consequences
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3.1.4 Mapping tools

Biodiversity indicators mapping tools
tech card: n°11 | hosting: plantnet.org

Overview : Workflow required to create the biodiversity indicator maps that will be integrated into
the system's end-user front-ends (the decision support applications in particular). Each indicator
will be computed from a specific pipeline of models and algorithms. For instance, the mapping of
EUNIS habitats will be computed by first applying a Deep Species Distribution Model to predict the
species assemblages on a spatial grid, and then applying a species-to-habitat model to classify the
habitat. A number of indicators have already been identified in the context of Task 2.3 (as listed
below) and additional ones will be defined in the final version of the specification of the system.

Functional requirements:
The workflow will include the following processing elements:

— run pre-trained Deep Species Distribution Model in inference mode on a spatial grid with a
resolution up to 50x50m at EU scale (exact footprint in Annex). Input data of the Deep
Species Distribution Model may include:

o Copernicus data:
= Sentinel 2 RGB/NIR image patches anywhere in Europe (at 10x10m
resolution) and at any month between 2014 and today (more details here)
= Montlhy Landsat multivariate time-series (RGB, NIR, SWIR1, SWIR2) at any
spatial position in Europe (30m resolution) from 2003 to today, at any
position (more details here)
o Environmental rasters:
= 19 Chesla bio-climatic variables at 1km resolution (as specified here)
= 4 Chelsa climatic variables time series per month from January 2000 to
June 2019 (as specified here)
= Elevation data at 30x30m resolution (as specified here)
=  Human footprint data (as specified here)
= Land Cover data (as specified here)
= Soil attributes data (as specified here)

— Filter and store the output of the Deep Species Distribution Models to include at least the
500 most probable species at any position in Europe (based on the 50x50km grid) jointly
with their probability of presence

— Compute indicators from the list of predicted species at any position in Europe including:

o Shannon index

o Presence/percentage of endangered species (according to IUCN red list)

o Presence/percentage of protected species in the EU habitat directive

o Presence/percentage of exotic invasive species (according to CABI or GRIIS)

— Run post-processing models from the list of predicted species at any position in Europe to
compute indicators including:

o EUNIS habitat classification models
o IUCN status prediction models
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Mapping future trajectories of biodiversity and ecosystem services

tech card: n°1 | hosting: HUA repository

Overview: This modelling framework will quantify and map the future states of biodiversity and
ecosystem services (ES) at the European and case studies levels under different policy and climate
scenarios. The effect of potential determinants (such as bio-climatic, land-use and socio-economic
parameters) will be assessed through Bayesian Belief Networks (BBN) to predict the future
trajectories of biodiversity and ES. Based on other outputs of GUARDEN's tools, the implementation
of various mitigation measures and strategies will be tested for their effectiveness in maintaining
and enhancing the provision of ES. By combining information on biodiversity, ecosystem services
and stakeholder priorities this module will facilitate decision making processes by translating
scientific knowledge to actionable decisions for the sustainable management of ecosystem services
and biodiversity.

Functional requirements:
The mapping and modelling framework for assessing the future of ecosystem services include two
main components:

1. Mapping the past and current status of ecosystem services
The input data will include among others:
* Biodiversity data, species distribution models
® Bio-climatic parameters
Land-use/cover (LULC) data, including habitat maps
Earth observation data
® Socio-economic data
The outputs will include maps of the past and current state of ES (supply, demand, flow)

2. Mapping the future state of ecosystem services:
The input data will include:
e Biodiversity indicators
* ES maps
e Stakeholders’ priorities
e Effect of potential drivers on ES (measured through Bayesian Belief Networks -
BBN
The outputs of these models will represent the future states of biodiversity and ecosystem
services.
e Spatially-explicit biodiversity indicators (e.g., remote sensing based)
¢ Information on the drivers and pressures that affect each ES
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Landscape dynamics mapping tools
tech card: n°9 | hosting: DRAXIS repository

Overview:

This module will provide spatial information over the case study area on the evolution of land use
/ land cover and the landscape’s structure as well as its changes over time in the form of geodata
raster maps. The contribution of underlying drivers will be assessed to reveal their impact on
landscape changes. This will provide a basis for understanding the potential impact of future
decisions on the landscape composition and structure.

Functional requirements:

The landscape dynamics mapping will implement an object-based image analysis model into a great
amount of satellite imagery datasets of time steps over the past decades and provide several
classification schemas on these periods. As a result, the land use / land cover mapping will be
assessed over several time periods and the outputs will be enhanced with respect to spatial
resolution and data quality. The outputs will be provided into raster formats for other tasks to use
as input on other models as well as for visualisations into web map tools.

