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1 Executive Summary
The Deliverable 4.2 aims to describe the final version of the GUARDEN ICT tools. More specifically,
D4.2 describes the developments, testing and inclusion of the ICT tools developed in the WP4 under
tasks T4.1-T4.3 for the case studies, specifically the Mapping Tools, the Augmented Reality
Visualisation Tool, and the Public Participation Tools, including the AI-based deliberation analysis tool.
The initial version of this deliverable, submitted in month 12 as D4.1 GUARDEN ICT Tools - Initial,
documented the early progress of these tools.
The main objectives of the aforementioned GUARDEN ICT tools are:

 To develop tools that will allow the engagement and involvement of all actors (academy,industry, civil society, policymakers) to formulate evidence-based and informed policy. To review the previous and ongoing initiatives to monitor and assess biodiversity andecosystem status, identifying the challenges and needs to develop evidence-basedenvironmental policies. To improve services for data acquisition, visualisation, mapping and community deliberationthrough connection with existing platforms to fill the gaps identified in the review and satisfythe stakeholder's needs and requirements. To integrate the different tools and services in a system, providing user-friendly commondecision support applications.
This deliverable describes the characteristics and components of each GUARDEN ICT tool. Each
innovation is described thoroughly by enumerating its characteristics, interfaces, end-users and
stakeholders, integration to GUARDEN Case Studies and consequently to the GUARDEN Integrated
System (T4.4/ D4.4 to be delivered at the end of the project), and other elements that were critical
for the development of components and their implementation and operation.
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2 Introduction
2.1 Purpose of this documentThe deliverable describes the implementation aspects and features of the final version of GUARDEN
ICT tools.
2.2 Intended readershipThe deliverable is a public deliverable primarily intended for Consortium partners and other
stakeholders interested in the field of ICT tools around the nexus of biodiversity and deployment of
energy/transport infrastructure, agriculture, and coastal urban development.
2.3 Mapping GUARDEN outputsThis section presents the GUARDEN Grand Agreement (GA) commitments, as extracted from the
formal deliverable and task description, concerning their outputs and work to be performed. The
purpose is to aid the reviewer in finding the specific sections of the document where the respective
tasks’ requirements are addressed, as well as to guide the author through and serve as a checklist to
address everything that needs to be addressed.

TABLE 1: ADHERENCE TO GUARDEN GA DELIVERABLE & TASKS DESCRIPTIONS.
GUARDENGAComponentTitle

GUARDENGA Component Outline RespectiveDocumentChapter(s) Justification
TASKS

Task 4.1MappingTools

Task 4.1 will work on the technicalimplementation of the onlinemapping tools required to displayand explore the high-resolutiondata products built in T3.4, T3.5and T3.6. A first tool for mappingplant species distributions will bedeveloped within the Pl@ntNetplatform. The objective is todeploy it for about thousandspecies in Europe focusing on (i)species of the EU habitat directive,(ii) invasive species and (iii) speciesof interest in agro-ecology(auxiliaries, soil indicators, etc.).Task 4.1 will rely on open-sourcesoftware, such as QGIS and GRASSGIS, and will deploy them on aserver to be hosted in Pl@ntNetinfrastructure (hosted itself byMeso@LR). Besides, maps ofhabitat types (EUNIS in particular),biodiversity indicators andecosystem services will be

Chapters 3 and 4

This deliverable describesthe developmentspecifications andtechnical architecture forGeoPl@ntNet, a web-based platform designedto meet identifiedstakeholder requirementsfor biodiversity datavisualization and analysis.The documentationprovides an overview ofthe final implementation,including systemcomponents, datamodels, APIs, andintegration points withthe GUARDEN case studyframework. Technicaldetails regardinginterface design, back-end services, data flows,quality assurancemethodologies and
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integrated in the EBV GEO-BONportal. deploymentconfigurations arepresented. Thespecifications andarchitectural detailsoutlined in this documentrepresent the finalproduction version thathas been developed,tested and validated toensure full alignment withstakeholder needs whilemeeting all technicalrequirements andperformance criteria.

