2 GUARDEN

safeGUARDINg biodivErsity aNd critical
ecosystem services across sectors and scales
D2.6- GUARDEN system architecture design
and technical specifications Final

Document Summary Information

Grant  Agreement| 101060693 Acronym GUARDEN

No

Full Title safeGUARDing biodivErsity aNd critical ecosystem services across sectors
scales

Start Date 01.11.2022 Duration 36 months

Project URL https://guarden.org/

Deliverable D2.6

Work Package WP2

Contractual due | 30/04/24 Initial submission date | 30/04/204

date Date of submission of| 10/09/204

the revised version
Nature OTHER Dissemination Level PUZz Public
Lead Beneficiary Inria

Responsible Author | Alexis Joly

Contributions from | loanna loannou (eBOS), Sozos Karageorgiou (eBOKaren Soacha (ICMSIC),
Ana Alvarez (ICMCSIC), Mathias Chouet, Pierre Bonnet (CIRABEmI Palard
(CIRAD),Dan Stowell (Naturalis), Christophe Van Neste (MBG), Quentin Gro
(MBG), Christodoulos Keratidis (Draxis), Dimitris Tassopoulos (Draxis), Max
Fromholtz (INRIA), Dimitra Tsiakou (ICCS), Roxanne S Lorilla (HUA), Evan
Drakou (HUA), Jesus Cerquides3(C)

Funded by the European Union under the Grant Agreement No. 101060693. Views and opinions expressec

- Funded by the however those of the author(s) only and do not necessarily reflect those of the European Union. Neither the

European Union £ ropean Union nor the granting authority cabe held responsible for them.


https://guarden.org/

D2.6- GUARDEN system architecture design and technical specificatiofimal @ G UA R UEN

Revision history (including peer reviewing & quality control)

0,
_Vers Issue Date % Changes Contributor(s)
ion Complete
0.1 | 16/01/2024 | 5 Table of Content + |Initial | Alexis Joly (INRIA)
content from D2.5
0.1 | 17/01/2024 | 5 Quality Check loanna loannou (eBOS)
0.2 | 28/02/2024 | 30% Contribution to sections 2 & 3 | Alexis Joly (INRIA), Rén
Palard, Mathias Choue
(Cirad)
0.3 | 06/03/2024 | 50% Contribution to sections 3 & 4 | all partners
0.3 | 07/03/2024 | 50% Quality Check loanna loannou (eBOS)
0.4 | 20/03/2024 | 60% Contribution to sections 3 & 4 | all partners
0.5 | 04/04/2024 | 90% Contribution to sections 4, 5 & all partners
6
0.6 | 12/04/2024 | 95% Final check Alexis Joly (Inria), Pierrg
Bonnet (Cirad)
0.6 | 16/04/2024 | 95% Quality Check loanna loannou (eBOS)
0.6 17/04/2024 | 95% Peer Review CSIC, Draxis
0.7 | 30/04/2024 | 100% Final Deliverable Alexis Joly (Inria)
0.8 | 09/09/2024 | 100% Revision
Disclaimer

The content of the publication herein is the sole responsibility of the publishers and it does |not
necessarily represent the views expressed by the European Commission or its services.

While the information contained in the documents is believed to be accurate, the authors(s) or gny
other participant in the GUARDEMonsortium make no warranty of any kind with regard to this
material including, but not limited to the implied warranties of merchantability and fitness forl a
particular purpose.

Neither the GUARDENC onsortium nor any of its members, their officers, employees or agents shall
be responsible or liable in negligence or otherwise however in respect of any inaccuracy or
omission herein.

Without derogating from the generality of the foregoing neither theGUARDENConsortium nor
any of its members, their officers, employees or agents shall be liable for any direct or indire¢t or
consequential loss or damage caused by or arising from any information advice or inaccuracy or
omission herein.

©GUARDEN, 2023 2



& GUARDEN

D2.6- GUARDEN system architecture design and technical specificatiofsal

Copyright message

©GUARDEN Consortium, 202025. This Deliverable contains original unpublished work except
where clearly indicated otherwise. Acknowledgement of previously published material and of the
work of others has been made through appropriate citation, quotationrdoth. Reproduction is
authorised provided the source is acknowledged.

©GUARDEN, 2023 3



D2.6- GUARDEN system architecture design and technical specificatiofimal % G UA R U CIN

Table of Contents

1 EXECULIVE SUMIMAIY.....ciiiiiiiiiiiiiiie ettt e e e e e e e e e e e e e e e s s e e e e e e e e s nnnneeeeas 7
P2 [ 0117 o [¥ o1 i o] o H PO O PP PPPPP PP 8
2.1  Mapping GUARDEN OUEPULS........uuiiiiiiiiiiiiiiie e e e ainnene e 9
2.2 Deliverable Overview and Report SIrUCTULE...........ccuviiiiieeiiieee e 10
3 Global ArChitECtUIE OVEIVIEW........coiiiiieiiiiii ettt ee e 11
4 #1171 D11 AT 060 AAOAOCEROEIIL..AIL.A..QANQEQAIL.AL. 4D
4.1 Key technologies of GUARDEN SYSIEML...........uuuiiiiiiiiiiiiiiiiiiiieeeieereeeeieeeeaeeaaaaaaaeeaeens 13
41.1 Decision Support Applications (fronends)..............ooe oo, 13
4.1.2 Data COIECHION APPS. ... ettt e e e s e e e e s s e eeas 22
4.1.3 Engagement App (frontends) ... 29
414 Mapping toolS (OrChESIIAtION)........ccoiiiiiiiiiee et 32
415 OPEN APIS e 39
4.1.6 Other Key teCNNOIOQIES.....cccvviiiiiiieiieee e 45
4.2  Internal components of GUARDEN SYStEML...........cccovviiiiiiiiieeiiiiiiiiieeeeesniiieeeeeen . 49
421 IMOOEIS ...t 49
4.2.2 BACKENAS........eiiiiiei i 53
4.2.3 Dz 1z S (0] = (o [P T PP PP P TR UP RPN 60
4.3 External components of GUARDEN SYSIEIML.......uuviiiiiiiiiiiiiiieiieecceeeeeeeeeeeeee e 61
43.1 In situ observations data POrtalS..........ccuuevveiiiiiiiiii e 61
5  System level reqQUITEMENTS.........uuiiiiie et e e e e e e 65
5.1 Unified Performance BeNChMArKS...........cocouiiiiiiiiieeiiiie e 65
5.2 Unified Security FrameWOrK.............oooiiiiiiiiiiiiee e 67
5.3  Unified Usability GUIAEIINES...........uuiiiiiiiiiiiiiiiieiieeeeeeeeeee et 67
5.4  Centralized Authentication MEChaNISML............eiiiiiiiiiiiiiiee e 68
5.5 Unified data exchange technologies and fOrmats...........cccccouvviiiieieeniniiiieeee e 68
5.6 Unified data export capabilitieS............ooooiiiiii i e e 638
6 Components fuNCLioNal INTEIACTIONS. ......ccciiiiiiiiiiiie e 69
6.1 In situ observations collection WOrKflOW................cooiiiiiiiiiieie e 69
6.2  Automated species identification WOrkflow...............ccoooiiiiiiii i 69
6.3  Biodiversity modelling WOrKflOW...........c.ooiiiiiiiiiiiie e 71
6.4  Biodiversity indicators mapping WOrkflOW. ..., 72
6.5 Ecosystem services modelling and mapping Workflow..............cccccoviiiiiiiiiiiiiiiennen. 73
6.6 Landscape dynamiCS MOUEIS........ccuiiiiiiiiiiiiiie e 74

©GUARDEN, 2023 4



D2.6- GUARDEN system architecture design and technical specificatiofimal @ G UA R UEN

6.7 Contextualizable dashboard WOrflow..............ccccciiiiiiiii 75
6.8  GEOPI@NINEL WOIKIIOW ... cicveiiii e e e e e e raaa s 76
6.9 Citizen science data visualisation WOrkflow...............cccooviiiiiiiiiiii e 77
6.10 Augmented reality app WOrKFfIOW.........ccccciiiieeee e, 78
6.11 Al-deliberation analysis WOrKflOW. ............ccoiiiiiiiiiiiic e 79
7 Standards and fOIMALS..........cuuviiiiiiiie el 30
S I O] o T 11 ] 0] o F PSP PP PP PPPPPRI 82
O REIEIBICES. ... .ot e e e e et e e e e e e aan 83
Annex 1- Pl@ntNet vegetation plot surveys MoCKUR...........ccooeeeeeiiiiiiii e 84
ANnex 2- GEOPI@NINET MOCKUD.....coo i e e e e e e e e e e e e e e e e e e e e e eeee s 88
Annex 3-Geographic footprint of GEOPI@NINEL..........cevviiiiiiiiii s 97
Annex 4- ARISE API fields explanatiQn..................oooo oo 98

Table of Figures

Figure 1k Global overview of GUARDEN System Architecture......Error! Bookmark not defined.
Figure 2- Example of a screen of GeoPl@ntNet V2 magk. ........... Error! Bookmark not defined.
Figure 3- Citizen SCIENCE AP .. uuiiiiiieeiiiiiiie e Error! Bookmark not defined.
Figure 4- Schematic view of the Cooperative learning workflow of Pl@antNet Error! Bookmark
not defined.

Figure 5 Overview of the Augmented Reality Visualization Taal..Error! Bookmark not defined.
Figure 6- Schematic view of the workflow to create the biodiversity indicator maps......... Error!
Bookmark not defined.

Figure 7-LU/LC maps of the Cyprus pilot case for the years 2015 and 20&ror! Bookmark not
defined.

Figure 8- Basic architecture of the GUARDEN DSAS..........cc........ Error! Bookmark not defined.
Figure 9-/ OAOOEAXx 1T £ 0, 2. 4...%4.6.0...!..@hoE BoOKmArodQidfined.
Figure 10 MINKA backend. ...........cccccccc s Error! Bookmark not defined.
Figure 13/ OAOOEAx 1T £ #EOAQI.L.2.6.0..A GrioE BoGkbnArOndt@diined.
Figure 12In situ observation collection workflow.......................... Error! Bookmark not defined.
Figure 13 Automated species identification workflow.................... Error! Bookmark not defined.
Figure 14 Biodiversity modelling workflow...............cccccvvvvvviinennnnd) Error! Bookmark not defined.
Figure 15 Biodiversity indicators mapping workflow...................... Error! Bookmark not defined.
Figure 16 Ecosystem services modelling workflow....................... Error! Bookmark not defined.
Figure 17 Landscape dynamics modelling and mapping workflawError! Bookmark not defined
Figure 18 Contextualisable dashboard workflow.......................... Error! Bookmark not defined
Figure 19 GeoPI@ntNet WOrKfloOw...........cooovuiiiiieiiiiiiiiiiicee e Error! Bookmark not defined
Figure 20- Citizen Science data visualisation workflow................. Error! Bookmark not defined.
Figure 22 Augmented reality app wWorkflow..............cccvvvveeieenennnnsl] Error! Bookmark not defined.
Figure 22 Al-deliberation analysis WOrkflow..............ccccevieeiniinnnen Error! Bookmark not defined.

©GUARDEN, 2023 5



& GUARDEN

D2.6- GUARDEN system architecture design and technical specificatiofisal

List of Tables
Table 1: Adherence to GUARDEN GA Deliverable & Tasks Descriptians.Error! Bookmark not
defined.

©GUARDEN, 2023



D2.6- GUARDEN system architecture design and technical specificatiofsal

Glossary of terms and abbreviations

Abbreviation / Term

Description

Al Artificial Intelligence

API Application Programming Interface
AR Augmented Reality

ARCMS Augmented Reality Content Management System
BBN Bayesian Belief Networks

CPTS Conditional Probability Tables

CS Citizen Science

D Deliverable

DBMS Database Management System

DSA Decision Support Application

ES Ecosystem Services

EUNIS European Nature Information. System
GBIF Global Biodiversity Information Facility
GPS Global Positioning System

IUCN International Union for the Conservation of Nature
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

©GUARDEN, 2023



D2.6- GUARDEN system architecture design and technical specificatiofsal % G UA R D EN

1 Executive Summary

Deliverable D2.6 presents the finalersion of the functional requirements of GUARDEN system.
This systerevel specification comprises the higlevel view of the layers and components, as well
as tools and applications, and specifies their interaction patterns, the technical integrationirgs,

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 axeme performed. Each module is
further decomposed into highlevel functional blocks (to be used as the basis for the subsequent
detailed specification of each component) and supported primitives and interfaces.

©GUARDEN, 2023 8
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2 Introduction

"512%$%. 60 I AET [ EOOEIT EO Oi OAEACOAOA AET AEOGAO
them at the forefront of policy and decisioamaking. This involves the development of user
oriented Decision Support Applications (DSAs) making use of a suifter@thods and tools using
Deep Learning, Earth Observation, and hybrid modelling to augment the amount of standardised
and geoclocalised biodiversity data, buildip a new generation of predictive models of biodiversity

and ecosystem status indicators undemultiple 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 underdganding 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 enders not only navigatebut also (re)shape the
policy landscape to make informed aincompassing decisions through crossectoral integration.

This document presents the final version of th6&UARDEN system architecture design and
technical specificationsfollowing the initial version delivered in D2.5lt provides both the
functional and nonfunctional requirements concerning performance, scalability, security and
privacy aspects.This systerdevel specification comprises the higtevel 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 interfacefor 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.

©GUARDEN, 2023 9
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2.1 Mapping GUARDEN outputs
This section presents th&sUARDENGrant 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

OAOEOG

address everything that is needed to be addressed.

<

OANOEOAI AT 66 AOA AAAOAOOAA AOGO Al Ol

TABLEL ADHERENCE TGUARDENGADELIVERABLE TASKSDESCRIPTIONS

TASKS

Task 2.4
GUARDEN
System
Architecture
Design and
Technical
Specifications

Task 2.4 will present the
functional requirements in 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, i

well as the nonfunctional
requirements  concerning
performance, scalability,
security and privacy aspects
The GUARDEN referenc
architecture will be defined
in terms of systemasa-
whole. This systerdevel
specification will comprise
the highdevel view of the
layers and components, aj
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 systen
functionalities emerging
from  the requirement

analysis, their mapping ovel
the different system entities
and specific technology axes
will be performed. Each
module will be further

decomposed into highlevel

Section 36

Section 3 provides a globa
overview of the architecture
of GUARDEN  system
Sections 4 and 5 then focus
on the functional
description and technical
requirements of the
different components of
the system and on their
interactions, while section 6
providesan overview of the
standards and common
exchange formats to be
used within GUARDEN
system.

©GUARDEN, 2023
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functional blocks (to be used
as the basis for the
subsequent detailed
specification of each
component) and supported
primitives and interfaces.

Deliverablez D2.6- GUARDEN system architecture design and technical specificatiofsal:

Final version with the technical specifications.

2.2 Deliverable Overview and Report Structure

The document is organized as follows: Section 3 presents an update of the global overview of the
GUARDEN system's architecture. In Section 4, the detailed requirements of the system's individual
components are provided. In addition to the functional requments (updated from D2.5), we
specify the interfaces (that define the inputs, outputs, format and constraints on those inputs and
outputs) as well as the noHunctional requirements performance, scalability, security and privacy
aspecty. Section 5 then specifies the implementation of the interactions among the different
components while in section 6, the standards and common exchange formats to be employed
within the GUARDEN system are thoroughly described.

©GUARDEN, 2023 11
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3 Global Architecture overview

GUARDEN 's global architecture is shownRigurel It has four main layers: (i) tojfayer: enduser
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
classifia in three categories:

Key technologies of GUARDEN systefgreen boxes): those are the 13 main technologies that will
be developed within GUARDEN and that are intended to be used by external -asdrs or
stakeholders (in addition to internal use). They have been defined according to the output of tasks
T2.1 and2.2 of the project. Hence, each of them is associated witffech Cargi.e., a descriptive
notice aimed at being shared with stakeholders (in particular those involved in GUARDEN case
studies). The numbering (and URL) of th&ech Cardorresponding to each key technology is
provided within each green box ofFigurel 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
EO Al OAAAU OOAA AU T EITEITO T &£ OOAOO AOO OEAO
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-é¢liberation analysis tool or the Malpolon
software (for training Deep Species Distribution ModelsMore details are provided in the detailed
description of each key technology (see sectich]).

Internal components of GUARDEN systefiblue): 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 endsers or stakeholders. This includes core technologies such as the Al
based mockls for processing irsitu 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 bamids and Data Access Layers)
while some others will be developed from scratch (most modelling tools and Pl@ntNet map
server, interaction modelling tool). More details are provided in sectigh2

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, EVA database, GLOBI, etc. More details are provided in sé@ion

©GUARDEN, 2023 12
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4 #1 1 BT T AT O60 AAOAOEDOEIT AT A
This section provides a detailed overview of the components of GUARDEN's global architecture as
well as their technical requirements.

4.1 Key technologies of GUARDEN system

This section focuses on the main technologiedeveloped within GUARDEN (whereas further
sections focus on internal components of the system). 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 wil serve external endusers and stakeholders, offering valuable tools and
features.

4.1.1 Decision Support Applications (fronends)

GUARDEN Contextualisable Dashboafiduman Machine Interface)
tech card: n°12 | hosting: guarden.org | Priority: Must Have

Overview: A unified interface which integrates all the necessary GUARDEN system compon
AAOGAA 11 OEA OOA AAOAOGE 1TAAAO ET 1 OAAO
Decision Support Applications (DSAs). The graphical Human Machine Interface (HMI)bwi
implemented, by leveraging the components of eBOS Platform in order to tailor the solution
the project's unique requirements.

Functional requirements The application takes the form of a dashboard with different module
that can be customized according to each case study. In particular, there is a cartograj
module whose spatial range is defined by the geographic area of the case study (in the forn
a shapefile). The cartographic module allows displaying the various layers available for the s
area (already available or produced by other components of the GUARDEN system), as wg¢
background maps. Other modules allow displaying the indicators dlahle for the case study
through different types of charts, depending on the nature of the input data: time series plo
for indicators with a temporal dimension, column chart categorical data, pie chart f
compositional data, etc. This includes data aldy available as well as data produced by t
other components of the GUARDEN system.

The precise functional requirements of this component are closely related to the outcome
tasks T2.1 and T2.2 of the project (in particular deliverables D2.1, D2.2, and D2.3).