3.1.5 Open APIs

Pl@ntNet PhotolD API
tech card: n°3 | hosting: my.plantnet.org

Overview: Pl@ntnet photolD APl is a web application allowing developers to use Pl@ntNet’s
identification engine as a RESTful JSON based Web service. The application includes the following
features:

— User account creation and management through a user-friendly personal dashboard (e.g.
graph of the number of queries per day)

— Secured access to the web services with an API key

— Image-based species classification: the service returns the list of species corresponding to
the query image(s), each associated with the probability output by the deep learning model

— Similarity search: the service returns the closest pictures to the query which allows the user
to visually control the returned species

— Continuous improvement: Pl@ntNet model is regularly updated with new knowledge
(revised collaboratively by Pl@ntNet community) and new deep learning models
architecture

— Automated rejection of non-plant images including pornographic contents, faces, personal
objects, etc.

— Rich documentation for developers

— Quality-of-service: advanced monitoring tools, automatic restart, scalability, identification
quality monitoring and non-regression guarantee

Functional requirements:
In the context of GUARDEN, Pl@ntnet photolD API will be enriched/extended in several ways:

1. Development of new routes compliant with the global checklist Plants Of The
World Online: as mentioned earlier, the entire Pl@ntNet platform will be migrated to a
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new, globally homogenous backbone maintained by Kew botanical Garden in order to
better cover the European and world floras. This integration will require a major evolution
of the API with the development of new routes, new unit tests on theses routes, new
monitoring tools for these routes, new documentation, etc. This has to be done while
maintaining the compatibility with the previous routes (integrated in many third-party
applications).
2. Development of new routes compliant with the ARISE digital species identification
API format: the ARISE project has defined a standardized way for species identification
algorithms to describe what they have localized and identified in media items. It is flexible
enough to cover images, sounds, video, and more; it can represent general classification
results as well as detections in "bounding boxes", and detections linked across multiple
images. In order to foster interoperability between all EU projects related to biodiversity
monitoring, we will develop new routes in Pl@ntNet API based on the ARISE specification
(that is public and open).
3. Development of a new service for the processing of vegetation plot images: the
current version of Pl@ntNet API only allows to recognize the species of individual plant
images. Beyond this, one of the objectives of GUARDEN is to automate the monitoring of
plants carried out in the form of protocolized inventories of vegetation plots (e.g. quadrats
of 1x1m). Therefore, a new service allowing to detect/identify all plants in a vegetation
plot image will be developed. The new developed route(s) will allow:
a. submission of one high resolution image of a vegetation plot
b. configuration of the type of regions of interests to be used: (i) fixed grid with or
without overlap of the tiles, (ii) pyramid of multiple resolutions with or without
overlap of the tiles, (iii) blind segmentation of the image, (iv) specific detectors (e.g.
flower detector, fruit detector, etc.)
c. configuration of the type of results to be returned: (i) presence/absence of species,
(i) number of regions of interest per species (weighted or unweighted by
confidence score), (iii) full identification results of all regions of interest.
4, Development of a new access control system with fine-grained permissions, to
associate more accurately use cases and partners with available API routes.

Naturalis AudiolD API: Bird sound Identification

tech card: n°5 | hosting: Naturalis server to be defined

Overview: Naturalis runs image and sound identification web services at the Dutch national level
(the “Arise” programme), including a service for hosting new recognition algorithms. Naturalis has
developed and agreed a common RESTful JSON API specification for image/sound recognition
services for Arise and also with GUARDEN partners. Using this specification and the Arise
infrastructure, Naturalis will develop a European bird sound recognition service. The Arise
infrastructure offers, among other things:

e Web service (a live API) to submit audio files, and to return bird species prediction
e Secured access to the web services with an API key or other authorisation token
® Good provisions for quality-of-service

Functional requirements:
In the context of GUARDEN, the bird species recognition APl will be developed, tested, and launched
as a live service:
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¢ Single-label species classification (recognition of 1 prominent species in a given audio clip),
covering hundreds of European bird species, with a later aim to expand this to multi-label
(recognition of all species audible in a clip).

e (Classification algorithms producing output compliant with the ARISE digital species
identification API format: the ARISE project has defined a standardised way for species
identification algorithms to describe what they have localized and identified in media items.
It is flexible enough to cover images, sounds, video, and more.

o The algorithms will be made available for use through an online API. The algorithms
will also be shared within the GUARDEN network (e.g. for partners to use offline)
and in most cases these will also be published openly.

e  Outputs with clear metadata (e.g. using Arise format and the AudioVisual Core metadata
standard) so that the predictions are interpretable and reusable.