Task 4.2AugmentedRealityVisualisationTool

Task 4.2 will develop an advancedmobile application, usingAugmented Reality technology(AR), in order to support thevisualization of the developedsimulation models. Theapplication will overlay digital 3Dmodels, based on the targetedgroups of end users andstakeholders aiming to engagethem towards biodiversityrestoration and betterunderstand the meaning of theproposed models. Differentaspects of these solutions will bepresented to each stakeholdertarget group based on the specificinterests and expertise. The userswill be able to manipulate thevirtual content through theirmobile phones, evaluate theresults and propose relevantmodifications. AR interfaces willbe available in both registeredand unregistered mode, will bedesigned and implemented tooffer advanced capabilities suchas: the status and positioning oflandmarks and Points of Interest,the annotation of the terrain, safeguidance to assigned location andannotated places, registeredannotations. The results ofGUARDEN’s modeling tools willalso be made available through

Chapters 3 and 4

This deliverable presentsthe technicalspecifications and systemarchitecture for theEngagement AugmentedReality (AR) application,designed to fulfill definedend-user requirementsfor interactivevisualization andengagement. Thedocumentation detailsthe final implementationarchitecture, including ARframeworks, renderingengines, contentmanagement systems,and integration protocolswith the GUARDEN casestudy infrastructure.Technical specificationsencompassing mobiledevelopmentframeworks, 3Dvisualization components,location-based services,computer visionimplementations, anddeploymentconfigurations arethoroughly documented.The architectural designand technical parametersoutlined represent thefinal production release
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the application by the creation ofrelevant 3D models and OGCcompliant metadata.
that has been fullydeveloped, tested andvalidated to ensureoptimal performancewhile meeting allspecified end-userrequirements andtechnical criteria.

Task 4.3PublicParticipationTool

Task 4.3 will a) analyze thetechnological alternatives for theco-design of data acquisition anddeliberation platform toimplement a first prototype of anintegrated platform with sharedusers and projects and the basicoperational functionalities of eachof the platforms integrated; b)introduce the support forevidence-based deliberation as afirst advantage from theintegration of data acquisitionservices and deliberative support.This allows the citizens involved inthe platform with the opportunityto easily incorporate data-backedarguments (evidences) into thedeliberation for innovativegovernance, and opens up thepossibility of providingcounterarguments in the sameway, and c) ease thesummarization and developmentof evidence-based deliberation inthe integrated platform by usingArtificial Intelligences (AI)techniques. This task leveragesformer work developed at CSIC touse AI techniques to fosterdeliberation, particularizing themto the very specific case ofevidence-based deliberation.Techniques to be used includecounter argument proposals,which suggest users how they canoppose a specific argument anddata-based reality checks, whichpropose ways of allowing the datato solve a discussion. These data-based reality checks will be helpfulto guide which data to capture or

Chapters 3 and 4

This deliverable describesthe technicalspecifications and systemarchitecture for threeintegrated components:the MINKA datacollection platform, theassociated dashboard,and the forum integratingAI-based deliberationanalysis tools. Thedocumentation detailsthe final implementationarchitecture, includingdata models, APIs,visualization frameworks,machine learningcomponents, andintegration protocols withthe GUARDEN case studyinfrastructure.
The ecosystem of toolsdeveloped within MINKAconnects citizen sciencedata collection withevidence-based decision-making. The platformintegrates observationcollection, visualization,and deliberationcapabilities, enablingusers to participate indiscussions using theirdata as evidence. AI toolssupport users indeveloping argumentsbased on citizen scienceobservations, creating adirect link between datacollection andenvironmental
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which additional data sources toincorporate to the project in thefuture. As a result of the need toincorporate additional datasources, the second aim of thissubtask is to enable the easyincorporation of additional datasources and services.

governance throughstructured, evidence-based dialogue.