Functional requirements ID, description and priority:

1 User Authentication
o Description: Users should log in with a username and password.
o0 Priority: M (Must have)
I User Roles and Permissions
0 Description: Define roles such as Use Case Leader and Volunteers
appropriate permissions.
0 Priority: M (Must have)
 Data Visualization
0 Description: Display uploaded data on a map within the DSAs. Prov
visualization of raw data, graphs, and results.
0 Priority: M (Must have)
1 Integration with External APIs

©GUARDEN, 2023 14
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o Description: Support alternative external APIls like Pl@ntNet or Bird Sou
Identification apps.
o0 Priority: M (Must have)
1 Geolocation Tagging
o Description The system must tag each photo with the geographic location.
o0 Priority: M (Must have)
1 Data Analysis and Reporting
o Description: The DSAs must have bditt data analysis and reporting features.
0 Priority: M (Must have)
1 Data Export
o Description: Capability to export comprehensive reports and vector informatio
0 Priority: M (Must have)
1 ScenaricBased Analysis
o Description: Enable users to select parameters affecting the environment a
adjust information accordingly.
o0 Priority: M (Must have)
1 Exporting Biodiversity Data
o0 Description: The DSAs should have the ability to export biodiversity data
different formats to use them in vectorial programs and make reports.
0 Priority: S (Should have)

Interface (with other components)

Type of interface:The GUARDEN Dashboard serves as a comprehensivelased platform for
stakeholders to interact with biodiversity, ecosystem service data, and ecosystem assessme
Integrated with various tools and apps, including PI@ntNET, GeoPI@ntNET, Bird Sound 1D
MINKA, Landscape Dynamics Mapping tool, and Species Interactions Mapping Tool, it offe
range of functionalities. PI@ntNET and GeoPI@ntNET APIs enable species identifica
observation history access, and biodiversity indicator retrieval. The B&dund ID tool facilitates
bird species identification through an API. MINKA, a citizen observatory, enables users to rec|
validate, and share biodiversity observations, fostering community engagement. The Landsc
Dynamics Mapping tool, integrated vi&eoServer, delivers Land Use/Land Cover (LU/LC) m
for monitoring landscape changes. The Species Interactions Mapping Tool processes spé
occurrence data to visualize known interactions. Additionally, the Dashboard integrates t
Future Trajectories 6 Ecosystem Services framework, enabling stakeholders to assess spat
Aobpl EAEO ET &I Of AGETT 11T AAT OUOOAI O AT A 0O}
tools collectively empower stakeholders to make informed decisions regarding biodiveys
conservation, ecosystem management, and sustainable development.

Available services / features:
9 Access to biodiversity and ecosystem service data visualization.

Single and multispecies identification using PI@ntNET API.
Access to the history of single species observations and vegetation plots.

Visualization of case studies covered by GeoPI@ntNET.

= =4 -4 =2

Biodiversity indicators retrieval at specific locations/areas within case studies
GeoPI@ntNET API.

©GUARDEN, 2023 15
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1 Predicted species lists with detailed information at particular locations/areas inside cg
studies using GeoPI@ntNET API.

1 Bird species identification using Bird Sound ID tool.
1 Recording, validation, and sharing of biodiversity observations through MINKA.

1 Integration with the Future Trajectories of Ecosystem Services framework for spatig
explicit ecosystem assessment.

1 Predefined queries overlaying ecosystem service maps with base maps.

1 Adjustment of parameters to visualize the impact of management priorities ¢
biodiversity.

1 Graphs indicating changes in biophysical, social, and economic values accompar
scenario maps for informed decisiomaking.

Non-Functional requirements

1 Performance

0 Description: DSAs should handle a large volume of concurrent users during p
times efficiently.

1 Security

o0 Description: The system must comply with industry standards for data secur
and user privacy.

1 Usability

o Description: The user interface should be intuitive and udeiendly for both
experienced and novice users.

1 Errors management

0 Make sure users understand the difference between observed vs. predicted dg
j COPOT OAT DOAOGAT AAe OO8 OPOI AAAT A

o Provide information about the confidence of the different predicted data
displayed

o Provide pointers to popularized documentation explaining how prediction
work.

GeoPl@ntNet
tech card: n°13 \ hosting: plantnet.org ] Priority: Must Have

Overview :GeoPl@ntNetis a web application that makes biodiversity indicators easily accessi
and understandable for everyone in the form of interactive maps and fagiteets available at EU
scale. Its development is inspired by an earlier prototype called@¢oSpecies, deveped as part
of the European projectCos4Cloud but it is a completely new application within the PI@ntNe
platform. In particular, it is based on a new map server developed as part of GUARDEN

©GUARDEN, 2023 16
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section4.2.3, a new spatial data modulization and production workflow (also nesxistent to
date), major extensions to the Pl@ntNet backnd and a new web frontend.

Functional requirements:A first mockup of the application was provided in the previous versiq
of this deliverable (D2.5). A more advanced mockup and list of functional requirements has b
produced afterward based on the outcomes of WP2 (D2.1, D2.2 and D2.3) and the feedbad
received using a debugging viewer that we developed to showcase the first maps produdeéq
will serve as the basis of the development of a fully redesigned version of the GeoPl@nt
interface (V2) during the year 2024. The mockup is available onlinetras URL The new
functional requirements are the following :

New UX/UI:
1 User experience focused around the map
1 Exploration of data on a European scale
1 Ease the exploration of all available map layers
9 Multiple user interactions to define an area of interest on the map (polygon, pla

OAAOAERh CATEOIT OPITAAS8Q
1 Automatically adapt the color scales to the region of interest to deal with sca
dependencies of the indicators
1 Make the difference between observational data and predictions clearly visible a
understandable to the user. Allow them to switch from one to the other for all indicator
and all species.
1 Visualise the areas where predictions are reliable and where they are more uncertair,

European scale maps:

9 Plant species distribution maps on a European scale at 50x50m resolution (for about
plant species having at least one occurrence)
9 Biodiversity indicators maps on a European scale including
o0 EUNIS Habitat (inferred from the list of present species among the 11K speci
o0 Plant species richness (computed froitie list of present species among the 11
plant species)
0 Tree species richness (computed from the list of present tree species among
700 tree species belonging to the 11K species)
o0 IUCN endangered species (computed from the subset of plant species witl
known IUCN status, i.e. 1634 species)
o0 EU directive species (computed from the subset of plant species included in |
EU directive lisfinvasive species presence
o Endemic or specialist species presence (computed from the 11K plant specie
0 Reliability maps for each indicator (in the form of a score between 0 and
computed from the logit values of the presence/absence classifiers)

User defined area maps:

9 Define an area of interest
o by drawing a polygon on the map
0 by entering the name of a region
0 by uploading a shape file

©GUARDEN, 2023 17


https://www.figma.com/proto/j9IZHGV7FvwRAFfnHfJuRW/Pl%40ntNet-Identify?embed_host=share&kind=proto&node-id=3755-21723&page-id=3431%3A2127&scaling=scale-down&show-proto-sidebar=1&starting-point-node-id=3755%3A21723&t=r4MvuqnbUaM2d6iX-1&type=design&viewport=-30319%2C12482%2C0.72
https://eur-lex.europa.eu/legal-content/FR/TXT/HTML/?uri=CELEX:01992L0043-20130701#tocId84
https://eur-lex.europa.eu/legal-content/FR/TXT/HTML/?uri=CELEX:01992L0043-20130701#tocId84

D2.6- GUARDEN system architecture design and technical specificatiofsal

9 Visualize the list of species present and/or potentially present in the user defined a
(with their conservation status, population trend, illustrative image, pl@ntnet specie
page link)

9 Visualize biodiversity indicators statistics on the user defined area

EUNIS Habitats proportions

Average Shanon index

Overall species richness

Overall tree species richness

Overall number of IUCN endangered species

Overall number of EU directive species

Overall number of Invasive species

Overall number of specialist or endemic species

1 Visualize a reliability score for each indicator

O O0OO0OO0OO0OO0OOoOOo

2L Pl@nt! Identify Explore v GeoPl@ntNet Mydata & George Popadakisv ENv
= Species Indicators s

a
1. Habitat

1.2 Biodiversity indicators

Biodiversity indicator @

Endemic species rate (%)

68%

1.1 Habitat type

EUNIS 2012 classification @

G3.12 - Calciphilous Abies alba forests

G2.12 - Quercus ilex woodland

2. Conservation

IUCN red list (% of species)

ace @ absolute values

FIGURE2 - EXAMPLE OF A SCREEN GEOPL@NTNETV2MOCKUP.

Interface (with other components)
Type on interface:web application (graphical user interface)

Exchange data formats / standards:

maps are provided in WMS format by the map server

User defined area data provided in json format by GeoPl@ntNet API
Species images and other provided in jpeg through urls (pl@ntnet hosting)
Other species data provided in json by Pl@ntNet API

GBIF occurrences provided in json by GNBIF API

= =4 =4 =4 =4

Hosting: plantnet.org
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Non-functional requirements

1 Errors management:
0 make sure users understand the difference between observed and predict
AAOA j cODPOI OAT DPOAOGAT AR 0OO8 ODPOIT A
0 explain to users the meaning of the predicted probabilities of species presen
shown on the maps
o DOT OEAA A AT 1 £ZEAAT AA T Ap 1T &£ OEA i1
0 provide pointers to popularized documentation explaining how prediction
work
1 Sensitive data management:
0 Generalize Sensitive Species Occurrence Data based usingGBIF
recommendations
0 Provide access to sensitive species maps only to authorized accou
(authorities, conservation stakeholders , etc.)
1 Performance:
0 The application must load quickly
0 Maps visualization must respond to user interactions within acceptable tin
frames (seconds).
0 User defined areas queries must respond to user interactions within acceptal
time frames:
o a few seconds for areas below 10x10km or for premputed large areas (e.g
departments, countries)
o afew dozens of seconds for areas below 100x100km
0 The application should be able to handle concurrent user requests efficien
without significant performance degradation.
1 Scalability:
0 The system should be designed to handle a potentially large number
concurrent users accessing biodiversity indicators across the EU scale.
o It should be capable of scaling horizontally to accommodate increased ug
demand without compromising performance.
1 Reliability:
0 The application must be highly reliable, ensuring minimal downtime a
robustness against failures.
0 It should include mechanisms for error handling and graceful degradation
ensure uninterrupted user experience in case of unexpected issues.
1 Security:
0 Access to sensitive information and administrative features should be restrict
based on user roles and permissions.
0 Measures such as encryption, secure authentication, and data validation sho
be implemented to prevent unauthorized access and data breaches.
1 Interoperability:
0 The application should be interoperable with existing systems within th
Pl@ntNet platform, leveraging standardized protocols and data formats.
o It should facilitate seamless integration with external systems and APIs for dg
exchange and collaboration.
o Compatibility with various web browsers and operating systems should I
ensured to maximize accessibility.
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1 User Experience (UX):
0 The application Bould provide an intuitive and usefriendly interface, allowing
users to easily navigate through interactive maps and faslteets.
0 Visualizations and information should be presented in a clear &
understandable manner to cater to a diverse audience.
1 Compliance:
o The application should adhere to ethical guidelines for handling sensiti
biodiversity data and respect intellectual property rights.
0 Licensing terms for thirdparty components and data sources should be proper
documented and adhered to.
1 Performance Monitoring and Analytics:
0 The application should include monitoring tools to track key performang
metrics such as response time, uptime, and resource utilization.
0 Analytics capabilities should be integrated to gather insights into usage patter
for continuous improvement.

Citizen Science data visualization
tech card: n°7 | hosting: minkasdg.org | Priority: Could Have

Overview: The Citizen Science Data Visualization platform is an innovative digital ser
designed to empower decisioamakers by providing them with a robust, interactive dashboar|
that leverages citizen science data for evidendmsed decisioAamaking. It is tailoed to support
multi-stakeholder initiatives, where diverse data sources from citizen observations 4
consolidated, analyzed, and visualized to facilitate informed deliberation and strategic planni
This platform operates as an extension of the Minka website, specifically designed to enhal
the accessibility and usability of data collected through citizen science initiatives. By integrat
advanced data processing and visualization tools, the platfo transforms raw citizen
contributed data into actionable insights that can directly inform project planning, polig
development, and community engagement efforts.

The system uses Python as its core programming language to extract, process, and analyze
It incorporates Plotly and Folium for dynamic data visualization, and Streamlit for creating
intuitive, interactive interface. These tools combine to offer @eamless user experience
allowing stakeholders to explore and interpret complex datasets in a useiendly environment.
The platform's primary objective is to enable project managers, researchers, and ot
stakeholders to make datadriven decisions by providing them with customizable dashboarg
that can address a wide range of questions related to biodiversity, taxonomyiological
research, and community participation. The platform also plays a critical role in promot
transparency and collaboration among various stakeholders by providing a common ground
data exploration and discussion.

Functional Requirements

1 Data Source & Integration The platform is deeply integrated with the MINKA citize
observatory, a comprehensive database of biodiversity observations contributed
citizens. The data is accessed via the Minka API, a robust interface that allows
seamless extraction of relevandatasets. To streamline the data extraction process,
custom Python library,mecodaminka, was developed under the Cos4Cloud Europe
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project. This library simplifies the interaction with the Minka API, enabling efficient d3
retrieval and manipulation.

1 Dashboard Development The core of the platform's functionality is built on Streamlit]
an opensource Python framework that allows developers to create and deplq
interactive web applications with ease. Streamlit's simplicity and flexibility make it
ideal choice for developig custom dashboards that cater to the specific needs
different stakeholders. The dashboards feature interactive plots created using Plotly,
powerful Python graphing library known for its ability to generate highuality,
customizable visualizationsAdditionally, the platform utilizes Folium, a Python librar
specifically designed for visualizing geospatial data, to create interactive maps tl
provide spatial context to the observations and analyses.

1 Customization & Flexibility. One of the key strengths of the platform is its high level ¢
customization. Each dashboard can be tailored to meet the unigue requirements of t
various projects and studies conducted within the Minka framework. This customizati
is not limited to visial aesthetics but extends to the specific types of data visualizatio
and analyses provided. Project managers can choose from a range of visualiza
options, including time series plots, heatmaps, bar charts, and interactive maps, to b
represent thedata relevant to their needs. Furthermore, the platform supports variou
analytical functions, such as filtering data by specific criteria (e.g., species, location, tif
and aggregating data to reveal broader trends and patterns.

1 CoDesign Process:The development of each dashboard is guided by a-design
process, ensuring that the needs and expectations of all stakeholders are thoroug
understood and incorporated into the final product. This collaborative approach involv
direct engagement with project managers, researchers, and community membe
during the design phase. Through workshops, interviews, and iterative feedba
sessions, the platform developers gather insights into the specific questions a|
challenges that stakeholders face, allowg them to create dashboards that are not only
functional but also directly aligned with the users' objectives. This participatory desi
process ensures that the platform is both userentric and capable of addressing rea
world issues effectively.

1 Case Study Implementation To demonstrate the platform's capabilities, a specifi
dashboard has been developed for the&BioPlatgesMet case study. This case stud
focuses on monitoring and managing biodiversity in coastal areas, and the dashbo
provides detailed insights into species distribution, community participation levels, a
environmental trends over time. ThaBioPlatgesMet dashboardserves as a model fo
how the platform can be adapted to different contexts and research needs, showcasi
the flexibility and power of the tools available.

These are some screen prints of the BioPlatgesMet dashboard:
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Nombre d’observacions Nombre d’espécies diferents *  Nombre de participants

Ultimes observacions publicades

bttps org/attachments/local_photos/files/288381

uberculata from B:
024 3t 12:20 PM by

BARCELONA
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FIGURE3 - QTIZENSCIENCHEAPP.

Interface (with other components)

Type of Interface

1 The Citizen Science Data Visualization service operates as a standalone application
interacts directly with the MINKA RESTful APl and the custom Python libramgcoda
minka. This library is designed to facilitate API exploitation, allowing the dashboard
efficiently retrieve and process data from the MINKA platform.

1 While the service does not integrate with other external components, it serves as
comprehensive useffacing platform that enables users to interact with and analyz
citizen science data in a meaningful way.

Provided Services/Features:

1 Tabular Data Display: Users can explore raw data in a tabular format, providing a detg
view of the underlying observations and metrics.
1 Interactive Plots: The platform supports a wide range of interactive plots, allowing use
to visualize data trends, correlations, and patterns.
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1 Geospatial Maps: Foliuppowered maps enable users to visualize geospatial data, sy
as the distribution of species or environmental changes across different regions.

Exchange Data Formats/Standardd he platform ensures that data is easily accessible and
exportable in standard formats:

1 CSV: Raw data can be downloaded in CSV format for further analysis or reporting.
1 PNG: Visualizations, including plots and charts, can be exported as PNG images fg
in presentations or publications.
1 HTML: Interactive maps are exportable as HTML files, allowing users to share and em
them in other platforms or reports.

Non-functional requirements

1 Quality Assurance Ongoing quality tests are being conducted to ensure that th
platform meets high standards of performance, reliability, and user satisfaction. The
tests involve rigorous validation of the data processing and visualization components,
wellasuserte® ET ¢ OT AOOAOO OEA b1 AOAEI 0i 80 O

9 Privacy. The platform uses only public data provided through the Minka API, whi
means there are no significant privacy concerns. All data displayed on the platforn
already available to the public, ensuring that the platform complies with data protectig
regulations and ethical guidelines.

9 Security. Security is a top priority for the platform, with servers maintained by th
systems team at Quanta Labs. This team is responsible for implementing and maintai
robust security measures, including encryption, access controls, and regular secu
audits, to protect the platform from potential threats and vulnerabilities. Thes
measures ensure that the platform remains secure and reliable, even as it scale
accommodate more users and larger datasets.

1 Performance/Scalability To maintain optimal performance, the platform employs cach
mechanisms that reduce the load on servers and improve response times. Th
mechanisms ensure that the platform can handle increasing amounts of data and u
activity without compromising on eed or functionality. Scalability has been a ke
Al T OEAAOAOQCEIT ET OEA DI AOAEN 0i 6060 AAOGEC(
observatory expands and more citizen science data becomes available.

4.1.2 Data collection Apps

Pl@ntNet app
tech card: n°2 | hosting: plantnet.org | Priority: Must Have

©GUARDEN, 2023 23


https://cloud.guarden.org/f/21186

D2.6- GUARDEN system architecture design and technical specificatiofimal % G UA R U CIN

Overview: Pl@ntNet is a citizen science platform and information system that relies on Artific
Intelligence (Al) to facilitate the identification and inventory of plant species. It has three mg
front-ends: Pl@ntNet android Pl@ntNet iOSand Pl@ntNet web. Pl@ntNet is based on 4
cooperative learning principle as illustrated oRigure4 below. The PI@ntNet user community
generates a large number of plant observations in the fieldAn observation can contain from
one to five images of the observed specimen and a set of metadata such as the date
observation, the GPS (Global Positioningystem) coordinate, or the type of view of imagg
(flower, leaf, fruit, entire plant, etc.). Each observation is automatically identified by an
algorithm (detailed later in this section) and the candidate recognized species are returned
the observer r confirmation. All observations are stored in a database and can be reviewed
the community. A user can typically confirm the initial species name shared by the observer (
the help of the Al) or propose an alternative species name. Only the obseimas that reach a
sufficient degree of confidence are labelled as valid observations and are added to the train
set of the Al model. To take into account the new observations and revisions made by
community, the model is retrained regularly. This typically done on a monthly basis (rathg
than, e.g., a daily basis) to limit energy consumption and carbon emissions.