¢ Documentation of sound recognition quality for both smartphone audio recordings and for
some common acoustic monitoring devices, in European habitats.

GeoPl@ntNet API
tech card: n°14 | hosting: plantnet.org

Overview: GeoPl@ntNet API is a web application for developers allowing to use the main features
of the GeoPl@ntNet application as RESTful JSON based web services.

Functional requirements:
GeoPl@ntNet APl will be integrated as a new route within my.plantnet.org.
The main input of the route will be the spatial region of interest (Rol) defined either as:

— apolygon
— apoint + radius
The output of the service will be configurable and will include the following possible information:

— species present in the Rol according to GBIF (with number of occurrences) - configurable
with filters such as the year range or the IUCN red list category.
— species list potentially present in the Rol according to the predictions of the DeepSDM
model(s) available in the area (default one or specified by the user)
— Meta-data about the species (e.g., GBIF species Id, IUCN red list category)
— Biodiversity indicators:
o Shannon index (computed on the species present and/or potentially present)
o Presence/percentage of endangered species according to IUCN red list (computed
on the species present and/or potentially present)
o Presence/percentage of protected species in the EU habitat directive (computed
on the species present and/or potentially present)
o Presence/percentage of exotic invasive species (according to CABI or GRIIS
(computed on the species present and/or potentially present)
o EUNIS habitat(s) according to available data sources (e.g. EBV portal, Carhab ) as
inferred from the species present and/or potentially present, or

Additional options/types of outputs will be updated in the further version of this deliverable (D2.6).
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3.1.6 Other key technologies
Al-based deliberation analysis tool
tech card: n°8 | hosting: CSIC repository

Overview: This module will create the technology components required for the analysis and
support of deliberation in citizen science projects. These components will support the collection
and storage of citizen science discussion forums, the evaluation and analysis of the discussions and
provide support to empower deliberation.

Functional requirements: The first stage of the development of components will gather the
deliberation taking place in CS discussion forums and store them in a structured database. We will
specifically focus on Discourse based forums, since Discourse is the most used platform for the
creation of fora in CS. To crawl the discussions, we will implement a Python module, relying on the
Beautiful Soup module.

The second stage will analyze the discussions trying to identify the different communities and
categories of messages, providing an answer to the question: What are the main characteristics of
the discussions taking place in CS fora?

The third stage will concentrate on evaluating the quality of the deliberation taking place in
discussions by means of the automation of tools such as the Deliberation Quality Index.

Finally, we will provide simple ways to improve the deliberation taking place in these communities,
for example, by identifying how experts can contribute to a specific discussion and pointing them
to the discussion to see if they can collaborate.

Malpolon (Deep Species Distribution Modeling framework)
tech card: n°4 | hosting: Github public repository

Overview:

Malpolon is a generic, free and open-source deep learning framework for training high- resolution
predictive models of species compositions and habitats from remote sensing and in-situ observation
data.

Functional requirements:

This work started with an existing INRIA framework (pytorch-based) developed for Deep Species
Distribution Modelling. It will be refactored and extended with (i) improved modularity, (ii) new
data loaders (in particular for the already identified data sources listed in the methodology section),
(iii) new model’s architectures (in particular models based on Transformers aimed at exploiting
long-term and long-distance dependencies), (iv) new loss functions (in particular for species
assemblages prediction) and, (v) a new inference module allowing to compute high resolution maps
for any user-specified area and resolution. A public GitHub repository will be set up with
documentation, helpers and tutorials facilitating the usage of the framework by GUARDEN partners
and by the community of external users.

In more detail, Malpolon will implement the following features:
Datasets, datamodules, dataloaders

— Load, transform, split and sample data for pytorch-friendly dataloaders
— Supports existing datasets for the training of DeepSDMs including GeolifeClef2022,
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GeolifeClef2023 and GeolifeClef2024 datasets

— Support the integration of generic raster multi-spectral datasets like Sentinel-2, landsat,
Chelsa climate, etc. Data can be stored either as pre-extracted chips (patches) or as big
raster files (geotiffs)

— Support the compatibility of datasets implemented within TorchGeo (a PyTorch domain
library providing datasets, samplers, transforms, and pre-trained models specific to
geospatial data.)