DELIVERABLE
D4.2: Final version of the GUARDEN ICT tools

2.4 Document’s StructureThe document is organised in two chapters. Chapter 1 provides an overview of the scope and
objectives of GUARDEN ICT tools. It also describes the need to improve decision-making capacity and
safeguard biodiversity and its contributions to people by bringing them to the forefront of policy and
decision-making. Chapter 2 documents the final development of the Data collection apps, Mapping
tools, Augmented Reality Visualization tool, and AI-based deliberation analysis tool, respectively,
followed by the conclusions.
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3 GUARDEN Mission and ICT Tools Overview
GUARDEN’s main mission is to safeguard biodiversity and its contributions to people by bringing them
at the forefront of policy and decision-making. This will be achieved through the help of GUARDEN
ICT tools. This approach will be applied to sectoral case studies involving end users and stakeholders,
and addressing critical cross-sectoral challenges (at the nexus of biodiversity and deployment of
energy/transport infrastructure, agriculture, and coastal urban development).
A set of ICT tools, that will be comprehensively described in the next chapter, was developed to
facilitate decision-making by end users. The Decision Support Applications (DSAs) are based on a
modular architecture (see Deliverable 2.5), integrating individual components of the GUARDEN suite
of tools for monitoring the status of biodiversity and ecosystem services. This enables full
customisation of each DSA to the needs of the specific end users instead of using a generic tool. The
Integrated System/DSAs will be thoroughly described in Deliverable 4.4. In this deliverable, the ICT
tools that are going to be described are the data collection applications,mapping tools, engagement
application and the AI-based deliberation analysis tool.

FIGURE 1- GUARDEN ICT TOOLS.
In this respect, Mapping tools were developed to produce maps of Essential Biodiversity Variables
(EBVs) and ecosystem properties at very high resolution (10 to 100m) and the European scale (species
distributions, habitats suitability, biodiversity indicators, NCP indicators). Mapping tools were made
freely available on the web to allow different stakeholders to easily use these maps.
The AR visualization environment of GUARDEN provides a dynamic representation of the modelled
area. It uses as input data the outputs of the biodiversity and ecosystem services models and data
analysis results. The visualisation environment enables stakeholders to be informed about thematic
information (i.e., biodiversity/ecosystem-associated observations) at different time instances while
also facilitating its assessment in conjunction with other parameters.
Additionally, users can identify plant species through Pl@ntNet and utilise soundscapes to identify
bird communities. The public participation tools allow citizens to easily incorporate data-backed
arguments (evidence) into the deliberation for innovative governance and open up the possibility of
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providing counterarguments in the same way. It leverages former work developed at CSIC to use AI
techniques to foster deliberation, particularising them to the specific case of evidence-based
deliberation, including an interconnected flow of tools: MINKA for data collection, a dashboard for
visualisation and highlighting of key information for actions, and a forum integrating AI-based
functionalities to support informed deliberations.
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4 Data collection Apps and Mapping tools
Data collection applications and mapping tools serve several crucial purposes, including conservation
planning, priority setting, education, and outreach. Building upon their established foundations,
Pl@ntNet and MINKA platforms were further developed and enhanced, with new functionalities
implemented in response to requirements emerging from the GUARDEN case studies. Pl@ntNet
focuses solely on plants, drawing on an alreadywell-establishedworldwide community of contributors
numbering in millions. The platform's main originality lies in its central reliance on AI to develop
innovative plant biodiversity monitoring tools. The MINKA platform covers all kingdoms (animals,
insects, fungi, plants) and focuses on structuring and engaging communities of contributors, in
particular in the context of citizen science projects with stakeholders actively involved in the process.
In the following two sections, we describe the new ICT tools developed within these two platforms
as part of GUARDEN. Several of those developments rely on core technologies developed and
experimented as part of theWP3 of GUARDEN.We focus here only on the additional developments,
particularly the front-end tools made available to end users.
4.1 GeoPl@ntNet (interactive mapping tools)GeoPl@ntNet is an interactive web application aimed at making Essential Biodiversity Variables easily
accessible and understandable for everyone through interactive maps and fact-sheets. Its main
principle is to enable users to explore high-resolution, AI-generated, maps of plant species distribution
and biodiversity indicators on a European scale (based on the maps produced as part of WP3, see
deliverable D3.5 for details). The interface is designed to be intuitive, while providing a richness of
information on plant biodiversity in a given region. It is accessible at the following URL for authorised
accounts: https://maps.plantnet.org/viewer/
Authorisation can be granted by filling out an online form here (check GeoPl@ntNet).
Alternatively, a video illustrating some of the main features of GeoPl@ntNet is available here.
In a nutshell, key features include:
Visualisation of distribution maps: Users can select any plant species or EUNIS habitat of interest and
visualise its distribution at various scales across Europe in the form of high-resolutionmaps (50x50m).
1. Exploration by region of interest: It is possible to select (by drawing on the map) specificregions (e.g., an undeveloped area of a city, a protected natural area, or the banks of a river)to explore local biodiversity (e.g., species present and their coverage).2. Detailed reports: The tool generates detailed reports on the selected area, including indicatorssuch as: The number of protected species in the area, according to the EU Habitat Directive orthe IUCN Red List. The number of invasive species which may represent a threat to local ecosystems. The number of endemic species specific to this region that require particular attentionin terms of conservation.