. data revision & enrichment
users / community

\i@ntNet app Al model o

recognized
species

retraining

FIGURE4 - SCHEMATIC VIEW OF TII®OPERATIVE LEARNING WORKFLOWC@ANTNET

Functional requirements

1 Pl@ntNet's first major evolution need within GUARDEN is to make it more efficient and ug
friendly in every country in Europe and more generally, in the long term, everywhere in |
world. Indeed, the taxonomic backbone used previously in PI@ntNet was a collectioh
heterogeneous flora of uneven quality from one country to another, and a large fraction

species in many countries were not covered or badly covered (invalid taxa names, mis
species, irrelevant species, etc.). In order to solve this limitation,etlentire platform will be
migrated to a new, globally homogenous backbone. The choice fell on thnts Of The Waorld
Onling, a global checklist maintained by Kew botanical Gardens in the context of an internatio
collaborative. It will be integrated in conjunction with theWorld Geographical Scheme fo
Recording Plant Distributions an agreed system of geographical units defined by th
Biodiversity Information Standards (TDWGThis integration will require a major evolution of the
whole Pl@ntNet system, including the database structure, the data access layer, the artifi
intelligence training and the frontend themselves. This migration must be carried out withot
interrupting the application's service, and with backward compatibility with old versions of th
application during a period of time of at least 12 months.
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2- Pl@ntNet's second major progression requirement within GUARDEN is to develop n
features for vegetation plots records rather than individual plant records as is currently the ca
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 hames 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 gedocation or a polygon of its spatial footprint
publish plot observations in a Pl@ntNet group

publish plot observations in GBIF

=4 =4 = =4 - -8 -8 -8 -8 -8 n

Afirst version of the vegetation plot interface has been in beta for a couple of months (end
2023) and we gathered some feedback from users using it in the field. Taking into account th
feedbacks from our users we will gradually deliver a new impravanterface (V2) for the
vegetation surveys during 2024. In particular, the new requirements are:

1 Improving the mobile experience to facilitate use directly in the field
1 Focus on the species list to quickly fill up the survey
1 Add a vegetation plot survey to a Pl@ntNet group to share it with a community of usq
working on the same survey campaign. Surveys organizers can create a group dedic
to a specific campaign and gather all the surveys made by different users in the &3
place.
1 Add a geolocation to a vegetation plot survey
1 Show all surveys of a group on a map
A mockup of those new features has been created with figma software. Some screenshots
provided in Annex 1.

3-The third new feature of PI@ntNet is to enable the import of observations by batch within th
database. Many institutions and private individuals have large batches of plant observations t
they would like to share on the platform. However, importingbservations at present can only
be done by uploading them one by one, which would take a considerable amount of time. 7|
is a major obstacle to the integration of existing data, particularly for the rarest species and {
least surveyed regions. A newterface is being developed in the PlI@ntNet web application t
enable plant observations to be imported in batches. This interface enables 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 us
Automatically identify the most likely species of each image

Manually enter /revise species hames and metadata (date, position, comments)
Merge several images in a single Pl@ntNet observation

Flag issues (noplant images, observations without dates, nofdentified images, etc.)
Choose flora in which to push the observations

=4 =4 =4 =4 -8 -8 -8 -9
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Interface (with other components)

Type on interface:RESTful API

Request and Response FormatdSON format
Endpoint: https://my-api.plantnet.org/

APl Documentation:

1 web portal: https://my.plantnet.org/
1 swagger documentation:https://my-api.plantnet.org/

Services provided:

1 Get Pl@ntNet observations (by date, gelmc, taxon id, licence, etc.): route i
development
1 Get Pl@ntNetvegetation plot surveys (by date, gedoc, author): route to be developed
1 Identify the species of a vegetation plot image (e.g., quadrat): route in beta version
1 Identify the species of an observation (1 to 5 images of a plant): route in production
0 post: https://my-api.plantnet.org/#/my-api/postV2identifyProject
0 get: https://my-api.plantnet.org/#/my-api/getV2ldentifyProject

Non-functional requirements

1 Performance/Scalability:PI@ntNet performance in terms of response time and servel
I1TAA EO AT 1 OET O1 601 U i1T1TEOI OAA OOET ¢ (
overloads and to identify the required improvements in terms of hardware (new GH
server, new data storage serve etc.). It is also used to analyze the dataflow and th
workflow in the long term so as to identify bottlenecks and potential improvements i
terms of software and architecture.

1 Quality and validation Pl@ntNet has a set of mechanisms guaranteeing servi
availability and quality: (i) The whole Pl@ntNet system is backed up continuou
through several mechanisms (virtualization platform for the backup of the imag
servers, physical replication of the AOAAAOAO &I O OEA DPE
containers for the image recognition engine). (i) Pl@ntNet integrates a continuol
gualification platform, in particular for the image recognition engine and API.
continuously monitors the quality of the recgnition and reports any issue. In particula
it ensures the norregression of the deployed deep learning models (that are traine
regularly based on the neWIy collected data and newly available architectures).
O-1T1TEOG6 OOEI E OU dsourc®utilityl fd&t ranagiBgdandirhonitbribgiunix
systems. Monit conducts automatic maintenance and repair and executes meaning
AAOOAT AAOQOEITT O ET AOOiI O OEOOAOQEIT 08 7
and maintaining the databases (image andbservations datastores), the hardware
AOGAEI AAEI EOU AT A OEA Ei AcCA OAAI ¢l EOEI
functionalities allowing a quick human intervention in case of problem not solved by t
applications. It keeps the Pl@ntNet APIs alive and reloads/restarts them with z¢
downtime. It also manages the load balancing. (v) Google Analytics: Google Analytiq
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a freemium web analytics service offered by Google that tracks and reports webs
traffic, currently as a platform inside the Google Marketing Platform brand. In PI@ntNg¢
it is used to monitor the client applications, i.e. the Android, iOS and web clgnit
integrates an alert system in case of an abnormal rate of crashes of clients.

1 Errors management:
0 Return several species when a possible confusion exists
o Provide confidence scores for each returned species
o Allows users to signal errors and suggest corrections

1 Sensitive data management:
0 Generalize Sensitive Species Occurrence Data based usingGBIF
recommendations
o Provide access to sensitive data only to authorized accounts (authoritig
conservation stakeholders , etc.)

1 Security:
0 Secured communication protocol with exchanges encryption via https
0 Authentification and user access control via JSON Web Tokens (JWTSs) provi
different user roles and access levels
o Data security: data servers accessible via ssh or vpn, data acsess using TLS
(ssh, https), and NFSv4

9 Privacy:The terms of use of PI@ntNet application have to be accepted when installi
OEA I TAEIT A Apbl EAAOETT AT A AOA AAAAOGO
O0Ad6 AO OEA AT OOT i hoingmada B SDPRAGEneralDBtA Frdhehtic
Regulation) risk analysis of PI@ntNet was conducted by Inria's approval committee.

MINKA data collection

tech card: n°6 \ hosting: minka-sdg.org \ Priority: Should Have
Overview: MINKA is a citizen science platform for collecting biodiversity and environmental d4
focused on the sustainable development goals (SDGs). The platform supports the collect
storage and publication of the data. The observations are validated throughcallaborative
process that includes experts by training and by experience.

-ETEA8O #0110 AT A ETAI OARGO A xAA AbPbDIi EAA
available for Android and iOS devices. Dashboards and a Juphtsed virtual research
environment complement these user interfaces. The front end includes a publi facing
application programming interface (API) for programmatic access and an internal API t
supports different system features.

Functional requirements

Minka operates on three foundational pillars: Registering Observations, Community Shar
and Community Interaction all aimed at advancing research related to SDGs. The platform off
several core features:
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1 Record KeepingUsers can securely document and manage their observations, with dg
stored in the cloud for easy access and retrieval.

1 Community Connection:Minka fosters a collaborative environment where users c4g
engage with others to validate observations, discover new projects, and participate
community-driven research.

1 Learning Opportunities: The platform provides users with opportunities to enhancs
their understanding of biodiversity, species identification, and environment
sustainability through community interaction.

1 Scientific Contribution: Observations undergo a validation process by the communit
Once validated, they are designated as "Reseamgtade" and shared with global
repositories for use in scientific studies.

1 Observation Organization: Users can create and manage projects related to the
interests, inviting the Minka community to contribute observations and participate i
discussions.

Minka's architecture is monolithic, with a Ruby on Rails web application serving as the ¢
system. It also includes a dedicated API application implemented in NodeJS, which supp
both the web front-end and external integrations. Key components of tharchitecture include:

1 Full Stack Web ApplicationThe core functionalities are managed by a Ruby on Rg
application that handles data management across the platform.

1 Front End:Built with a combination of AngularJS and ReactJS, the front end is part
the full stack application, providing users with a dynamic and interactive interface.

1 APIL: Documented according to the Open API standard, the API supports thparty
ET OACOAQGET 1O AT A Ol - ETEA xAAOEOAGO

1 Search EngineElasticSearch is used for indexing data, ensuring scalability and effici
performance.

1 PostgreSQL Database: ET EA8 O AAOA EO OO01 OAA ET A
PostGIS for geospatial data handling.

1 Background Jobs QueuesManaged by Ruby on Rails, the background jobs que
handles resourceantensive tasks asynchronously.

1 Memcached: This caching mechanism optimizes performance by storing frequen
accessed data, reducing processing load.

Planned Enhancements:

Minka is set to undergo significant enhancements under the GUARDEN project, focusing
improving user experience, expanding data collection capabilities, and integrating thjrarty
services:

1 User ExperienceThe web frontend will be optimized with refined iconography ang
improved navigation, making it easier for users to access information and manage t
observations. The notification system for validated observations will also be enhang
to provide timely updates.

i Data Collection:Minka will expand its data collection to include environmental variable
such as water temperature, allowing for a more comprehensive analysis of ecosyste

1 Third-Party Integration: The platform will integrate Al identification tools like Pl@ntNe
for plant species and another service for marine species, currently in testing, to as
users in accurately identifying organisms.
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The Minka mobile apps, available on Android and iOS, will undergo continuous improvement
ensure functionality and user experience are optimized across devices. Visual aspects of
mobile apps will be refined to enhance usability.

Additionally, Minka is implementing legal frameworks related to policy, community guideling
and GDPR compliance to ensure the ethical management of personal and collected data.

Interface (with other components)

Type on interface:RESTful API, web interface and python libramnécodaminka).
Provided services /featuresall of the functional requirements.

Exchange data formats / standards€SV, JSON, and DwC (Darwin Core).
Documentation: Available through API Swagger at https://api.minlsalg.org.

Endpoint: https://minka-sdg.org

Non-functional requirements

1 Performance/Scalability: MINKA has undergone significant improvements aimed

enhancing the user experience. These enhancements involve several changes to
platform, making it more intuitive and enjoyable for users.
Improvements in Deployment ProcessTo streamline the deployment process an
ensure errorfree releases, MINKA has undergone significant enhancements. Th
improvements include the addition of a new Staging environment, facilitating cle
differentiation between testing and production enwionments. Additionally, severa
Docker files have been updated to address issues encountered during the ini
production release, enhancing the overall stability and reliability of the deployme
process.

1 Quality: Throughout the development lifecycle of MINKA, rigorous quality assuran
processes are being implemented to uphold consistent quality standards and ensure
proper functioning of the platform. These processes encompass a comprehensive se
measures icluding code reviews, unit testing, integration testing, and functiona
testing. Implemented at various stages from development to deployment, theg
measures are aimed at early identification and mitigation of potential issues, there
minimizingrisks.

1 Sensitive data managementGeneralize Sensitive Species Occurrence Data based
GBIF occurrence

1 Privacy:MINKA's Terms of Use form a binding agreement governing user interactio
defining eligibility, acceptable use, and permissions. The terms also outline procedu
for account deactivation and data removal, ensuring compliance with data privacy lay
The Privacy Policy outlines measures to safeguard user data, specifying storage locat
and sharing protocols. It clarifies user rights, and consent management, and categori
data collected, providing transparency and compliance with legal requirements
MINKA's cookie management system, compliant with the ePrivacy Directive and GD
grants users control over preferences. Users can consent to mandatory cooki
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customize optional settings, and opbut, demonstrating MINKA's commitment to
ongoing consent management.

MINKA introduces Consent Commons, a visual approach simplifying data practi
Intuitive icons convey aspects like data purpose, sharing, user rights, internatio
transfers, and storage practices, reflecting MINKA's commitment to transparency a
user enpowerment in data privacy.

MINKA offers diverse data licensing options for images, data sets, and audio fi
including Creative Commons licenses. These options empower content creators W
informed decisions about content use and sharing, fostering respect for intellectu
property and creative rights within the MINKA community.

4.1.3 Engagement App (frontends)

Augmented Reality Visualization Tool

tech card:n°10 | hosting: web | Priority: Could Have
Overview: The main purpose of the AR visualization tool is to engage and educate a broad gr
of end-users towards biodiversity conservationTo this end, the mobile AR application wi
enable stakeholders to be informed about thematic information (i.e., biodiversity/ecosyste
associated observations) and users will be able to explore alternative scenarios in terms of
impact of related decigons, while being provided with actionable insights that will increase the
understanding.

The overall GUARDEN AR solution is designed to support two different entities, the AR Con
Management System (ARCMS), and the mobile AR app. The solution supports the addition g
curation of the content, the selection of appropriate content activatiormechanisms, and thg
visualization and demonstration of storylines (including media, descriptions, quizzes, etc). ]
ARCMS is a welbased application that allows the administrators and content owners to crea
campaigns and add content, and the AR mob#gplication (AR app) is designed to provide th
generated immersive experiences to the end users. The AR CMS allows the administrator o
web-based application to create AR campaigns with Points of Interest (Pols) on the map. ]
Pols contain the contat. Through the database that all information is stored, the users of th
AR app access the AR content as soon as they reach the location of the Fslly, the AR apq
will communicate with other GUARDEN system elements to provide alternative experien
through image detection and sound recognition.
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Content

Functional requirements

The AR application will support the visualization of 3D models and representation of biodiver:
and ecosystem indexeto ensureengagement to biodiversity restoration and better understang
the proposed models, simulations and services developed within GUARDENNore detail, to
support collaboration and interoperability within the tools of GUARDEN, the function
requirementsof the AR are the following:

= =4 -4 4 -4 _a_°a_°a_-2

= =4

=a =4 =

The AR app MUST authenticate and login the User

The AR app MUST provide the campaigns created within the-BRS
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 mag
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.

4EA 12 APDP -534 EIEOEAC

The ARCMS SHOULD visualize stats related to a quiz or on assessment

The AR app MUST allow to capture an image and present info provided upon p
detection

The AR app SHOULD retrieve and present biodiversity maps

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

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

The AR app COULdefine an area of interest

The AR app COULDsualize the list of species present based on the user defined are
The AR app COULsualize biodiversity indicators related to the user defined area

Interface (with other components)
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The AR application and its ARMS component communicates with its dedicated database a
services to retrieve and stream the curated content. The AR application will utilize servi
provided by other components, such aBl@ntNet,to provide rich content to the end users

1 Type on interface:RESTful API

1 Exchange data formats/standardsJSON format

1 Provided services/featuresContent visualization using augmented reality features.
1 Documentation: In app tutorials provided.

1 Endpoint: The AR application is not yet reachable through a public store, but could
provided upon request.

Non-functional requirements

1 Performance/Scalability: The AR baclend is designed to be horizontally scalable
order to accommodate increases in demand for content consumption requests. It
deployed on a Kubernetes cluster that features load balancing of incoming requests
routing them to the appropriate Pods that contain instances of the fron¢nd and back
end applications. The cluster can spawn additional Pods if needed as a respons
increases in content consumption.

1 Quality: AR backend is developed using Testriven development and CI/CD (Continuoy
Integration/Continuous Deployment) practices ensuring each new deployment is fu
operational before reaching the production environment. Unit and integration tests af
a fundamental part of the development life cycle covering a wide range (
functionalities, edge cases and expected behaviors. Furthermore, the repository host
OEA #-386 O1 OOAA AT AA AAOEOAOAO A1l AOQOI
pipeline runs all available tests, and if successful, compiles new software releases. T
are then deployed to a staging Kubernetes cluster for further evaluation, before fina
being deployed to the production environment.

1 Security: A combination of security protocols and best practices are applied on differe
levels of the ARCMS architecture.

0 System SecurityEach individual component that supports the functionalities g
the AR application (baclend, front-end, database) is containerized using Docké
and deployed on a Kubernetes cluster. The cluster nodes as well as
containers run in an isolated environmevdgubnet without direct exposure to the
internet. Internet traffic reaches the containers on explicitly specified port
through an internet gateway featuring properly configured firewall rules.

o Communication Security: Data traffic between the AR Application and CMS
encrypted using the Secure Socket Layer (SSL) protocol and no datg
transmitted in plain text.
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0 Access Security: The AR baekd incorporates an authentication system tha
allows access only to authorized users. The system also defines user roles w|
map to specific permissions regarding data access and manipulation. At the
layer, authenticatin is implemented via the secure exchange of JSON W
Tokens (JWT), adhering to industrgtandard protocols, with each API request.

o Data Security: All ARKMS content data (database data and media files)
periodically backed up and stored on a separate location.

91 Privacy: The terms of use of AR application have to be accepted when installing {
iTAET A ApbPl EAAQGETT AT A xEIl AA AAAAOGOE
OOAOI O T £ OOAGS 4défiditios ofladEeptaltlchusexabd permidsion:
along with procedures regarding account management and data handling, ensuri
compliance with data privacy laws.

4.1.4 Mapping tools (orchestration)

Biodiversity indicators mapping tools
tech card:n°11 \ hosting: plantnet.org \ Priority: Must Have

Overview : Workflow required to create the biodiversity indicator maps that will be integrate
into the system's enduser front-ends (the decision support applications in particular). Eaq
indicator will be computed from a specific pipeline of models and algorithniSor instance, the
mapping of EUNIS habitats will be computed by first applying a Deep Species Distribution M
to predict the species assemblages on a spatial grid, and then applying a specidmbitat

model to classify the habitat. A numbeof indicators have already been identified in the contex
of Task 2.3 (as listed below) and additional ones will be defined in the final version of

specification of the system.