Models

Models can be imported from torchvision or timm through a model provider module.
One can easily change a model's last and first layers through the framework.
Support the training of models based on different tasks including classification with cross entropy,
multi-label classification with binary cross entropy, abundance prediction with Poisson regression ,
new loss functions developed by PhD students.

Training, inference

The train/val/test model training is based on pytorch lightning and implemented in the framework
so that one user only has to instantiate a datamodule (containing a dataset), a model, a trainer
(always the same). Inference: it is possible to run the model in inference mode on a single data
point or on a test dataset. It is possible to easily change the state_dict keys

Parametrization
- Models, training mode and dataset choice are parameterizable in config files read by every main
files

- Add on-the-fly transform feature to RasterTorchGeoDataset

- Allow users to choose whether they want raw logits output before their loss or not (supposedly to
implement custom losses), all without having to change their parametrization.

- Update the framework to work with newer versions of torchmetrics and pytorch lightning
- broaden the range of usable metrics Implementation of transformers system

- Better support of multi-modalities in input data transformations and augmentation especially for
data of different sizes

3.1.7 Internal components of GUARDEN system

This describes the internal component of GUARDEN system. Those are components developed by
GUARDEN partners and that are essential to the functioning of the key technologies listed before,
and not directly accessible by end-users or stakeholders.

3.1.7.1 Models
This section describes the main models built within GUARDEN enabling the key technologies to
operate.
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Plants Photo ID models: These are the Al models that will be used in Pl@ntNet's application and
Pl@ntNet’s Photold API (see section 4.1.2 and 4.1.5). They will be based on the latest architectures
of transformers trained with self-supervision (such as BEIT [Bao2021] or DinoV2 [Oquab2023]). They
will be fine-tuned on millions of Pl@ntNet images labelled with the POWO taxonomy and evaluated
on various benchmarks before being integrated. They should significantly improve the current
identification accuracy by more than 50% without increasing the computational load of Pl@ntNet
servers. The models will then be extended with additional layers/modules for the identification of
multiple species in HD images of vegetation plots observations such as quadrat images, drone images
or car views. Those extensions will be evaluated on various benchmarks before being integrated in
new routes of the Pl@ntNet’s Photold API and in the new plot observations features of Pl@ntNet app.
The models will be trained on Jean-Zay super-computer equipped with thousands of GPUs.

Bird sound recognition models: These are the Al models that will be used in the Audio ID API. They
will be based on the latest architectures of deep learning models such as convolutional networks or
vision transformers applied to audio spectrograms. They will be trained on large amounts of audio
recordings coming primarily from xeno-canto (a web portal dedicated to sharing wildlife sounds from
all over the world and involving research scientists, expert birders as well as amateurs), though other
sources may also be used. The species coverage is determined using the register of European Breeding
Birds. Validation of performance will be conducted on a per-species level to ensure balanced coverage,
and also with attention to the expected sources of audio (smartphones, Audiomoths; in various
European habitats).

Species distribution models: these are the models that will be used by the biodiversity indicators
mapping tools and by the GeoPl@ntNet application to predict the list of species potentially present
at any location in Europe. They will be based on DeepSDMs in the continuity of Inria’s research work
in this area (see e.g. [Deneu2022], [Estopinan2022], [Deneu2021]).

A first ensemble of models will be trained at the EU level based on 5M (filtered) GBIF occurrences and
the following predictors:

o Copernicus data:
= Sentinel 2 RGB/NIR image patches anywhere in Europe (at 10x10m resolution)
and at any month between 2014 and today (more details here)
=  Montlhy landsat multivariate time-series (RGB, NIR, SWIR1, SWIR2) at any
spatial position in Europe (30m resolution) from 2003 to today, at any position
(more details here)
o Environmental rasters:
= 19 Chesla bio-climatic variables at 1km resolution (as specified here)
=  Elevation data at 30x30m resolution (as specified here)
=  Human footprint data (as specified here)
= Land Cover data (as specified here)
=  Soil attributes data (as specified here)

The models will be trained on Jean-Zay super-computer equipped with thousands of GPUs.