In the following subsections, we provide a detailed description of the software components of
GeoPl@ntNet. Please note that the cartographic contents and the methodology for producing them
are not the subject of this deliverable. For more details about those aspects, please refer to
deliverable D3.5.

https://maps.plantnet.org/viewer/
https://docs.google.com/forms/d/e/1FAIpQLSdCJkYiovO2OjNwuvBMfkLm0pFYIdVavs7VXRmVC1ps96CFlQ/viewform
https://lab.plantnet.org/seafile/f/08d0c3bc758d47a48845/


D4.2 GUARDEN ICT Tools - Final

© GUARDEN, 2024 14

4.1.1 Map server and API
This component aims at managing and sharing efficiently the spatial data and maps on which
GeoPl@ntNet relies. In particular, it provides interactive map services via WMS (Web Map Service)
web protocols. It plays a crucial role in optimising the performance and scalability of the interactive
features available in the front-ends (e.g., the integrated Dashboard for each case study developed
under T4.4 and will be reported in D4.4).
Maps sharing relies on two main components:

1. A cache server acting as an intermediary between the web clients: MapProxy is an open-source proxy and cache for web mapping services. It supports protocols like WMS, WMTS,and TMS, enabling fast and efficient map tile serving by caching tiles from various sources. Itcan also project, merge, and transform map data for customised outputs. We mainly useMapProxy for WMS and caching.2. A dynamic Tile server serving the geospatial data sources encoded in Cloud Optimised GeoTIFF(COG): TiTiler is a lightweight, fast, and customisable tile server specifically designed forserving raster data, Cloud Optimized GeoTIFFs (COGs), over the web. It provides dynamictiling, rendering, and metadata extraction via a RESTful API. Built with FastAPI, TiTiler waschosen for its performance and high scalability.

FIGURE 2- EXAMPLE OF THE PROCESS FLOW FOR SERVING A TILE IN THE GEOPL@NTNET WEB APPLICATION.
For this new version of GeoPl@ntNet, we have changed the tools for generating tiles for maps from
QGIS to TiTiler. This change was made for performance reasons only. The volume of data to be
processed and the number of maps to be provided justified this choice.
As an indication, the rendering of a France indicator map on a web browser has gone from oneminute
to a few seconds.
For performance reasons, part of the cache used by MapProxy is pre-generated using Python seed
scripts. For each map available in GeoPl@ntNet, tiles are cached up to zoom level 12. Level 12 was
chosen to balance high display performance and storage efficiency. Lower zoom levels are generated
on the fly upon first display.
The map server is currently hosted on CIRAD's virtual private network (which hosts most of the
Pl@ntNet infrastructure servers). Given the fact that the amount of data to be stored is huge (several
TB), we use an NFS (Network File System) mounting point on a Storage Virtual Machine (SVM)
provided by Meso@LR (a French regional computing and data skills centre offering shared resources
and cutting-edge High-Performance Computing (HPC) and High Throughput Computing (HTC)
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architectures). We use the same SVM to store cached raster tiles provided by the MapProxy cache
server and COGs used by TiTiler.
Spatial data sharing also relies on two main components:

1. A PostgreSQL database with the PostGIS spatial extension: ideal for storing and sharing spatialdata due to its robust support for geographic and geometric data types, allowing efficientstorage and management of complex spatial datasets. It provides powerful spatial querycapabilities, enabling advanced geospatial analysis and data manipulation directly within thedatabase.2. Hapi, a Node.js framework, is well-suited for interacting with the PostgreSQL databasebecause of its flexibility in building robust API routes for data sharing. It allows secure andefficient handling of HTTP requests for serving spatial data queries.
To provide the result of a prediction request at a particular point or area, Hapi routes it to the
appropriate handler based on the defined endpoint and method. The handler uses a PostgreSQL
client, like pg, to construct and execute an SQL query to retrieve the required data from the database.
The resulting data, formatted as JSON, is then returned to the web client as the HTTP response.