Functional requirements
The workflow will include the following processing elements:

1 run pretrained Deep Species Distribution Model in inference mode on a spatial grid w
a resolution up to 50x50m at EU scale (exact footprint #innex 3). Input data of the
Deep Species Distribution Model may include:

o Copernicus data:

A Sentinel 2 RGB/NIR image patches anywhere in Europe (at 10X
resolution) and at any month between 2014 and today (more deta
here)

A Monthly Landsatmultivariate time-series (RGB, NIR, SWIR1, SWIR2
any spatial position in Europe (30m resolution) from 2003 to today,
any position (more detailsere)

o0 Environmental rasters:

A 19 CHELSA baimatic variables at 1km resolution (as specifiadre)

A 4 CHELSA climatic variables time series per month from January 200
June 2019 (as specifidukere)

A Elevation data at 30x30m resolution (as specifigutre)

A Human footprint data (as specifiechere)

A Land Cover data (as specifidtere)
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A Soil attributes data (as specifietiere)

1 Filter and store the output of the Deep Species Distribution Models tocinde at least
the 500 most probable species at any position in Europe (based on the 50x50km g
jointly with their probability of presence

1 Compute indicators from the list of predicted species at any position in Europe includi

0 Shannon index

Species richness

Tree species richness

Presence/percentage of endangered species (accordingltdCN red lisy

Presence/percentage of protected species in thHeU habitat directive

Presence/percentage of exotic invasive species (accordingdéBlor GRII$

Endemic or specialist species presence (based oughue)

1 Run postprocessing models from the list of predicted species at any position in Eurg
to compute indicators including:

o EUNIShabitat classification models
9 Store computed data in PostGIS database and tiff tiles

O OO0 O0Oo

Case Studies » Tile Grid GPN BERT Habitat
Area Language Madel Predictions
| !
Habitat Rast JSON
abitat Rasters .
® DataCube Tiff Files [~ API
P@st
Species b \d

Model Training » Deep SDM
Malpolon Model

—* Predictions

Indicators Rasters Applications

¥ g O, Tiff Files Web/GIS App
“o

A

Pl@nt
Species Rasters 2!
1L GBIF % ) e o Map Server |

W MapProxy  QGIS

FIGUREG - SCHEMATIC VIEW OF THEDRKFLOW TO CREATE THE BIODIVERSITY INDICATOR MAPS

Interface (with other components):

1 Input models format: pytorch torch.nn.Module, pytorch torch.utils.data.DataLoader an
pytorch torch.utils.data.Dataset
1 Species data provided in json by Pl@ntNet API
1 Output:
0 geospatial data stored in PostGIS database with PostgreS&id geotiff files
0 maps accessible in WMS (Web Map Service). Here are examples of WMS U

# Indicators
https://maps.plantnet.org/guarden/herault/indicators?service=WMS&request=GetCapabilities&version=1.1.1
https://maps.plantnet.org/guarden/barcelona/indicators?service=WMS&request=GetCapabilities&version=1.1.1
https://maps.plantnet.org/guarden/cyprus/indicators?service=WMS&request=GetCapabilities&version=1.1.1

# References
https://maps.plantnet.org/guarden/herault/references?service=WMS&request=GetCapabilities&version=1.1.1
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https://maps.plantnet.org/guarden/barcelona/references?service=WMS&request=GetCapabilities&version=1.1.1
https://maps.plantnet.org/guarden/cyprus/references?service=WMS&request=GetCapabilities&version=1.1.1

# Species
https://maps.plantnet.org/guarden/herault/species/4218?service=WMS&request=GetCapabilities&version=1.1.1
https://maps.plantnet.org/guarden/barcelona/species/227?service=WMS&request=GetCapabilities&version=1.1.
https://maps.plantnet.org/guarden/cyprus/species/531?service=WMS&request=GetCapabilities&version=1.1.1

Non-functional requirements

1 Quality and Validation:
o Evaluate the quality of the produced species and habitat distribution maps bag
on the test set of the GeoLifeCLEF 2024 challenge (using different metrics s
as AUC, F1 score, Recall, Precision)

o Evaluate the quality of the presence probabilities estimates of the model (usi
expected calibration errors) based on the test set of the GeoLifeCLEF 2
challenge.

If needed, recalibrate the model using temperature scaling
o Compute confidence maps of biodiversity indicators when possible

(@)

9 Performance:

0 Speed: The system should be capable of processing large volumes of (
efficiently and delivering results within a reasonable timeframe, typically a fe
days to map an entire country on a HPC cluster equipped with GPUs. Thig
require mechanisms suchs tiling and parallel processing.

0 Model accuracy: The input model accuracy measured on a validation sel
specific sites should be maintained throughout the workflow to ensure th
accuracy of the final biodiversity maps

0 Resolution Accuracy: The 50x50 meter resolution should be maintain
throughout the workflow to ensure the spatial resolution of the final biodiversity
maps.

o Error Handling: Mechanisms should be in place to detect and mitigate errg
introduced at various stages of the workflow, ensuring the overall accuracy
the results.

1 Reliability:
o Fault Tolerance: The system should be resilient to failures or disruptions, W
mechanisms such as checkpointing and failover capabilities.
0 Reproducibility: Results should be reproducible, ensuring consistency acr
multiple executions of the workflow.

1 Modularity: The workflow should be modularized, allowing for easy updates
enhancements to individual components without disrupting the entire system.

9 Version Control: Changes to the workflow should be tracked using version contr
systems to ensure traceability and manage codebase evolution.
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1 Documentation and Knowledge Transfer: Comprehensive documentation ang
knowledge sharing practices should be in place to facilitate maintenance by differe
developers over time.

Mapping future trajectories of biodiversity and ecosystem services

tech card:n°1 | hosting: DSA backend | Priority: Must Have
Overview: This modelling frameworkwill quantify and map the future states of biodiversity ang
ecosystem services (ES) at the European and case studies levels under different policy|
climate scenarios. The effect of potential determinants (such as kilimatic, landuse and socie
economic parameters) on ecosystem services, will be assessed through a probabilistic appro
T AT ATuU OEA OOA T &£ "AUAOGEAT "A1 EAZE . AOx1 OF
as the Pl@ntNet biodiversity data or the Species Distribution Models, theplementation of
various management strategies will be assessed in terms of their impact on the supply
selected ES, as well on the dynamics of change in emergent synergies and todf$eamong
them. By combining information on biodiversity, ecosystem seces and stakeholder
perceptions and priorities this module will facilitate decision making processes by translat
scientific knowledge on biodiversity to informed decisions for the sustainable management
ecosystem services and biodiversity.

Functional requirements:
The framework to mapping and assessing future ecosystem services (ES) includes:

1. Primary data integration on current ecosystem condition Integrate outputs provided
from other GUARDEN toolsas well as other regional and local data into the process
modeling of ES; inputs may include:

1 Biodiversity data and indicators

M Climate data

1 Landuse/cover (LULC) data

1 Species and habitat distribution maps

i Earth observation data to produce vegetation indices

2. Synergies and tradeoffs analysito provide non spatiallyexplicit information on the
effect of potential drivers on different ES; inputs may include:

1 Bio<climatic parameters
I Socioceconomic data on stakeholder priorities

3. Development of Bayesian Belief NetworkgBBNSs) to describe interactions among E
within each case study. Data on the future scenarios of ES and biodiversity will
generated by

1 Climate scenarios Representative Concentration Pathway - RCPs, Share
Socioeconomic PathwaysSSPs)
1 Local management/Interventions scenarios

4. Final maps of ecosystem service dynamics under different scenaricBhesemaps will
illustrate the dynamics of ES change under different managemend climate scenarios
Mapping will run on an open source online software called gBay (https://gbay.ethz.ch

Interface (with other components)
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1 Type on interface (e.g. RESTfull API, python module, command line interface, etq
outputs uploaded in the GUARDEN Decision Support Applications (DSAs)
9 Provided services /features:

0 Visualization of maps showing: i) spatial distribution of selected ecosystq
services, ii) plural values of nature with relevance to human wieding, iii) areas
in which tradeoffs and synergies might emerge between biodiversity protectio
and sustainabledevelopment strategies (relevant to the new EU Green De
objectives).

o List of predefined queries which will allow the user to overlay the maps ¢
ecosystem services with a set of selected base maps, such as protected 4
boundaries, land cover maps, areas of infrastructures, biodiversity hotspots a
indicators (based on atputs from INRIA).

0 A set of parameters which can be changed by the user manually (within a-f
defined range of values) which relate to the different scenarios built jointly wit
the case study experts. These will allow the users to visualize how speg
management priorities, strategies and actions, will impact ecosystem serviceg
different case studies through maps.

0 A set of graphs that will accompany the maps of each scenario indicati
changes in biophysical, social and where relevant economic values.

1 Exchange data formats / standards (e.g., json, WMS, jpeg, etc.):

o Image files (e.g., JPEG) in case the user would need the final output (maps an
graphs) as is

o Raster files (.TIF), Vector files (.shp) and/or WMS services, in case the user w
to download the outputs for further analysis.

1 Documentation (e.g., swagger):

0 Method or pre-print paper (e.g., uploaded in Zenodo or arxiv)

0 For R code scripts, documentation will be provided either through R noteboo
or GitLab

1 Endpoint (if already existing):none

Non-functional requirements

1 Performance/Scalability:
The ES mapping application is developed under a shared methodological framework.
methodological framework is scalable from the case study to the EU level and is replicable ac
case studies. Still real time calculation and assessment is not possibld, all models are
precooked under predefined scenarios set by their stakeholders.

1 Quality and Validation:

1. For the mapping and assessment of ES, we will use data that have been validated ar
peer+reviewed i.e published in a scientific platform (e.g as a scientific paper, official d
provided by an organization).

2. For the synergies and tradeffs analysis, the methods will be selected based on the
suitability for the data type, research question, and assumptions of the analysis.
addition, diagnostic tests and graphical techniques will be used to assess thedigliof
the results.

3. Interms of the development of BBN outputs, the quality assurance will include:
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0 Model Structure Verification: This involves ensuring that the structure of the BE
accurately represents the relationships and dependencies betweg
variables/components; this will include expert review and stakeholdg
verification through workshops.

o Parameter Estimation: BBNs require probability distributions for each node
the network, representing the conditional probabilities of each variable given i
parent variables. Quality checks will verify the accuracy and reliability of the
parameter egimates through hard (data) and soft (stakeholder knowledge
evidence.

0 Sensitivity analysis will be performed to assess the robustness of the model
variations in input parameters. It will involve systematically varying th
parameters of the model and evaluating the impact on the model's prediction
This will help identifycritical variables and uncertainties that may influence th
model's outcomes.

o Validation and Testing: BBNs will be validated and tested using historical dat
possible, or expert and stakeholder judgment to assess their predictive accurg
and performance. Validation involves comparing the model's predictions wi
observed data b determine its reliability and generalization ability.

0 Model Updating: BBNs will be updated periodically to incorporate new da
(evidence), knowledge, or changes in the case study areas.

Non-functional requirements

91 Security: Different security protocols are applied at different stages of the ES modellix
approach. As most data is already available from other sources, data security protog
APPI U AEiT1TxETC OEA OAOOOEAOQEITO 1T £ é&
and strictly confidential in its unprocessed form. Within the model it is used in a cod
form and it is not possible to trace individual expert inputs.

9 Access SecurityThe model outputs are made available to authorized users who need
use the ES models to inform decisiamaking under different scenarios.

1 DataSecurity! I 1 CAT AOAOAA AAOA EO OOT OAA EI
server.

1 Privacy: Privacy of the data is guaranteed and clear instructions of reuse of the dg
shared, as well as the models produced will be given together with data sharing.

Landscape dynamics mapping tools
tech card:n°9 | hosting: DRAXIS repositony| Priority: Must Have

Overview: This module will provide spatial information over the case study area on the evoluti
£ 1 ATA OOA 7 1T AT A AT OGAO j,57,#qQ AT A OEA

the form of geodata raster maps. This will provide a basis for undeastling the potential impact
of future land management decisions on the landscape composition and structure. It contal
the workflow required to create the LU/LC maps that will be integrated into the system's en
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user front-end (the decision support application in particular). Each map will be computed frg
a specific workflow using models and algorithms in GIS software environment based
Supervised Classification methodology. The models to be used are cutéige ML algorithms
for image classification on satellite images. Objectiented image analysis will enhance thi
process by incorporating segmentation into the classification analysis. The results of th
models and classification schemes will be assessaul validated using image interpretation o}
highresolution satellite images.

Functional requirements
The workflow of the landscape dynamics mapping includes:

1 Primary satellite data acquisition from:
The Copernicus Data Space Ecosystdi@A SentineR images(at 10x10m resolutionpf
different time seasons (more detail$iere).
o The USGS Earth Explorer, Landsat Collection 2 L-@v8tience Productg
(more detailshere).

91 Classification schemas development oriented to the study area landscg
characteristics.

1 Calculation of vegetation, water moisture indices etc. (SAVI, NDWI, NDVI etc.
contribute to the segmentation process as well as to the analysis of different landsca
conditions.

1 Integration of image segmentation process using the Objeotiented image analysis
(OBIA) in order to enhance the image classification. This will allow to take into acco
in the analysis both spectral and spatial characteristics of the individual pixelsrder to
group them and produce cleaner results at a higlesolution.

9 Training of classification algorithms (Support Vector MachineN€arest Neighbors etc.)
based on training samples collection datasets in order to produce classification thema
maps on LU/LC with a resolution up to 10x10m at pilot case area. The LU/lgS midl be
validated based on highesolution satellite images and as a result, the landscal
transformation will be assessed for different time periods.

9 Storage of computed data of maps (geotiffs) on Geoserver. This allows for integrati
of the raster data into web applications (the decision support application) that suppo
Web Map Service (WMS) or other web service protocols.

Year 2024

FGURE7 - LU/LCMAPS OF THEYPRUS PILOT CASE FOR THE YRAHSAND 2024
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Interface (with other components)

9 Serving geospatial data through Web Map Service (WMS) and/or Web Coverage Se
(WCS) open standard protocols into the GUARDEN Decision Support Applications (D
in order to display the maps interactively. These services allow to request and disy
geospatial data in various formats.

1 Provided services/features:
o Visualizations of maps showing spatial distribution of land use/land coy
and their evolution throughout time in 10m resoluton.
o A set of graphs that will accompany the maps indicating changes of |a
use/land cover.

o Map visualisations showing the spatial distribution of vegetation
indicators, such as NDVI, and their evolution over time, to contribute to
broader understanding of landscape transformation.

1 exchange data formats / standards: jpg files, geotiff files

Non-functional requirements

1 Quality and Validation:To validate the accuracy of the LU/LC maps, a confusion ma
will be used to compare the predicted LU/LC map classifications with the actual groy
truth data points collected from highresolution satellite imagery. The validation dat
points serve as aeference standard, ensuring that the classifications in the LU/LC m
are evaluated against realorld observations. The confusion matrix provides a detaile
analysis of classification performance, displaying the number of correctly and incorreg
classfied instances for each category. Key metrics such as overall accuracy, prodl
accuracy, user accuracy and kappa coefficient derived from the confusion matrix
provide information on the reliability and validity of LU/LC maps. This approach ensu
areliable assessment of map quality by highlighting where the classification is accur
as well as identifying potential sources of error. A detailed explanation of tk
measurements will be available through the DSS to ensure that emskrs are well
informed about the reliability of the maps

1 Performance:
o The Geoservershould be capable of delivering maps through WMS with
acceptable time frames
o Resolution Accuracy: The 10x10 meter resolution should be maintair
throughout the workflow to ensure the spatial resolution of the final maps.

1 Security: Secured communication protocol with exchanges encryption via https. A
generated data is stored in DRAXIS server.

4.1.5 Open APIs

Pl@ntNet PhotolD API
tech card:n°3 | hosting: my.plantnet.org | Priority: Could Have
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Overview: Pl@ntnet photolD APIEO A xAA ADPDPI EAAOETT Al11T x
identification engine as a RESTful JSON based Web service. The application include
following features:

9 User account creation and management through a us&rendly personal dashboard
(e.g. graph of the number of queries per day)
Secured access to the web services with an API key
Imagebased species classification: the service returns the list of species correspong
to the query image(s), each associated with the probability output by the deep learni
model
1 Similarity search: the service returns the closest pictures to the query which allows
user to visually control the returned species
1 Continuous improvement: PI@ntNet model is regularly updated with new knowledg
(revised collaboratively by Pl@ntNet community) and new deep learning mode
architecture
1 Automated rejection of nonplant images including pornographic contents, faces
personal objects, etc.
Rich documentation for developers.
Quality-ofservice: advanced monitoring tools, automatic restart, scalabilit)
identification quality monitoring and nonregression guarantee.

1
T

=a =

Functional requirements:
In the context of GUARDENRI@ntnet photolD APiwill be enriched/extended in several ways:

1 Development of new routes compliant with the global checklistPlants Of The World
Online as mentioned earlier, the entire PI@ntNet platform will be migrated to a ney
globally homogenous backbone maintained by Kew botanical Garden in order to bet
cover the European and world floras. This integration will require a major evolution
the APl with the development of new routes, new unit tests on theses routes, ne|
monitoring tools for these routes, new documentation, etc. This has to be done wh
maintaining the compatibility with the previous routes (integrated in many thirgarty
applicdions).

1 Development of new routes compliant with theARISE digital species identificatioAPI
format: the ARISE project haslefined a standardized way for species identificatio
algorithms to describe what they have localized and identified in media items. It
flexible enough to cover images, sounds, video, and more; it can represent geng
classification results as well adetections in "bounding boxes", and detections linkeg
across multiple images. In order to foster interoperability between all EU projects relat
to biodiversity monitoring, we will develop new routes in Pl@ntNet API based on th
ARISE specification (thas public and open).

1 Development of a new service for the processing of vegetation plot images: the curre
version of Pl@ntNet API only allows to recognize the species of individual plant imag
Beyond this, one of the objectives of GUARDEN is to automate the monitoringlaints
carried out in the form of protocolized inventories of vegetation plots (e.g. quadrats ¢
1x1m). Therefore, a new service allowing to detect/identify all plants in a vegetation
image will be developed. The new developed route(s) will allow:

o submission of one high resolution image of a vegetation plot
o configuration of the type of regions of interests to be used: (i) fixed grid with g
without overlap of the tiles, (i) pyramid of multiple resolutions with or without
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overlap of the tiles, (iii) blind segmentation of the image, (iv) specific detectors (e.
flower detector, fruit detector, etc.)

o configuration of the type of results to be returned: (i) presence/absence (
species, (ii) number of regions of interest per species (weighted or unweighted
confidence score), (iii) full identification results of all regions of interest.

o Development of a new access control system with firgrained permissions, to
associate more accurately use cases and partners with available API routes.