The models will be evaluated separately and jointly on a test dataset of expert presence/absence data
available in France and UK (CBNA, CBNMed, Inventaire forestier IGN and NPMS).
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https://lab.plantnet.org/seafile/lib/2f802344-665f-46e1-bb69-69e7e73542e3/file/public_files/EnvironmentalRasters/LandCover/LC_README.txt
https://lab.plantnet.org/seafile/lib/2f802344-665f-46e1-bb69-69e7e73542e3/file/public_files/EnvironmentalRasters/Soilgrids/Readme.txt
https://www.cnrs.fr/fr/jean-zay-le-supercalculateur-le-plus-puissant-de-france-pour-la-recherche
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Further models will be specified in the next version of this deliverable (D2.6). They will include more
precise models that will work only locally, in particular in the case studies areas.

Biodiversity indicators models: these are the models that will be used by the biodiversity indicators
mapping tools and by the GeoPl@ntNet application to compute specific indicators from the list of
plant species present or potentially present at a given location. This will include:

> species-to-habitat models: these models will predict the type of EUNIS habitat computed
from the list of species present at a given location. Several types of models will be trained and
evaluated including: Random Forest, Multi-layer perceptron, XGBoost and Natural Language
Processing models such as BERT. The models will be trained on a large dataset of hundreds of
thousands of vegetation plots provided by the European Vegetation Archive.

> species status prediction models: these models will predict the IUCN red list status of species
that have not been evaluated by IUCN experts so far. The models will be based on Random
Forest or Multi-layer perceptron algorithms and will take as inputs different types of data
including: (i) spatial statistics computed from the existing GBIF occurrences of the species and
(ii) environmental features computed by a DeepSDM (i.e. the models described in the above
paragraph)

> species interaction models: these models will enrich the assessment of ecosystem
composition by predicting the species interacting with the plant species present or potentially
present at a given location (e.g. pollinators or birds). They will build upon existing knowledge
graphs of interactions providedwithin the GloBi infrastructure, in conjunction with
observation and model prediction data from GBIF or the data collected within GUARDEN. The
primary focus will lie on predatory and herbivory interactions between species, but positive
interactions such as pollination will also be considered during this task.

Future ecosystem services modelling framework: The framework to mapping and assessing future
ecosystem services (ES) includes: 1) the use of indicators and process -based models for mapping the
past and current state of ecosystem services, and 2) the development of Bayesian Belief Networks
(BBNs) for modeling the future ES state.

> ES/NCPs indicators and process-based models: The final ES indicators and models that will
be used and applied within GUARDEN will be defined after the first scheduled workshops with
the case studies and the relevant stakeholders. Using multiple datasets, such as Earth
Observation data (Landsat, MODIS), ES initiatives and land/climate monitoring products
(Copernicus), different ES will be quantified, such as climate regulation, soil erosion
prevention, energy production, recreation potential. For the quantification of ES various
process-based models will be applied including the CASA (Carnegie-Ames-Stanford Approach)
model, the Revised Universal Soil Loss Equation (RUSLE) model, and the Recreation Potential
Indicator (RPI) which is based on the Recreation Opportunity Spectrum framework. The ES
measured will then be combined to create a multi-tiered index of ecosystem
multifunctionality.
> BBNs: For the development of the BBN, the gBay platform developed by Stritih et al. (2020)
(https://wiki.gbay.ethz.ch/doku.php?id=start) will be used which is an online platform for
spatial and iterative modelling with Bayesian Networks. A Bayesian Network is a directed,
acyclic graph with an underlying joint probability distribution; It consists of four parts:
o A set of nodes representing variables, each with a set of mutually exclusive (discrete
or continuous) states. These will be defined with case study leaders and stakeholders.
A good way to find a set of relevant influence factors is a workshop with experts or
stakeholders. Before the workshop, a list of relevant factors can be compiled based
on literature or expert interviews. At the workshop, the participants individually rank
the importance of the individual factors. Then, the ranking is discussed to find a
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consensus about a set of most relevant influence factors. Then the nodes will be
created using the software Netica.

o A set of links representing the (directed) causal relationships or dependencies
between these nodes. In the next step, the relationships between the nodes are
included as directed links (causal relationships) in the network. The resulting network
will be reviewed by other experts, and by the relevant stakeholders. During the
process, it is often necessary to return to the previous step and define new nodes or
redefine existing nodes. The link between two nodes will be created using Netica.

o A set of probabilities specifying the belief that a node will be in a particular state for
each combination of its parent nodes’ states (Conditional Probability Tables - CPTs).
The links between nodes in a BBN are represented by conditional probability tables,
where a probability distribution of a child node is defined for every combination of
states of its parent nodes. Depending on the availability of data or models, various
methods can be used to populate CPTs, from expert elicitation to “learning” from
data. During this process, we may find it necessary to return to previous steps and
redef