FIGURE 3 - EXAMPLE OF MAP API USAGE
Currently, the PostgreSQL database contains the following data:

 spatial grids at different resolutions, postgis rasters of species predictions, postgis rasters of indicators, model’s species list with metadata enrichment, geographical spatial zones, defined in the WGSRPD (World Geographical Scheme forRecording Plant Distributions), an international standard manager by the TDWG (TaxanomicDatabase Working Group).
The PostgreSQL database and the Map API are currently hosted on two Virtual Machines on CIRAD's
virtual private network. Given the fact that the amount of data to be stored is also huge (almost 2 TB),



D4.2 GUARDEN ICT Tools - Final

© GUARDEN, 2024 16

we use a the same NFS (Network File System) mounting point as theMap Server to store the database
file system.

4.1.2 Web Front-end
The public GeoPl@ntNet web application is accessible at this URL: https://maps.plantnet.org/viewer
This web application front-end is developed as a SPA (Single Page Application) with the VueJS
framework. It uses the popular Leaflet library to display maps.
The user interface of GeoPl@ntNet has two main components: (i) a map on the right and (ii) a sidebar
on the left with 3 tabs (indicators, species and habitats) to control what is displayed on themap (Figure
4).
At first, the user can explore a selection of maps on a European scale (at 50x50m resolution): Tree
species richness, EUNIS habitats level 1, EUNIS habitats level 2, and a species prediction. After that he
can select either a GUARDEN case study area or a European country to visualise all GeoPl@ntNet
maps.

FIGURE 4 - DEFAULT DISPLAY WHEN ACCESSING THE GEOPL@NTNET ONLINE TOOL

Once the user has chosen a case study or a country, access the lists of indicators, species prediction
maps and habitats prediction maps-can visualise:

 a particular indicator (e.g., the estimated number of species per cell of 50x50m, Figure 5 ) a particular species (e.g., the presence probability map of Quercus ilex L.) a particular species occurrence data (from GBIF or the European Vegetation Archive) on topof the prediction to easily compare them (Figure 6) a particular habitat (e.g., the presence probability map of EUNIS Habitat N16 =Mediterraneanand Macaronesian coastal dune grassland grey dune

https://maps.plantnet.org/viewer
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FIGURE 5 - INTERACTIVE MAP FROM GEOPL@NTNET, SHOWING THE PREDICTION OF SPECIES RICHNESS FOR THE FRANCE
CASE STUDY

FIGURE 6 - INTERACTIVE MAP OF GEOPL@NTNET, SHOWING THE PREDICTED DISTRIBUTION OF A SPECIES, AS WELL AS THE
KNOWN GBIF AND EVA OCCURRENCES FOR THIS SPECIES

All maps are provided as colour maps. For species, it corresponds to the estimated probability of
presence. For example, 0.25 means an observer has a one-in-four chance of finding the species at that
location. For habitats, it corresponds to the estimated classification probability. For example, 0.75
means that there's a 75% chance that it's this habitat and not another. For indicators, it corresponds
to the indicator's value (e.g., the number of protected species per 50x50m cell). Confidence ranges of
indicators will be integrated as complementary maps once they are ready.
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By drawing a shape (polygon, rectangle, circle or marker) on the map, the user can filter the list of
predicted species and habitats further to a specific area of interest (Figure 7). He can also draw
multiple shapes and switch between them to compare prediction results.

FIGURE 7 - VISUALISATION OF THE LIST OF PREDICTED SPECIES AND HABITATS (LEFT), BASED ON A SPECIFIC AREA OF INTEREST(RIGHT) DEFINED BY A GEOPL@NTNET USER
Habitats and species lists can be quite long so we have provided a couple of tools to let users find what
they want:

 Species are sortable by coverage, species name, family name and genus name Habitats are sortable by coverage, name, level and code Species and habitats can be filtered with a full-text search Species can be filtered by a selected number of properties:o IUCN statuso Present in EU directiveo Tree (as recognised in the WCVP (World Checklist of Vascular Plants database)o Invasive (as recognised in the Invasive Species Compendium from the Centre forAgricultural Bioscience International, CABI)o Listed as used by human in GRIN (Germplasm Resources Information Network), anonline portal for information about agricultural genetic resources that are managedby the Agricultural Research Service of USDA.
For each Area of Interest, the user can also visualise the biodiversity indicators computed locally and
easily compare them by switching between them:

 Number of IUCN endangered species Number of EU directive species Number of Invasive species Number of specialist species
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4.1.3 Public API
All the maps in the GeoPl@ntNet application are available as WMS streams, the standard
communication protocol of the Open GeoSpatial Consortium. They can, therefore, be easily integrated
into any other cartographic tool.
A web service allowing to get the report of a particular Area of Interest in JSON format has also been
developed and is available via my.plantnet.org (for authorised accounts).