Interface (with other components):

Type on interface:RESTful API

Request and Response FormatdSON format
Endpoint: https://my-api.plantnet.org/

APl Documentation:

1 web portal: https://my.plantnet.org/
1 swagger documentation:https://my-api.plantnet.org/

Services provided:

9 Identify the species of an observation (1 to 5 images of a plant): route in producti
(accessible to any user)
post: https://my-api.plantnet.org/#/myapi/postV2ldentifyProject
get: https://my-api.plantnet.org/#/myapi/getV2ldentifyProject

1 Identify the species of a vegetation plot image (e.g. quadrat): route in beta versi
(accessible only to authorized users)
post: https://my-api.plantnet.org/#/quadrat/getV2QuadratDetailProject
get: https://my-api.plantnet.org/#/quadrat/postV2QuadratDetailProject

Non-functional requirements

The requirements of Pl@ntNet open API in terms dPerformance/Scalability, Quality an
Security are the same as the ones mentioned for the PlI@ntNet application itself.

The requirements in terms of privacy are slightly different because the data sent to the open
is not stored in anyway. The terms of use are those slightly different. They are accessible a
following link: https://my.plantnet.org/terms_of use

Naturalis AudiolD API: Bird sound Identification
tech card:n°5 \ hosting: Naturalis server \ Priority: Must Have

Overview: Naturalis runs image and sound identification web services at the Dutch national le
i OEA O! OEOA6 DOI COAi i Agqh ETAI OAET ¢ A OAO(
has developed and agreeda common RESTful JSON API specification for image/so
recognition servicedor Arise and also with GUARDEN partners. Using this specification and
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Arise infrastructure, Naturalis will develop a European bird sound recognition service. The A
infrastructure offers, among other things:

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

Functional requirements:
In the context of GUARDEN, the bird species recognition API will be developed, tested,
launched as a live service:

1 Multilabel species classification (recognition of 1 or more prominent species in a gi
audio clip)

o0 Covering over 500 European bird species

0 With over 75% meaaverageprecision (mAP) typical performance

1 Classification algorithms producing outputompliant with the ARISE digital specie
identification API format: theARISE project hadefined a standardised way for specie
identification algorithms to describe what they have localized and identified in med
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. 1
algorithms will also be shared within the GUARDEN network (e.g. for partners
use offline) and in most cases these will also be published openly.

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

1 Documentation of sound recognition quality foboth smartphone audio recordings ang
for some common acoustic monitoring devices, in European habitats.

Interface (with other components)

The ARISE Machine predictioAPI is a format describing standardized inputs and outputs f
REST APIs that do machine prediction for images, videos and sound. The core concept of th
is that it supports multiple media items and multiple objects per media item (image, videofran
sound section, etc.). Each object (or set of objects; see below) has associated predicti
Multiple predictions (types) per object are supported.

The API format is inspired by the Obsldentify and DIOPSISeeses but is designed for a broa
array of usecases, including video and sound processing. The format is structurally (althoy
not literally) compatible with the CamtrapDP standard. More conké motivation and examples
can be found inARISEDSI Prediction AP| formatblog.

An object in the APl is called a region, which is defined by a set of media space coordinates
the time-region in the audio file). Regions are grouped into region groups, which are a set
regions which belong together and for which it makes sense tto a combined prediction. An
example is the same individual organism in three different media items. Predictions are done
the region groups. In the case that each region is independent they are still organized into red
groups, but each region groughas then only a single item in its regions field.

API Input: The input expects one or more media items (in this case, audio files) to be posted
the mediaPOST parameter. Multiple inputs should be posted to the sammediaparameter.
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API Output: The JSON schema is given hetgtps://gitlab.com/arisebiodiversity/schemas/
/blob/main/schema_dsi_algorithm_ predictions.jsanAn example output is given here:
https://gitlab.com/arisebiodiversity/schemas/
/blob/main/examples/example_apioutput_diopsis.json

A detailed explanation of the different fields of the ARISE APpi®vided in Annex 4.

Non-functional requirements

Quality and Validation: systematically evaluate the trained models on a test set of aud
recordings (not included in the training set), communicate this to the end users thoug
comprehensive reports

Errors management: returns the confidence score of the model for each detected species

Security: access for users is by userid and password, with GUARDEN users having individy
collective private access to their media items and predictions. Access for automated (API) ¢
will be by authentication key tokens.

Data storage and privacy$ AOA OOT OACA EO ET OEA 1 OEOA (¢
items may be stored in the Arise servers for future reference, though this is not the primg
storage and users are expected to keep their own copies if needed. Predictions from
machine learning algorithm are made available to GUARDEN users and automated access
are also stored in Arise londerm. The media items (and predictions) stored on the Arise serve
can be kept private, or shared outside the p@AAOh AAAT OAET ¢ O1 OEF
per-data-source basis.

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

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

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

1 apolygon
i apoint + radius
The output of the service will be configurable and will include the following possible informatio

1 species present in the Rol according @BIRwith number of occurrences) configurable
with filters such as the year range or the IUCN red list category.

91 species list potentially present in the Rol according to the predictions of the DeepSI
model(s) available in the area (default one or specified by the user)

1 Meta-data about the species (e.g., GBIF species Id, IUCN red list category)

9 Biodiversity indicators:
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o Shannon index (computed on the species present and/or potentially present)

o0 Presence/percentage of endangered species according tCN red list
(computed on the species present and/or potentially present)

o0 Presence/percentage of protected species in thieJ habitat directive(computed
on the species present and/or potentially present)

0 Presence/percentage of exotic invasive species (according @ABlor GRIIS
(computed on the species present and/or potentially present)

o EUNIShabitat(s) according to available data sources (e.gBV porta] Carhab)
as inferred from the species present and/or potentially present, or

Additional options/types of outputs will be integrated later based on users feedback.

Interface (with other components)
Type on interface: RESTfull API
Endpoint (if already existing):https://my-api.plantnet.org/v2/guarden/

Provided services /features:

/v2/guarden/cs Getcase studies list
/v2/guarden/{cs}/details Get case study details
/v2/guarden/{cs}/indicators Getindicators list
/v2/guarden/{cs}/species Getspecies list
/v2/guarden/{cs}/species/point Getspecies listat point
/v2/guarden/{cs}/indicators/point Getindicators list at point
/v2/guarden/{cs}/indicators/area Getindicators listinarea

/v2/guarden/{cs}/species/area Get species listin area

Exchange data formats / standardsjson

Documentation: swagger documentation (https://myapi.plantnet.org/?tags=guarden#/)

Non-functional requirements
A large part of the norfunctional requirements of GeoPl@ntNet API are the same as the on
of the GeoPl@ntNetweb application (which will actually use the same underlying features f
many of its key features). Some other requirements are more specific to the API:
1 Flexibility:
1 Configurability: Provide configurable options for users to customize the outpl
of the service, such as selecting specific filters for species data
1 Extensibility: Design the APl in a modular and extensible manner
accommodate future enhancements and additions, such as incorporating ne
models or expanding functionality.
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1 Comprehensive Documentation: Provide thorough documentation for developer
including API reference documentation, usage examples, and explanations of requ
and response formats.

4.1.6 Other key technologies
Al-based deliberation analysis tool
tech card:n°8 \ hosting: CSIC repository \ Priority: Could Have

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

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

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

The third stage will concentrate on evaluating the quality of the deliberation taking place
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 the
communities, for example, by identifying how experts can contribute to a specific discussion g
pointing them to the discussion to see if they can collaborate.

Interface (with other components)

1 Discussion fora crawling; The implemented crawler has two different ways to access
The simplest one is using it through a script, as described in the github repository.
example to crawl all the discussions in the forum of cientopolis.org we showd

bin/discourse_crawlerd db/cientopolis.org.db-u https://forum.cientopolis.org -

Additionally, programmatic interface to the crawler is provided by encapsulating it vig
Python API. The crawler code is mthub.

1 Discussion analysis: Two level of analysis will be provided. A higher level
implemented via jupyter notebooks, relying on a lower level Python library, flexible
help the implementation of additional analysis.

1 Expert identification: This consists of a experimental framework in Python for runni
the experiments of our article:

Komander, Bjoern, Jesus Cerquides, Jaume Piera, Jeffrey Chan, and Azadeh
Onw@PAOO &ETAEITC A O #EOEUAT 3AEAI
Development, 5%69. I0S Press, 2023. https://doi.org/10.3233/FAIA230659.
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If proven successful enough on the experimentation, we will encapsulate our Exp
identification model as a web service.

Non-functional requirements
Some of the nonrfunctional requirements for expert identification are:

Efficiency and performance The expert identification is not a live process, it could K
implemented as a background process on the discussion fora. Even tough, efficiency shoul
in line with the relevance of the service provided.

Robustness: The system should demonstrate resilience in handling noisy or incomplete datg

Flexibility: The system should offer support for several expert identification models.
Documentation: Extensive documentation should be available, offering clear instructions

installation, utilization, and customization, aiming to ease adoption and facilitate furthg
development by third party researchers.

Species Distribution and Habitat Modeling framework
tech card:n°4 | hosting: Github | Priority: Could Have

Overview: This component isan opensource framework providing libraries, tools and softwareg
for training highresolution predictive models of species compositions and habitats fromsiiu

observation data, remote sensing and environmental data. The initial plan was to develo
single software repository, but the different types of use, the neefbr modularity and the
pooling of efforts with the European project MAMBO eventually led us to develop several int
connectable but independent software components:

1 Malpolon (co-developed with MAMBO EU project): Malpolon is a framework facilitatin
the training and sharing of Deep Species Distribution models using various types of in
covariates including bioclimatic rasters, remote sensing images, lamk rasters, etc..,
Malpolon is destined to be used by various user profiles, including rexperimented
users with deep learning technologies.

1 Pl@ntBert: Pl@ntBert is a specie®-species and specie®-habitat modeling
framework based on LLMs (Large Language Models). The target users are typically ¢
scientists or developers with a good knowledge of tools such as pytorch and pandas

1 GeoPl@ntBert GeoPl@ntBert is a library and set of scripts for more advanc
developers allowing to train an endo-end habitat distribution model combining a Deey,
Species Distribution Model and a speci¢s-habitat model based on LLMs.

Functional requirements

1 Malpolon
Malpolon implements the following features:

Datasets, datamodules, dataloaders

9 Load, transform, split and sample data for pytorcfriendly dataloaders
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1 Supports existing datasets for the training of DeepSDMs including GeolifeClef2(
GeolifeClef2023 and GeolifeClef2024 datasets

1 Support the integration of generic raster multspectral datasets like Sentine?, landsat,
Chelsa climate, etc. Data can be stored either as fpdracted chips (patches) or as big
raster files (geotiffs)

1 Support the compatibility of datasets implemented withimorchGeo(a PyTorchdomain
library providing datasets, samplers, transforms, and pteined models specific to
geospatial data.)

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

Training, inference: The train/val/test model training is based on pytorch lightning an
implemented in the framework so that one user only has to instantiatedatamodule(containing
a datase)), a model, atrainer (always the same). Inference: it is possible to run the model
inference mode on a single data point or on a test dataset. It is possible to easily change
state_dictkeys

Parametrization

1 Models, training mode and dataset choice anparameterizablein config files read by
every main files

Add onthe-ly transform feature to RasterTorchGeoDataset
Allow users to choose whether they want raw logits output before their loss or ng
(supposedly to implement custom losses), all without having to change the
parametrization.
1 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 augmentatior
especially for data of different sizes

T
1

=a =

Examplesof usage of the framework

Source codes of various examples of usage of the framework organized by use caseenarios.
Here is the list of the foreseen scenarios:

1 Inference: | have afile (.csv) and | want to predict the presence of species on a given g
using a model trained previously and a selected dataset or a shapefile | would provid
1 Model Training | have a dataset of my own and | want to train a model on it.

o Drop and play 1 have an observations file (.csv) and | want to train a model
different environmental variables (rasters, satellite imagery) without having t
worry about the model, the training procedure or the data loading.

o Custom dataset : | have my own dataset consisting of pegtracted image
patches and/or rasters and | want to train a model on it.

1 GeoLifeCLEH am a potential kaggle participant of the GeoLifeClef challenge or | we
to reproduce some of the results obtained by others. | want to train a model on tk
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provided datasets without having to worry about the data loading, starting from a plug
and-play example. The framework already contains a full example of a model training
the GeolLifeClef2022 dataset, from data download, to training and prediction. T
GeolifeClef202and GeolLifeCLEF2024 scenario will be developed later on.

2-Pl@ntBert

PI@ntBERT is an opesource framework amed at encoding vegetation patterns and enhance
their classifications into EUNIS habitats. This tool leverages computer science and lingu
processes based on transformers. In particular, the pipeline implements two artific
intelligence tasks: filmask and text classification. Firstly, masked language modeling get
statistical understanding of vascular plant compositions. Then, subsequent training assigng
EUNIS label to sentences describing phytosociological relevés. A first version of the é&aork
has been developed and some first models have been trained showing very good performa
over previous stateof-the-art methods (i.e. habitat classification accuracy score of 92.48% ¢
database containing millions of European surveys from EVA).

The final framework to be shared in opesource should allow eneisers (i.e. data scientists) to

(i) use the already trained model in inference mode: the input data to be provided is the list
species present in the site(s) to be classified (formatted in a csv file and using GBIF specie
as species identifier) . The output is the most likely El8\abitat (at level 3 of the hierarchy) o
the sites to be classified.

(ii) reproduce the training of the model (and by extension enable the training of new mode
based on other data)

3-GeoPl@ntBert

GeoPl@ntBertis a library and set of scripts for more advanced developers allowing to train
end-to-end habitat distribution model combining a Deep Species Distribution Model and
speciesto-habitat model based on LLMsbased on computer vision (convolutional neurs
networks) and natural language processing (transformers). In particular, it focuses on (i) img
classification (plants assemblages are created based on satellite images and raster
environmental data), (i) fill-mask (predicted plant species are then translated in context into
modelled ecological process) and (iii) text classification (habitat types are finally assigneg
sentences describing species compositions). Concretely, GeoPl@ntBert is usable utinoa
pipeline of bash and python scripts.

Interface (with other components):

Type on interface python scripts, python modules (torch.nn.Module,
torch.utils.data.Datal.oader, torch.utils.data.Dataset)

Github repositories:

0 malpolon: hitps://github.com/plantnet/malpolon
o Pl@ntBert, GeoPL@ntBert: not publicly available yet
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Exchange data formats / standardscsv files, jpg files, geotiff files, pytorch objects (state_dict
tensors)

Non-functional requirements

Scalability: The framework should be able to handle large datasets efficiently (at Ethle and
high spatial resolution), with the capability to scale resources as needed for processing
analysis.

Robustness The framework should be resilient to noisy or incomplete data, with mechanismg
place to handle errors gracefully and continue processing without interruption.

Flexibility: The framework should support various deep learning architectures and algorithn
allowing researchers to experiment with different models and approaches for modeling spec
and habitat distributions.

Interoperability : The framework should seamlessly integrate with existing data formats a
tools commonly used in ecology and biodiversity research, facilitating data exchange 4
collaboration.

Documentation: Comprehensive documentation should be provided, including clear guidelir
on installation, usage, and customization of the framework, to facilitate adoption ar
development by researchers.

4.2 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 endsers or stakeholders.

4.2.1 Models

This section describes the main models built within GUARDEN enabling the key technologies to
operate.

Plants Photo ID modeldy, 4 EAOA AOA OEA ') 11T AAT O OOAA ET 01 al
Photold API (see section 4.1.2 amtl1.%.1.2. They are based on the latest architectures of
transformers trained with selfsupervision (such as BEI ] or DinoV2[2 ]). They are regularly

trained on millions of Pl@ntNet images labelled with th® OWOtaxonomy and evaluated on

various benchmarks before being integrated. The models are extended with additional
layers/modules for the identification of multiple species in HD images of vegetation plots
observations such as quadrat images, drone images @r wiews (through a tiling and merging
approach). Those extensions are evaluated on various benchmarks before being integrated in new

Ol OOAO 1T &£ OEA 019210. AOBO 0ETOT)A 10) AT A ET OEA
The models are trained odeanZaysupercomputer 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 amtsuof

audio recordings coming primarily fromxeno-canto (a web portal dedicated to sharing wildlife
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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 Breeihg Birds. Validation of performance will be conducted on a pgpecies
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
DOAOGAT O AO AT U 11T AAOQETT ET %001 bA8 4EAeseakcA AAOA
work in this area (see e.g.jeneu202}, [Estopinan202}, [Deneu202]).

A first model was trained at the EU level based on 5M (filtered) GBIF occurrences and 1.6M survey
plots from EVA based on two main type of predictors:

A Sentinel 2 RGB/NIR image patches anywhere in Europe (at 10x10m resolution) and at any
month between 2014 and today (more detailsere)
A Elevation data at 30x30m resolution (as specifiétkre)

New models will be trained at the EU level based on 3@8BIFoccurrences and 1.6M survey plots
from EVAbased on the following predictors:

o Copernicus data:

A Sentinel 2 RGB/NIR image patches anywhere in Europe (at 10x10m
resolution) and at any month between 2014 and today (more detdilsre)

A Monthly landsat multivariate timeseries (RGB, NIR, SWIR1, SWIR2) at any
spatial position in Europe (30m resolution) from 2003 to today, at any
position (more detailshere)

o Climatic data cubes:

A Time series of 4 climatic variables extracted as cubes of size 19 years x

12months x 4 variables (more detailgere)
0 Spatial Environmental rasters:

A 19 CHELSAio-<limatic variables at 1km resolution (as specifiedre)

A Elevation data at 30x30m resolution (as specifiétkre)

A Human footprint data (as specifiechere)

A Land Cover data (as specifiduere)

A Soil attributes data (as specifietiere)

The models will be trained odeanZaysupercomputer equipped with thousands of GPUs.

The models will be evaluated separately and jointly on a test dataset of expert presence/absence
data coming fromEVAplot surveys data.

More precise models that will work only locally, in particular in the case studies areas, will be
specified later on.

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:

U speciego-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, Multiyer perceptron, XGBoost and Natural
Language Procesing models such as BERT. The models will be trained on a large dataset
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of hundreds of thousands of vegetation plots provided by thécuropean Vegetation
Archive,

U species status prediction modelsthese 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 Multiayer 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)

U species interaction modelsthese 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 © 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 data and indicators for mapping the current
state of ecosystem services; 2) the identification of synergies and tradeoffs among components of
OEA AAOA ociedlbgicdl Gystem®, especially those that might emerge between
biodiversity protection and development plans through a systems modelling approacmnd 3) the
development of Bayesian Belief Networks (BBNs) for modeling and mapping future trends of ES.

i ES/INCPs quantificationThe final ES and biodiversity indicators that will be used and
applied within GUARDEN will be defined after the first scheduled workshops with the case
OOOAEAOG AT A OEA OAI AOGAT O OOAEAET 1T AAOO8 50ET C
output products (e.g. biodiversity and habitat maps), data provided by the case studies at
the local level, and other readily available data (Earth Observation data, ES initiatives and
land/climate monitoring products) different indicators will be mapped based on eachse
study needs and requirements (e.g. human and/or economic weding, energy
production, coastal tourism/recreation, landscape quality). Various quantification methods
will be applied which can vary from simple expeliased scoring systems to complex
ecological models depending on data availability. Based on those, possible synergies and
trade-offs among the different system components (ES/NCP, Biodiversity, Weling, etc)
will be identified. This will facilitate the development of the BBNs by provigj insights into
the structure, parameters, dependencies, uncertainties, and potential interventions within
the system. By leveraging this understanding, stakeholders can build more accurate and
insightful models.

i BBNs For the development of the BBN, we will use the gBay platform developed by Stritih
et al. (2020) (https://wiki.gbay.ethz.ch/), an online platform for spatial and iterative
modelling of ecosystem services with Bayesian Belief Networks. A Bayesian Bebéfvbrk
is a directed, acyclic graph with an underlying joint probability distributioR¢rio202Q. The
modelling framework consists of four parts:

0 A set of nodes representing variables, each with a set of mutually exclusive
(discrete or continuous) states. These will be defined jointly with case study leads
and stakeholders. To detect the most relevant influence factors we will organize a
workshop with experts or stakeholders. Before the workshop, a list of relevant
factors can be compiled based on literature or expert interviews. During the
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workshop, the participants individually rank the importance of the individual
factors. Then, the ranking is discussed to find a consensus about a set of most
relevant influence factors. Then the nodes will be created using the softwadetica
[Norsys201f The useffriendliness and transparency of this software package
facilitates the inclusion of knowledge of a broad range of experts into the model
[Landuyt2014

0 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.
0 A set of probabilities specifying the belief that a node will be in a particular state
£l O AAAE AT i1 AETAOCEIT T &£ EOO DPAOAT O- 11 AAOGG

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 Aguilera201]l Depending on the
availability of data or models, various methods can be used to populate CPTs, from
APbAOO A1l EAEOAOQET 1 Ladduyt2DiRDAriog thisl péessA@1 | AAC
may find it necessary to return to previous steps and redefine the nodes, their
states, or the links between them. IlNetica, the CPTs can be filled either manually
or through equations. Due to its ability to learn the model from data (both DAG
and CPTs), Netica is the most preferred modeling tool in the scientific community,
including environmental modelersPérezMinana201f

0 The final step is to test, evaluate, and update the BBN. Once all the CPTs within the
BN are completed, the network can be compiled and then tested by introducing
O A OE A AditriBlhA0d 9. This evidence is propagated through the network via
inference, enabling us to examine the resultant probabilities across other nodes.
The BBN and its behaviour under different management and climate scenarios will
be presented to experts and stakeholder, and evaluated by them. Afterwards,
their feedback will be used to adjust the structure of the network, the states of the
variables, or to update the CPTs.

U Landscape dynamic modelsThese are the models that will be used are the stapé-the-
art Al algorithms for image classification on satellite images. Specifically, the Object
oriented image analysis will enhance the image classification analysis by incorporating a
segmentation process in the pipeline of the analysis. This will take into account both
spectral and spatial characteristics of the individual pixels in order to group them and
produce cleaner results at a highesolution. As a result, the modelsvill be applied in a
time-series of satellite images and the classification schema will be produced for different
periods of time. The outcomes of the models and the classification schemes will be
assessed and validated using image interpretation on higisolution satellite or airborne
imagery.
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4.2.2 Backends

This section provides a technical description of the main baskds of GUARDEN system, i.e.
components responsible for handling data storage, processing, and business logic, typically
running on servers and not directly visible to users.

4.2.2.1 GUARDEN Contextualizable Dashboard baskd

The illustration below provides the architecture and main components of the DSA HMI backend,
how the components communicate and how data flows between the various components.

Human Machine Interface

/ Directive "
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Custom behaviour

to DOM Elements Events generated Views are displayed CRUD Calls EEE
are handled by for each section >
Components A
Tablel :Tqbles
HTML + €SS oy
4 — Foreign Key
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Table2 Tables
related by

Fo,réign Key
AJAX Requests =T S
Handlers 4
CRUD Calls
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DSAs Basic Architecture

FIGURES - BASIC ARCHITECTURE OF THBARDENDSAS

Programming Languages and Technologiesthe GUARDEN DSAs and their interfaces will be
developed using opersource standards, involving the utilisation of a mixture of programming
languages and technologies organised into cliestde and serveside categories:

Client-Side languages/technologiesClientside refers to the execution of code on a user's device,
usually a web browser. The presentation, interaction, and user experience of a website or online
application are all handled by cliertide languages like HTML, CSS, and JavaScript. Glidatcode

is downloaded and run on a user's device when they browse a web page.

Clientside languages are used to design an engaging and visually appealing user experience. Web
page structure is determined by HTML, visual styling is handled by CSS, and functionality is added
to the page via JavaScript. Rendering the user interface, naging user interactions, and sending
asynchronous data requests to the server are the main concerns of clisitte code.

©GUARDEN, 2023 54



D2.6- GUARDEN system architecture design and technical specificatiofimal %, G UA R UEN

Here is a list of the clienside languages and technologies as referenced in the aforementioned
architecture:

1. HTML (Hypertext Markup Language)Content on the web is often organised and presented
using HTML, a markup language. It offers a collection of tags that specify the structure and design
of aweb-page. The structure and content of web pages are created using HTML, which also defines
headings, paragraphs, links, images, tables, and other features.

2. CSS (Cascading Style SheetSBS is a language for creating style sheets that describe how HTML
content should be presented and look. As well as improving the look and feel of HTML elements,
controlling their positioning and styling, and creating responsive layouts, it determines tlagout,
colours, fonts, and other visual features of a wepage.

3. AJAX (Asynchronous JavaScript and XMBRsynchronous communication between the browser
and the server using AJAX is possible without the need to reload the page. To communicate data
with the server, it employs JavaScript and either XML (Extensible Markup Language) or JSON
(JavaScript Object Nadtion). Due to the ability to acquire and show data without refreshing the
entire page, this enables dynamic changes on websites, making them more engaging and
responsive.

4. jQuery Framework:The traversal of HTML documents, event handling, and animation are made
simpler with jQuery, a quick and succinct JavaScript téal. It offers a set of reusable utilities and
functions to speed up JavaScript programming. Common JavaScript operations &déing HTML
elements, handling events, making AJAX queries, and producing animations are made easier with
jQuery, leading to more efficient code.

5. Additional 3¢ party solutions for Human Machine Interface (HMI) purposes:

a) ZingChart:lt is a flexible JavaScript charting framework that enables developers to create
interesting and dynamic data visualisations for online applications. ZingChart enables developers
to present complex data in visually appealing ways because of its extensiVeart types,
customisable choices, and robust feature set. Developers may completely customise every part of
their charts because of the extensive customization options it provides for design, animation,
tooltips, and interaction. ZingChart is appropriateof dynamic and datadriven applications since it
offers reaktime updates and interaction with external data sources. ZingChart offers developers
the freedom and simplicity they need to easily build spectacular data visualisations because of its
crossbrowser interoperability and seamless connection with wethown frameworks.

b) CanvasJSThis JavaScript charting library makes it easier to create interactive, -egéching
charts for online applications. CanvasJS offers a variety of chart kinds, customisation choices, and
data processing abilities along with a usériendly APl and extensig collection of features. It offers
cutting-edge features like dritdown functionality and realtime data updates, enables responsive
design, and ensures consistent chart presentation across devices. CanvasJS is a useful tool for
developers who want to ceate interactive charts with a polished appearance because it works
with all current browsers and has rich documentation and support.

ServerSide languages and technologiesthe term "serverside" describes how code is run on the

web server that hosts the website or application. Behind the scenes, sergéle languages like
Python, Java, PHP, or ASP.NET handle request processing, data storage, and business logic. When
a userinteracts with a web page, their actions are transmitted to the server, which processes them
and produces a response that is delivered back to the client.

Serverside languagesare used to manage data, carry out calculations, communicate with
databases, and carry out an application's servside logic. In order to maintain data security and
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integrity, serverside programming controls user authentication, database operations, and
business rules. It takes usesubmitted data and produces dynamic content, such as tailored sites.

The serverside languages and technologies used in the aforementioned architecture are listed
below:

1. ASP.NET Corés a crosglatform, open-source framework for creating contemporary
online applications. It offers a uniform development approach and a selection of tools for
building reaktime apps, MVC applications, and online APIs. Through the use of capabilities
like routing, middleware, authentication, and data access, ASP.NET Core enables
developers to create dependable and scalable web applications. It manages the seside
logic of web applications and supports serveside rendering.

2. MySQL a relational database management system (RDBMS) that is ojsenrce. It offers
a scalable and effective method for managing, storing, and retrieving structured
data. Database creation, administration, and querying are all done with MySQL. Data from
serverside applications is frequently stored and retrieved using this technique in web
development.

In conclusion, serveside technologies handle data processing, business logic, and database
operations on the server, whereas cliertide technologies are primarily concerned with the user
interface and interaction, running on the user's device. They @ibrate to develop dynamic,
interactive web apps. The aforementioned programming languages and technologies will be used
to implement the DSAs. However, the possibility of utilising additional programming or
development tools or languages remains open faonsideration if it can demonstrate improved
outcomes.

4.2.2.2 Pl@ntNet backend

'T 1T OAOOGEAx 1T &£ 01921 0. AOG3 O FEriori Referenceisbuice motiduddd O O A
(including the front-ends, the backend components and the data storage components). The
architecture capitalises on the latest advances in welriented architectures, micraeservices,
containers and distributed data management. In addition to the data stge components
(described in the next section), the backnd consists of three main parts:

1 The API layer: containing the public and private APIs used to communicate with the front
ends (public and private ones).

1 The data access layer: orchestrating the processing of the requests sent to the different
APIs

1 The identification engine (blue boxes on the left) which runs the -Aased analysis of plant
images

1 The GeoPl@ntNet baclend (purple boxes) which runs the processing of the queries sent
through the GeoPl@ntNet frontend or through the open API for developers.

1 The image baclend (at the top right corner) which processes and stores incoming images
on a distributed network storage infrastructure

1 The data backend (white boxes at the top and top left corner) which stores all nebinary
data in replicated documentoriented DBMS

The first three parts already exist, but will have to evolve consistently as part of GUARDEN to:

1. enable the migration of Pl@ntNet apps to the new global backbone (based &tants Of The
World Onling as described in sectioA.1.2.

2. enable the management and processing of vegetation plots (as described in secdah?.

3. enable the import of observations by batch within the database
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The fourth part, i.e., the GeoPl@ntNet baeknd, did not exist before GUARDEN and will have to
be developed from scratch.

The last parts, i.e.storage and databases, will have to evolve to meet requirements induced by
API and data access layer evolutions, notably by integrating new POWO checklists and allowing
the management of highresolution vegetation plots images.
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4.2.2.3 MINKA backend:

- ET E A 6-€nd iAchudek different software components supporting fronend and backend
services, including an index and search engine,-m@mory keyvalue stores, and caching
mechanisms. The Cl monitoring, alert, and logging systems are based upon ndiffgrent sources

of information: system and applications logs, systems and application metrics, and systems
monitoring interfaces. Alerting is based on configurable thresholds and employs external health
AEAAEO8 -ETEABO0 Al 1 £FECOOADEN dpensbuiceé Argelphisllévé® E O
architecture, including automation processes, code review, change control, and a continuous

integration system.
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4.2.2.4 Augmented reality app baclend:

The CirculARCMS Backend is developed using the Python web framework Django. It provides a
RESTful Web API to facilitate the exchange of information between different applications (Mobile
AR app, Web CMS). For data storage it uses PostgreSQL with PostGIS extensioakot® for
robust storing and querying geographical data.

The backend application and the database are containerized (Docker) and subsequently deployed
in a Kubernetes cluster along with other essential system components (services, proxies, load
balancers).

The architecture of the Kubernetes cluster is as follows:

1 Namespace A dedicated namespace for all resources (pods, services, etc.)
1 Database PodA pod which contains the database container
1 Database Service This service exposes the database pod's ports within the cluster,
facilitating intra-cluster communication with the database.
1 Backend Pod2+ Replicas for scalability):
o Backend: The container of the Django RESTful API
0 Nginx Reverse Proxy: To compensate for Django's inability to serve static files, such
as media files, a Nginx proxy is employed to serve these files and forward all other
requests to the backend.
9 Backend Service This service exposes the backend pod's ports within the cluster,
facilitating intra-cluster communication with the backend.
T Ingressy 21 OOAO OANOAOGOO O AT OOAODPITAET ¢ OAOOGEA
In addition, it supplies SSL termination and SSL certificate generation for the defined

(sub)domains.

1 Load Balanceg " ET AO 11 OEA 6-60 AgOAOT Al Yo ATA
Controller.

f GitlabRunnerPod, - 11T EOI OO0 OEA " AAEAT A0 ' EOI AA 2ADPI C

executes CI/CD (Continuous Integration, Continuous Deployment) pipelines which
automatically test the revised code, facilitate its release, and deploy it to the cluster.

4EA 1T OAOOGEAx 1T £ #EOAOI ! 2 8dkyurA1delBvE OAAODOOA EO DPOAO/
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4.2.3 Data storage
This section describes the main data storage components of GUARDEN system.

1 Pl@ntNet map server: PI@ntNet geodata are stored in a Postgresql database, currently
hosted inside CIRAD Virtual Private Network, which can store and process vector and raster
data. We store in PostgreSQL database spatial data such as raster coverages or area
boundaries and ag other information that we may need for spatial data processing.

Given the fact that the amount of data is huge (several TB), we use a NFS mounting point
on a Storage Virtual Machine (SVM) provided by Meso@LR. Raster data is stored on this
mounting point and accessed by QGIS Server via Virtual Raster Tile (vrt) filesster
mosaicing technology. QGIS web map services are then cached on the fly with MapProxy
Cache Server and we use the same SVM to store cached raster tiles.
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1 Pl@ntNet data storage:PI@ntNet data storage is based on ArangoDB, a NoSQL document
oriented database. The database structure will be modified according to the functional
requirements mentioned in 4.1.5, specifically by adding the concept of vegetation plots and
highresolutionimages. This database is hosted in France on physical machines within Cirad
IT infrastructure. It is replicated in real time and backed up daily on a different site in order
to ensure maximal data safety.

Additionally, images submitted to Pl@ntNet for identification are stored on a Storage Virtual
Machine (SVM) provided by Meso@LR, a mutualised resource centre for high performance
computing operated in France by CINES and University of Montpellier. Accesthe image files is
strictly restricted to Pl@ntNet infrastructure.

1 MINKA data storage:Minka incorporates an information lifecycle management system
that employs the appropriate data management approaches for the different features of
the cyberinfrastructure. It includes relational databases, NoSQL databases, object storage,

file storage, AT A Al T AE OOI OACAS -ETEA8O 1T AOAOOGAOEI

metadata are stored using different components. The backup, archival, and maintenance

I £ bl AO&I Of AAOGA AT A 1T ACGAAAOA Emgemédn@d BikgA A |
cold storage.

f Augmented reality app database:4 EA ADPDPS&O OAI AGET T Al AAOA

PostgreSQL database which also features PostGIS extensionslkow for storing and
querying of geographical data. The database is containerized through Docker and

deployed within a Kubernetes cluster in @O OAT - AAEET AO ET ) ##380

AAAEOET T h OxI OAOOEOOAT O 61101 A0 AOA Ai DI T UAZ

one for serving and backing up static files, such as media files, which comprise the
AOCI AT OAA 2AAT EOU APPSO I AAEA AT 1T OAT O8

4.3 External components of GUARDEN system
This section describes the components developed outside GUARDEN but that will play an
important role in the system.

4.3.1 In situ observations data portals
GBIF:GBIF the Global Biodiversity Information Facility, is an international network and research

infrastructure that aims to provide free and open access to biodiversity data from around the
world. GBIF was established in 2001 and is governed by an intergovernniegeeement. To date,
GBIF includes more than 60,000 datasets on its portal published rbgre than 1,70Q@ata
publishing institutions including several GUARDEN partners: Pl@ntNet (CIRAD and Inria),
Naturalis, ICCS, Meise. Ti&BIF AP(Application Programming Interface) includes a set of tools
and protocols that allow developers to access and interact with the data available through the
Global Biodiversity Information Facility (GBIF). It provides programmatic access to the vast amount
of biodiversity data stored in the GBIF database.

GUARDEN system will centrally rely on GBIF for the sharing of biodiversity occurrences across the
different components of the system and with external partners/systems. The GBIF API allows users
to query the database, retrieve specific data sets, and perfo various operations on the data. It
supports a wide range of functionalities, including searching for species occurrences, retrieving
taxonomic information, obtaining species distribution data, and accessing information about data
publishers and datasets
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Queries are expressed as HTTP requests to the GBIF API endpoints, specifying parameters such as
taxonomic names, geographic regions, time ranges, and data formats to retrieve the desired
information. The API responses are typically returned in JSON (JavipB©bject Notation) format,

which is a commonly used data interchange format.

A comprehensivedocumentation for the API is provided, including detailed information about the
available endpoints, query parameters, response formats, and authentication methods.
Developers can refer to the documentation to understand the capabilities of the API and learn how
to effectively utilise it in their projects

Among the many advantages of the GBIF platformassystem for tracking scientific publications
based onDOIl This makes it possible to find out about all the scientific publications that have used
data from a particular provider.

EVA: The European Vegetation Archivés a database and information system that serves as a
central repository for vegetation data in Europe. It is designed to collect, manage, and distribute
vegetationrelated data, including plot data, species lists, habitat types and environmental
parameters.

The EVA aims to support research and conservation efforts by providing access to a wide range of
vegetation data from various sources across Europe. It serves as a platform for storing and sharing
information on plant communities, their composition, struaire, and distribution. The database
includes data from phytosociological relevés, which are standardised field observations of plant
species and their abundances within specific plots. These relevés are conducted according to
established vegetation surveynethodologies, such as the BrauBlanquet approach. Furthermore,

the EVA contributes to international initiatives such as the Global Index of VegetatiIot
Databases (GIVD) and promotes collaboration and data exchange between European countries to
advance our understanding of vegetation and its role in ecological processes.

Within GUARDEN, EVA will be used as a complementary data source to GBIF for training species
and habitat distribution models, as well as vegetation plot images processing models.

Xenocanto: Xenocanto is a collaborative online database and communitiriven project
dedicated to sharing and archiving bird sounds from around the world. It serves as a valuable
resource for ornithologists, birders, researchers, and anyone interested in bird vocalizatioreno<
canto encourages bird enthusiasts and experts to record and upload their audio recordings of bird
sounds. These recordings can be georeferenced, allowing them to be associated with specific
locations. Each recording is accompanied by additional metadaincluding date, time, habitat, and
specific bird species identification.

Within GUARDEN, Xertanto will be used as the main source of audio contents for the training of
the Audio ID models.

4.3.1.1 Maps / rasterd remote sensing data portals

GLOBI:The Global Biotic Interactions networkGloB) providesopen accesgo finding species
interaction data (e.g., predatorprey, pollinator-plant, pathogenhost, parasitehost) by combining
existingopen datasetsusingopen sourcesoftware. Within GUARDENGLOBI will be used in
combination with predictions of the Deep Species Distribution Models (DSDM) to generate
visualisations. With the GLOBI network we will also produce, on a per case study level, species
embeddings for use in combination with the DSDM improve predictions.
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EcodatacubeEcodatacubeis aSpatioTemporal Asset Catalog for Europeanide layers provided
by Open Environmental Data Cube Europeofinanced under Grant Agreement Connecting
Europe Facility (CEF) Telecomoject 2018EUHA-0095by the European Union. Some of those
Europeanwide layers will be used in GUARDEN as input of th@diversity indicators and
ecosystem mappingmodels (e.g. sentinel2 images and landsat time series).

EBV data portal: TheEBV Data Portas aneShapeinitiative sharing a variety of raster datasets
related to Essential Biodiversity Variables. It will be used within GUARDEN to download some
layers provided as input of thébiodiversity indicators and ecosystem mappinmodels. It might
also be used to upload some of the new data products computed within GUARDEN system to share
them with the community.

MS planetary: TheMicrosoft Planetary Computercombines a multipetabyte catalogue of global
environmental data with intuitive APIs, a flexible scientific environment that allows users to
answer global questions about that data, and applications that put those answers in the hands of
conservation stakeholders. It will be used within GUARDEN to download sonteyers provided as
input of the biodiversity indicators and ecosystem mappingiodels.

Chelsa Climate CHELSA #1 Ei AOT 1 T CEAO AO EECE OAOI 1 OO0EIT I
very high resolution (30 arc sec, ~1km) global downscaled climate data set currently hosted by the
Swiss Federal Institute for Forest, Snow and Landscape Research WSL. It is byiltavide free
access to high resolution climate data for research and application, and is constantly updated and
refined. It will be used within GUARDEN to download somayers provided as input of the
biodiversity indicators and ecosystem mappingiodels.

MODIS MODISprovides valuable land use data by capturing and analysing spectral information to
monitor changes in vegetation, land cover types, and land surface temperature on a global scale.
It will be used within GUARDEN to download some layers provided as inputhaf biodiversity
indicators and ecosystem mapping models.

Discourse:Discourseis an opensource discussion platform that facilitates online conversations
and community engagement. It provides a space for users to share ideas, ask questions, and
engage in meaningful discussions on various topid3iscourse is the most used platform for the
creation of fora in Citizen Science. Within GUARDEN system, it will be used to run the Al
deliberation tools aimed at analysing the discussions in those fora and improve the deliberation.

Decidim: Decidimis an opensource digital platform designed for participatory democracy and
citizen engagement. It enables governments, organisations, and communities to create spaces for
collaborative decisioamaking, allowing citizens to propose, discuss, and vote ogsuies.Within
GUARDEN system, it will be used as a complementary platform to run thdeliberation tools.

JRC LucasFollowing a decision of the European Parliament, the European Statistical Office
(EUROSTAT) in close cooperation with the Directorate General responsible for Agriculture and the
technical support of the JRC, is organising regular, harmonised surveys acedisslember States

to gather information on land cover and land use. This survey is knowrLasCASLand Use/Cover
Area frame statistical SurveyWithin GUARDEN, it will be used as an input data source for some
of the models (landscape dynamics models and ecosystem services).

JRC BISHRC BISKtands for the Joint Research Centre's (JRC) Biodiversity Information System
for Europe. It is an online platform and knowledge hub that aims to support the conservation and
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sustainable use of biodiversity in Europe. JRC BISE provides access to various biodivelsityd
data, information, and tools, facilitating the sharing of knowledge and promoting evidentased
decisiorhmaking for biodiversity policies and practiceslt will be used within GUARDEN to
download dataprovided as input of thebiodiversity indicators and ecosystem mappingnodels. It
might also be used to upload some of the new data products computed within GUARDEN system
to share them with the community.
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5 System level requirements
5.1 Unified Performance Benchmarks

We will establish unified performance benchmarks ensuring that all components integrated in the
O0'512%%. #11 OA@OOAI EOAAT A $AOEAT AOAd 1 AAO OEA
monitoring key performance benchmarks is essential to ensuring the GUARDE&Ehboard

delivers an optimal user experience. These benchmarks assess how well the femnt application

performs, especially since it is the primary interface for users interacting with data visualisations.

Below are some of the most important benchmark® measure and the recommended tools for
evaluating them.

1. Page Load Time

Page Load Timeneasures the duration for a wekpage to fully load, including all visual elements,
scripts, styles, and data fetched from APIs. Quick page load times are crucial for user retention. A
dashboard that loads slowly can frustrate users, particularly when titgedata access is required.

Key Metrics:

1 First Contentful Paint (FCP)FCP measures the time it takes for the browser to render the
first piece of content from the DOM, such as text or an image. A low FCP value indicates
that the page becomes visible quickly, essential for a good user experience.

1 Largest Contentful Paint (LCP)LCP measures the time for the largest content element
(like a hero image or large block of text) to become visible within the viewport.

1 Speed IndexThe Speed Index shows how quickly a page's contents are visibly populated.
It reflects the page's perceived loading speed.

Tool:

9 Lighthouse: An opensource tool integrated into Chrome DevTools that audits page load
times, among other performance aspects. It provides detailed insights and
recommendations for improving loading speed.

2. JavaScript Execution Time

JavaScript Execution Timéracks the time the browser spends executing JavaScript code. This is
particularly important in a dashboard environment where complex data visualisations may require
extensive scripting. High JavaScript execution times can delay rendering visualisations and
processing user interactions, leading to a sluggish user experience.

Key Metric:

i Total Blocking Time (TBT)TBT measures the time a page is blocked from responding to
user input, such as clicks or keyboard interactions. High TBT can result in a sluggish user
experience, so keeping it as low as possible is essential.

Tools:

1 Chrome DevToolsThis tool provides detailed profiling of JavaScript execution, helping to
identify and optimise scripts that cause delays.
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9 Lighthouse: As part of its performance audit, Lighthouse offers insights into how
JavaScript execution impacts page load and interactivity.

3. User Experience Metrics (UX)

User Experience Metricsneasure a wekpage's perceived performance from a user's perspective.
These metrics reflect the realvorld experience of users interacting with the dashboard. Good UX
metrics indicate that the application is not only fast but also stable and responsivénieh is critical
for maintaining a positive user experience.

Key Metrics:

9 Largest Contentful Paint (LCPMeasures the loading performance of the most significant
content element visible in the viewport.

1 Cumulative Layout Shift (CLS)Measures visual stability by tracking unexpected layout
shifts during page loading.

9 First Input Delay (FID)Measures the time from when a user first interacts with the page
(e.g., clicking a button) to when the browser can respond.

Tools:

9 Lighthouse: Provides a comprehensive evaluation of UX metrics like CLS, along with
actionable suggestions for improvement.

1 Chrome DevTools:Allows realime monitoring and troubleshooting of UX metrics,
enabling developers to make immediate adjustments.

4. APl Response Time

API Response Timeneasures how long it takes for the server to respond to API requests. This
directly affects the time required for the dashboard to render datdriven visualisations. Slow API
responses can delay visualisations and degrade the user experience, particulariyatacentric
applications like dashboards.

Tools:

1 Postman:A popular tool for testing API performance. It can measure response times and
provide insights into API behaviour.

1 Apache JMeterA robust tool that simulates API load testing and measures response times
under various conditions.

To ensure that the GUARDEN Dashboard provides a fast, responsive, andftisadly experience,

it's crucial to focus on key performance benchmarks such as Page Load Time, JavaScript Execution
Time, User Experience Metrics, and APl Response Time. Regudeitoring of these metrics using
tools like Lighthouse, Postman, Apache JMeter, and Chrome DevTools will help identify
performance bottlenecks and guide ongoing optimization efforts. Maintaining higherformance
standards is essential not only for user dafaction but also for the dashboard's overall
effectiveness as a data visualisation tool.
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5.2 Unified Security Framework
To ensure consistent security measures across the integrated components, a unified security
framework will be adopted:

)l

Security Policies The GUARDEN DSAs will implement robust security policies that govern
user access, data handling, and operational procedures. These policies will ensure that all
actions within the system are secure, user roles are clearly defined, and access to sensitive
information is strictly controlled.

Use of Security StandardsThe implementation will leverage industrgtandard security
protocols such as JWT (JSON Web Token) for authentication and authorization, BCRYPT
for password encryption, and AES (Advanced Encryption Standard) for data encryption.
These standards will ense that data transmission and storage are secure, and user
authentication processes are reliable.

Shared Security Libraries and ToolsThe security mechanisms in the GUARDEN DSAs will
utilize the com.authO.jwt Java package for JWT creation and verification, and the
BCryptPasswordEncoder class from the org.springframework.security.crypto.bcrypt
package for password encryption. This unéfil approach will ensure that security
mechanisms are consistently applied and managed.

Token Structure: JWT tokens will consist of three parts: a header, a payload, and a
signature. The header will typically contain the type of token and the signing algorithm.
The payload will include the claims, which are statements about an entity (typically, the
user) ard additional data. The signature will be used to verify that the sender of the JWT is
who it says it is and to ensure that the message wasn't changed along the way.

Security Algorithm: The HMACSHA512 algorithm will be used for signing JWT tokens,
ensuring that they are secure and tampearoof.

5.3 Unified Usability Guidelines

Several components of the GUARDEN system being already operational as standalone applications
(e.g. PI@ntNet or MINKA), it is not possible to ensure a unified usability framework for the whole
system. However, we will propose an existing guideline (probighMaterial Ul) as a way to favor

the convergence of the different frontends towards a unified user experience.

To ensure a consistent user experience, we follow unified usability guidelines:

1

E R N

UserCentred Design Principles The design of the GUARDEN DSAs is driven by -user
centred design principles. These principles emphasize the importance of creating
interfaces that are intuitive, accessible, and tailored to the needs of users. Key principles
include:

Aesthetically Pleasing Enhancing visual appeal with meaningful contrast, clear groupings,
alignment, and effective use of colours and graphics.

Simplicity: Keeping interactions simple and minimizing user effort.

Clarity: Ensuring visual, conceptual, and linguistic clarity.

Consistency Maintaining a consistent look and behaviour throughout the interface.
Control: Allowing users to maintain control during interactions.

Efficiency: Optimizing the interface to minimize users' eye and hand movements.
Recovery. Enabling users to quickly return to a specific point in case of difficulties.
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1 Usability Testing Usability testing will be conducted following the Plabo-CheckAct
(PDCA) cycle based on established test scenarios, described in more detailed in Deliverable
5.1. This agile approach involves:

1 Plan Setting objectives and planning the usability tests, including identifying key tasks and
user scenarios to evaluate.

1 Do: Conducting the tests with real users, observing their interactions with the system, and
collecting qualitative and quantitative data.

1 Check Analysing the feedback and data gathered from the tests to identify usability issues
and areas for improvement.

1 Act: Implementing changes based on the feedback and testing the improved system to
ensure that enhancements meet user needs and expectations. This iterative process will
help in continuously refining the user experience and addressing any issues promptly.

5.4 Centralized Authentication Mechanism

The GUARDEN DSAs will utilize a centralized authentication system based on JSON Web Token
(JWT) technology. Users will be required to register and select a specific case study to access the
related dashboard. This registered account will grant access tathnified dashboard, including to

the services provided by the other platforms such as MINKA and Pl@ntNet. Accounts created in
those other platforms, however, will be managed separately. The JWdsed authentication will
ensure secure access control withithe GUARDEN system by providing a compact and self
contained token that carries user claims and metadata.

5.5 Unified data exchange technologies and formats

Interoperability between the different components (between the unified contextualizable
dashboard and the individual components) will be ensured using standardized technologies and
data exchange formats:

1 Georeferenced Map Images Georeferenced map images will be served through WMS
(Web Map Service), the standard protocol developed by the Open Geospatial Consortium
(OGC) for serving such data over the Internet. This will facilitate their integration into
standard web mapping libraies and frameworks such as OpenLayers, Leaflet, and Vue.js
and their interoperability with GIS software (e.g., QGIS, GeoServer, MapProxy).

9 Other Data Other data will be served through RESTful APIs and JSON format, enabling
easy, scalable, and interoperable communication between web services and clients
through a simple, lightweight format. This ensures that data can be easily exchanged and
integrated across different components of the GUARDEN DSAs.

5.6 Unified data export capabilities
The GUARDEN Contextualizable Dashboard will enable eedrs to export data using
standardized formats including:

1 Darwin Core/Humboldt Core For biodiversity records and associated metadata, ensuring
compatibility with global biodiversity information standards.

1 GeoTIFEFor rasterized GeoSpatial data (e.g., species distribution maps), supporting high
resolution spatial data sharing and analysis.

1 GeoJSONFor vectorized GeoSpatial data (e.g., polygon extent of a particular variable),
providing a versatile format for representing complex geographical features.
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6 Components functional interactions

We provide hereafter graphical views of the main workflows foreseen based on GUARDEN system
components interactions. Those workflows are based on the outcomes of task 2.2 (case studies
co-design) and of WP5 (case studies implementation including trials).

6.1 In situ observations collection workflow

GUARDEN system enables the collection iof situ observations of species through two main
applications: Pl@ntNet for plant specimens (available on 1o8ndroid and web) and MINKA (also
avalaible in oS, Android and web) for specimens of any kingdom. Observations are managed
within the respective backends and further enriched/revised by the community of contributors.
The most trusted observations in tans of data quality are then published in GBIF. They will thus
complement the observations contributed continuously to GBIF by other initiatives, institutes,
platforms, etc.
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i In situ observations collection workflow

FHGUREL2- IN SITU OBSERVATION COLLECTION WORKFLOW

6.2 Automated species identification workflow

GUARDEN system enables the automated identification of plants and birds through Pl@ntNet
PhotolD API (for images of individual plants and vegetation plots) and through Naturalis AudiolD
API (for audio recordings of individual specimens and soundscape retings). The deep learning
model running in PI@ntNet PhotolD API is trained regularly based on in situ observations (images
of individual plants and vegetation plots) coming from PI@ntNet database and from GBIF. The
deep learning model running in NaturaligzudiolD API is trained regularly based on in situ
observation (audio recording of birds) coming from XenGanto. PI@ntNet PhotolD API is called
by: (i) PI@ntNet and MINKA applications to facilitate the production of new-gitu observations,

(i) the augmdAT OAA OAAIT EOU AbDDPI EAAOETT O EIDOT OA OOAC
connecting through my.plantnet.org. Naturalis AudiolD API is called by (i) MINKA application to
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facilitate the production of new insitu observation, (ii) other external apps connecting through
the API endpoint.
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Automated species identification workflow

FIGUREL3- AUTOMATED SPECIES IDENTIFICATION WORKFLOW
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6.3 Biodiversity modelling workflow
Species and habitat distribution models are trained using the Deep SDM and HDM frameworks

from various input data: (i) species occurrences in GBIF, (ii) othesitu observations data (in
particular EVA presencabsence data), (iii) remote sensing imagesnd environmental rasters
coming from various external sources: Ecodatacube, MS planetary, EBV data po@alELSA

climate, MODIS, SoilGrid and open data from the scientific literature.

The species interaction models are trained from species interactions data stored in a Neo4j
database and from irsitu observations data in GBIF and EVA. The Neo4j database is fed by the data
hosted in GLOBI and other sources to be defined later.

The predictions of the deep species distribution models can be improved by the use of the species
interaction models. The species interaction graphs can be potentially enriched using the deep
species distribution models.
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i| «Pl@ntNet || s Naturalis GeoPl%ntNm n.Biodiversity 1. Euture scenarios s.Landscape s. Al-deliberation
PhotolD API | | AudiolD API API 11| indicators of biodiversity & ES dynamics ! analysis
SpemesID ! Biodiversity and habitats Ecu Services Land dyn. | | Back-ends / DAL '
! models learning i | distribution modeling i | modelling i “modelling | | i
! P P i R 2IEIE R
Species Biodiv indicators ES - S8 @)= @
Plants Birds | || Djstrib. models | , models management | i | SE|IZ|Z|Z
PhotolD AudioID |1+ — 1 strategies s =2z e
models models 4.Deep SDM-HDM Species P - e B :
framework || interactions | | i | ES mocllellmg °
i tools

+ Maps / rasters / RS storage

Pl@ntNet DRAXIS
map server Geo server

i In situ ob:
'| GBIF

E (+other)

Ecodatacube, EVA database,
Chelsa climate, EBV data portal,..

Biodiversity madelling workflow

FIGUREL4- BIODIVERSITY MODELLING WORKFLOW
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6.4 Biodiversity indicators mapping workflow
The production of the highresolution maps of biodiversity indicators requires to implement a

workflow which runs the species distribution and biodiversity indicators models in inference mode
onto spatial grids of varying geographical extent and spatialgelution (e.g., at Elbscale for some
indicators foreseen in GeoPl@ntNet or at locskale for some very highesolution indicators
foreseen in the contextualized dashboards of each case study). The resulting maps as well as some
intermediate results such a the species assemblages predicted at each site of the spatial grid will

be stored in PI@ntNet map server.
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Biodiversity indicators mapping workflow

FHGUREL5- BIODIVERSITY INDICATORS MAPPING WORKFLOW
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6.5 Ecosystem services modelling and mapping workflow
The ecosystem services models will be trained from various input data depending on the case study

(human activity rasters, landuse rasters, habitat maps, etc.) and from the output of species
distribution and biodiversity indicator models dedicated to eactase study area. The ecosystem
services models will feed the decisiesupport application tool.

Those models will allow to build maps as well as other data such as time series tha will be stored
into the backend of the contextualised dashboard and/or PI@ntNet map server depending on the
type of the data products.
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Ecosystem services modelling and mapping workflow

FHGUREL6- ECOSYSTEM SERVICES MODELLING WORKFLOW
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6.6 Landscape dynamics models
The landscape dynamics models will be trained from various satellite imagery datasets and-land

use data samples of different time steps. Theaodels will produce the land use / land cover maps
over different time periods and the results will be of high accacy in terms of spatial resolution
and data quality. The model results in the form of thematic maps and graphs showing the
landscape transformation. They will be stored in DRAXIS Geoserver and will feed the decision

support application tool for their viswlization.

Decision Support Applications Dala collection Apps Engagement App Third-Party
i| 12 Contextualisable 7.CS data i il 10.Augmented : ! | Decidim& |:
i ot 1z Pl@ntNet I o.augmented .
dashboard B L visualisation | ; | i s MiNisA i Realily app i1 | Discourse
! Open APIs Mappmg tools (orchestration) i | Analytics
: 3, Pl@ntNet s, Naturalis GeoPIM ntNet 11| 1. Biodiversity 1. Euture scenarios o Landscape || | e Al-deliberation
i| PhotolD API || AudiolD API 4@*@ of biodiversity & ES dynamics |} ; analysis
Speclele ! Biodiversity and habitats Eco Services ! | Back-ends,fDAL
! models learning i 1 distribution modeling i modelllng ‘ ;
| i P g2 3|
. Species Biodiv indicators ES 2alla &
Plants Birds ! || Distrib. models models management g § & Z|!
PhotolD AudioID | i | strategies i =22 2
models models | : | +Deep SDM-HDM Species | | : —7 1| models L '
o framework interactions | | | | ES modelling |\ | ©
| tools o
i In situ obs. data storage lnterac data| i1 Maps / rasters / RS storage f Other xiata storage
GBIF Neodj : : Pl@ntNet DRAXIS D Ecodatacube, EVA database,
(+other) ‘ Pl@ntNet ‘ ‘ IR ‘ GLOBI map server Geo server Chelsa climate, EBV data portal,..

Landscape dynamics modelling and mapping workflow

FIGUREL7- LANDSCAPE DYNAMICS MODELLING AND MAPPING WORKFLOW
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6.7 Contextualizable dashboard worflow
The contextualized dashboard (central decision support application of GUARDEN) integrates all

the necessary GUARDEN system componentswill display data managed in the contextualizable
dashboard backend (e.g. the output of the ecosystem services models) as well as data provided

by other components (through web services).

| | Data collection Apps

i| 12 Contextualisable 7.CS data o il 0. Augmented Decidim &
' . @ ! " 1 2. Pl@ntNet || & i " .
dashboard B L visualisation 1 a s MINKA 1 Reality app Discourse
______ - T - L g <
Opern Mapping tools (orchestration) i | Analytics
3 Pl@ntN i1| 11. Biodiversity 1. Euture scenarios s.Landscape |! | | s Al-deliberation
Pho ./ | indicators of biodiversity & ES dynamics | ! analysis

. modelling ! modelling ;| i
L . g R|(E i
\Ke\' Biodiv indicators | 1™ i lea s S|
Plants s Distrib, models models i1 | maRagem: | Lang, 111888 =\
PhotolD | | Audlo ID strategies, | T | 28|81 |8
m Species .y o [ 1
Mlions ES modeuing\"\f modele~. (| B
tools i

| | Other data stora |

GBIF . Pl@ntNet ‘ Ecodatacube, EVA database,

1| t+other) ‘ Pl@ntNet ‘ ‘ IR ‘: : map server Geo server Chelsa climate, EBV data portal....

Contextualisable dashboard workflow

FGUREL8- CONTEXTUALISABLE DASHBOARD WORKFLOW
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6.8 GeoPl@ntNet workflow

The GeoPl@ntNet API will process data queried from (i) Pl@ntNet map server (predicted species
in the area , value of biodiversity indicator in the area, etc.), (ii) Pl@ntNet baaid (e.g. species
level information such as conservation status, traits, ejcand from GBIF (species occurrences). It
will return the results in json format. The GeoPl@ntNet frorgnd will query the GeoPl@ntNet API
and display data coming from Pl@ntNet bae&nd (e.g., species images) and Pl@ntNet map server
(e.g. biodiversity indcator or species maps).

| Decision Support Applications | Data collection Apps | | Engagement App | | Third-Party |

| 12 Contextualisable 7.CS data 10. Augmented i | Decidim &

| \ @ ! e 1 2 Pl@ntNet 3 e - 1 N

dashboard B visualisation ! i o MINKA I Reality app i1 | Discourse

: Open APls ,‘ i | Analytics

i| sPl@ntNet ||s. Naturalig’ Geop|14 nthet | n. Biodiversty~| | 1. Future scenarios o.Landscape | | | s Al-deliberation

PhotolD API| AudiolDAPl API ‘h"ind.i.ﬁators [Tofbiodiversity & ES dynamics | ! analysis
Land. dyn. | | Back-ends / DAL

! Species ID ./ Biodiversity and habitats

! modellin L lling

! models learnin . i
| {19 3l
Species Biodiv indicators | ! | ES P &_‘? @ | & @ i
Plants Distrib. models' models i || management | L s & =
| ) | and. | = = M
PhotolD strategies dyn. a 2| 2
models 4.Deep SDM-HD Species o ; . models | : :
framework interactions | | : | ES modelling | i
tools :

In sitif ob datastorage ! iInterac. data ! | Maps\stersl RS storage Other data storage :
GBIF Pl@ntNet | | MINKA o M 1| Pi@ntNet DRAXIS | 3 Ecodatacube, EVA database, :

! | trothen) LRI ‘i GLoBl | | map server Geo server || | Ghelsa climate, EBV data portal,...

GeoPl@ntNet workflow

FIGUREL9- GEOPL@NTNET WORKFLOW
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6.9 Citizen science data visualisation workflow

The CS data visualization tool will display dashboards fed by citizen science data stored in MINKA,
Pl@ntNet and GBIF.

Decision Support Applications Data collection Apps Engagement App Third-Party
i| 12 Contextualisable 7.CS data D | | 10. Augmented ' | Decidim &
| 2Pl N I .
dashboard B L visualisation | 1 a nibiel || & MINKA ! Reality app i1 | Discourse
! Open APIs estration) i | Analytics
s Pl@ntNet || s Naturalis GeoPIM iNet | || | 1 Biodiversity NNEulurzscenarios s.Landscape | | | s Al-deliberation
i| PhotolD API || AudiolD API APl 1| indicators of bioBtversitV8-ES dynamics | ! analysis
SpeclesID __________________ | Biodiversity and habitats Eco. Services ™ ! | Back-ends / DAL
! models learnin /" distribution modelin i modellin ' i ;
. 9 o ¢ P 9 LR 3|
- AT . ~do 2T =
s Species Biodiv indicators | ! | ES | i ?Rrii O
Plants Bi i ! | Distrib. models models i1 | management | g LS ST Z|!
PhotolD | | AydioID |: | ||| stategies |i| " | |®3 &
models odels |:i| +Deep SDM-HDM Species o ; Tkl !
. framework interactions | | | | ES modelling
' tools
UIn situ’obs. data storage | |Interac. data| | Maps /rasters / RS storage | Other data storage |
GBIF Pl@ntNet | | MINKA i M :: Pl@ntNet DRAXIS | ; Ecodatacube, EVA database,
! | trothen) IR ‘i GLoBl | | map server Geo server || | Ghelsa climate, EBV data portal,...

CS data visualisation workflow

FIGURE20- QTIZENSCIENCE DATA VISUALISATION WORKFLOW
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6.10 Augmented reality app workflow
The augmented reality app will display data stored in the Augmented Reality app baoll (geo

localised objects) and will interact with the GeoPl@ntNet API (to get species andicators values
of at a given position). It will interact with PI@ntNet PhotolD APo enable the automated

identification of species present around the user.

| Decision Support Applications | Data collection Apps | | Engagement App | | Third-Party |
i| 12 Contextualisable 7.CS data L | i 10. Augmented i | Decidim &
' e 11 2. Pl@ntNet || b i L
dashboard B L visualisation | ; | i s MiNisA 1| Reality app i1 | Discourse
! Open APIs L i S (orchestration) \ i | Analytics i
|| sPl@ntNet || s Naturalis GeoPIN@ntNel 1| n. Biodiversity 1. Euture scenarios s.Landscape\|! | | & Al-deliberation ||
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tools |
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GBIF Pl@ntNet | | MINKA i m :: Pl@ntNet DRAXIS | ; Ecodatacube, EVA database,
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Augmented reality app workflow

FIGURE21- AUGMENTED REALITY APP WORKFLOW
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6.11 Al-deliberation analysis workflow

ZGUARDEN

The Aldeliberation analysis component will analyze data coming from thighrty applications such

as discourse.
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Al-deliberation analysis workflow

FIGURE22- AI-DELIBERATION ANALYSIS WORKFLOW
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7 Standards and formats
We list hereafter the standards (or common exchange formats) already in use within GUARDEN
system components or recommended for further developments.

Standards used for the APIs:

x REST REST (Representational State Transfer) is an architectural style for designing
networked applications that utilise the HTTP protocol, emphasizing simplicity, scalability,
and a uniform interface for resource manipulation.

x  OpenAPi OpenAPI (formerly known as Swagger) is a specification and set of tools that
enables the design, documentation, and interaction with RESTful APIs in a standardized
and machinereadable format.

Standard used for the sharing of maps and geospatial data:

x  OGC\\WMS WFS: OGC (Open Geospatial Consortium) is an international organization that
develops open standards for geospatial data and services. WMS (Web Map Service) and
WFS (Web Feature Service) are two OGC standards: WMS provides a way to serve and
request map images wver the web, while WFS enables the exchange and querying of
geospatial feature data.

x GeoTiff GeoTIFF is a widely used standard file format that combines geospatial
information and raster imagery, allowing for the storage of geographic coordinates, map
projections, and other spatial metadata within the image file.

x GeoJSONGeoJSON is a file format for encoding geospatial data structures using JSON,
allowing for the representation of points, lines, polygons, and other spatial features in a
lightweight and interoperable manner.

x INSPIRE metadatdNSPIRE metadata is a standardized set of metadata specifications and
guidelines developed by the European Union's INSPIRE Directive, aiming to facilitate the
discovery, evaluation, and access to geospatial data resources across Europe, ensuring
interoperability, harmonisation, and the sharing of environmental and spatial information.

Standard used for in situ observations:

x DarwinCore DarwinCore, short for Darwin Core Standard, is a standardised data schema
or set of terms specifically designed for biodiversity data. It provides a common framework
and vocabulary for describing and sharing information about species occurrences,
taxonomy, geographic location, and associated data such as measurements and
observations. DarwinCore enables interoperability and facilitates the exchange and
integration of biodiversity data across different systems and platforms.

x Audubon Core Audubon Core is a standardised metadata schema that provides a
framework for describing and sharing information about biodiversity multimedia
resources, such as images and sounds, with a focus on fpéldted data and collections.

x  SensorThings SensorThings is an OGC standard that facilitates the exchange and
management of sensor data within the Internet of Things (IoT), enabling seamless
integration and interoperability of sensor observations for diverse applications.

Standards and common resources used for taxonomic data (species names in particular):

x  GBIF backboneThe GBIF backbone, also known as the GBIF Occurrence Backbone, refers
to a key component of the Global Biodiversity Information Facility (GBIF) infrastructure. It
is a curated and standardised dataset that provides a comprehensive compilation of
occurrence records from various sources, including museums, herbaria, research
institutions, and citizen science initiatives. The GBIF backbone serves as a reference dataset

©GUARDEN, 2023 81


https://www.ics.uci.edu/~fielding/pubs/dissertation/top.htm
https://www.openapis.org/
https://www.opengeospatial.org/standards/wms
https://www.opengeospatial.org/standards/wfs
https://www.geo.tuwien.ac.at/geoimage/Geotiff/geo/geotiff.html
https://datatracker.ietf.org/doc/html/rfc7946
https://inspire.ec.europa.eu/metadata-codelist/MetadataPublication.html
https://dwc.tdwg.org/
https://www.tdwg.org/community/ac/
https://www.opengeospatial.org/standards/sensorthings
https://www.gbif.org/fr/dataset/d7dddbf4-2cf0-4f39-9b2a-bb099caae36c#description

D2.6- GUARDEN system architecture design and technical specificatiofimal % G UA R UEN

for biodiversity occurrence data, integrating and harmonising diverse sources to ensure
consistency and interoperability. It forms the foundation for biodiversity research, analysis,
and conservation efforts worldwide.

x  POWQ POWO (Plant of the World Online) is an online database and resource managed by
the Royal Botanic Gardens, Kew. It aims to provide comprehensive andtaxlate
information on plant names, taxonomy, distribution, and other relevant botanical data.
POWO seres as a valuable tool for researchers, botanists, and plant enthusiasts, offering
access to a vast collection of plant species information from around the world, including
accepted names, synonyms, common names, distribution maps, and more.

x |PNE The International Plant Names Index (IPNI) is a comprehensive database that serves
as a global index of published plant scientific names, providing authoritative information
on plant names, synonyms, and associated taxonomic literature.

x TDWG Authors of Plant Names TDWG Authors of Plant Names is a database that
catalogues and provides information about the authors or author teams responsible for
establishing and publishing botanical plant names, aiding in proper citation and recognition
of their contributions.

Additional standards used for biodiversity characterization:

x  WGSRPIOTDWG): the World Geographical Scheme for Recording Plant Distributions
(WGSRPD) is a standardised system developed by the International Working Group on
Taxonomic Databases for Plant Sciences (TDWG) to classify and record plant distribution
data based ongeographical units. This system allows organisations to compare and
exchange plant distribution data while avoiding data loss caused by incompatible
geographical boundaries. The WGSRPD classifies geographical units into four levels:
continental, regional or subcontinental), botanical country, and basic recording units,
considering both botanical and political considerations.

x |UCNstatus: the IUCN (International Union for Conservation of Nature) status standard
refers to the system used by the IUCN to assess and categorise the conservation status of
species worldwide. This standard, known as the IUCN Red List Categories and @riteri
classifies species into different categories, such as "Critically Endangered," "Endangered,"
"Vulnerable," and others, based on factors like population size, range, and threats. The
IUCN status standard is widely recognized and used as a global refeedioc assessing the
conservation status of species and guiding conservation efforts.

Other generic standards used:

1 json (metadata, URLSs, textual data, numbers, etc.)

T csv & xls (for the export of tabular data)

1 FlatBuffer for the sharing of compressed version of big data
1 ipg and exif for images

1 1S0O639-1/2/3 for languages (default language: EN)
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g8 Conclusion

This final version of GUARDEN system design and technical specifications provides a detailed
description of the requirements of the GUARDEN system components to be developed and inter
connected until the end of the project. In addition to the functional gects (updated from the
previous deliverable D2.5), it contains a detailed technical specification of the interfaces enabling
the various components to interact, as well as a set of néanctional requirements relating to
security, privacy and quality ofexvice.
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Annex 1- PlI@ntNet vegetation plot surveys mockup

..!', Pl@l‘ltNE:i Identify Explore~  Tools v Mydata & George Popadakis v EN v
SURVEYS
CBN_Pyr_03 september 30, 2023

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Quisque nec turpis ultricies, aliquam
erat nec, scelerisque dolor. Vivamus tempus, ante id porta vestibulum, neque massa.

- By Pierre Bonnet

Selecting a particular flora improves
Select aflora WULUEMEERG)  the performance of the species identification

_ v Species list & Exporta v
Images Observations
T Add a species & Add

Add images or observations to

automatically fill the species list or
E+ add them manually

Select or drop a photo
of the area you're surveying
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AL Pl@nthNet  identify  Explore~  Tools v Mydata & George Popadakis ~  EN v

SURVEYS

CBN_Pyr_03 september 30, 2023

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Quisque nec turpis ultricies, aliqguam
erat nec, scelerisque dolor. Vivamus tempus, ante id porta vestibulum, neque massa.

- By Pierre Bonnet

Selecting a particular flora improves
Selectaflora WLLEHELEG  the performance of the species identification

) + Species list € & Exportto v
Images Observations
Add a species k-] m
Name Cov. Count Organ
E Festuca airoides Lam. (Festuca supina Schur) L
+ Poa alpina L. -
Select or drop
Saxifraga moschata Wulfen A

a photo

a4 |dentify species
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\‘L Pl@ntNrjﬁl Identify Explorev  Tools v Mydata & George Popadakis v  EN v

SURVEYS

CBN_Pyr_03 september 30, 2023

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Quisque nec turpis ultricies, aliquam
erat nec, scelerisque dolor. Vivamus tempus, ante id porta vestibulum, neque massa.

- By Hugo Gresse

Selecting a particular flora improves
Selectaflora WUEICHEERE the performance of the species identification

. v Species list @ & Exportto v
Images Observations e

Name Cov. Cou
Cardamine resedifalia L Festuca airoides Lam, (Festuca supina Schur) A Y
Brassicaceae

Poa alpina L. o®
Observed by @ Pierre Bonnet

& July 6, 2023 Saxifraga moschata Wulfen LY

9 0.1l [ ]

Cardamine resedifolia L. %

Pilosella breviscapa (DC.) Sojak S
Pilosella b[eviscqpq (DC.) soja'k Lotus alpinus (Ser.) Schieich. ex Ramond A

raceae

Observed by & Pierre Bonnet
July 6, 2023

(VAT 2

Alpine Birdsfoot-trefoil
Lotus alpinus (Ser.) Schleich. ex Ramond

Fabaceae

Observed by & Pierre Bonnet
July 6, 2023
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Survey identification results

2 species identified

Salicornia fruticosa L.

COMMON NAME FAMILY
Salicorne Amaranthaceae

Salicornia disarticulata Moss

COMMON NAME FAMILY
Salicorne Amaranthaceae
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Annex 2- GeoPl@ntNet mockup

AL Pl@nti et Q. E, 8 = Q GeoPi@ntNet Oenglish - @alexisioly ~ W @

GeoPl@ntNet

Discover plant biodiversity close to home and help protect it better

Species  Habitat Conservation Ecosystem  Threat

Right click on the map 1o move the markar (or drag / drop)

Q = = = Q GeoPi@ntNet ®Engiish - @alexisjioly - W @
A PI@NNEt i Dok Commm 2 s @ aiexisoly (1}

GeoPl@ntNet

Discover plant biodiversity close to home and help protect it better

Species  Habitat Conservation Ecosystem  Threat

Right ciick on 1 p tg move the marker (or drag / drop)
(%
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3 Pl@ntN” (% = =3 a Q GeoPi@ntNet (% English ~ .alex&sloly' ¥y 0O 0O
o o =% |dentify Explore Contributions Groups BETA

GeoPl@ntNet
Discover plant biodiversity close to home and help protect it better
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