4.1.4 GeoPl@ntNet Integration in GUARDEN Case StudiesAs a web application available at EU scale, GeoPl@ntNet is relevant for all case studies of GUARDEN
since it covers all their geographic extent. In addition, specific views for each of the four case studies
have also been developed to make it easier to view the maps restricted to the case study areas.
The exploration of species and indicator distributions at the scale of the spatial areas covered by the
case studies facilitated exchanges with local experts in the field, providing feedback on the potential
limitations of the work carried out or the need for clarification of the methodology used for the
analysis of some indicators (such as, for example, the indicator of the number of invasive species in
an area, given that the ‘invasive species’ status is not the same for a given species from one region to
another). This work also enabled us to contribute to the dialogues undertaken as part of the project's
focus groups (WP2), and to participate in the estimation of ecosystem services (WP3) in the regions
studied.
4.2 Pl@ntNet: Recent Developments in Data Collection ApplicationsPl@ntNet is a citizen science platform co-developed in 2009 by a consortium of four French research
organisations, including CIRAD (coordinating GUARDEN) and Inria (coordinating GUARDEN technical
activities). Pl@ntNet has three main front-ends (Pl@ntNet androïd, Pl@ntNet iOS and Pl@ntNet web)
and is based on a cooperative learning principle (see deliverable D2.6 for more details).
Three core evolutions of Pl@ntNet have been designed and developed as part of GUARDEN:
(i) the migration of the platform to a regionalised global flora(ii) the extension of the platform to manage vegetation images (in particular quadrat images)and(iii) the development of a GUI for the import of observations by batch within the database. In thefollowing subsections, we provide a detailed description of those three achievements.

4.2.1 Migration to a regionalised global floraThe taxonomic backbone previously used in Pl@ntNet was a collection of heterogeneous flora of
uneven quality from one country to another, and a large fraction of species in many countries were
not covered or poorly covered (invalid taxa names, missing species, irrelevant species, etc.). In order
to solve this limitation and make Pl@ntNet more effective and user-friendly in any European country,
the entire platform has been migrated to a new, globally homogeneous backbone. The choice fell on
the Plants Of The World Online (POWO), a global checklist maintained by Kew Botanical Gardens in
the context of an international collaboration. It has been integrated with the World Geographical
Scheme for Recording Plant Distributions, an agreed system of geographical units defined by the
Biodiversity Information Standards (TDWG). This integration required a major evolution of the

http://my.plantnet.org/
https://identify.plantnet.org/
http://apple.co/2cMtWgu
http://bit.ly/1K4D1eU
https://powo.science.kew.org/
https://www.tdwg.org/standards/wgsrpd/
https://www.tdwg.org/standards/wgsrpd/
https://www.tdwg.org/
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Pl@ntNet system, including the database structure, the data access layer, the artificial intelligence
training workflow and the front end itself.
The major benefit for the users is that they can now select the flora best suited to their location. This
can be done either by selecting it on a map (see here for the web version), or automatically with the
GPS if the user has authorized the use of his position in the application settings (as illustrated in Figure
8).

FIGURE 8 - SCREENSHOTS OF PL@NTNET MOBILE APPLICATION ENABLING THE SELECTION OF A REGIONAL FORA OF INTEREST.THE GEOGRAPHICAL BREAKDOWN IS BASED ON THE WORLD GEOGRAPHICAL SCHEME FOR RECORDING PLANT DISTRIBUTIONS
AND THE CORRESPONDING SPECIES CHECKLISTS COME FROM THE PLANTS OF THE WORLD ONLINE INITIATIVE

Selecting the appropriate flora in such a way rather than working at the world flora’s level enables
significant gains in the identification performance (as evaluated in deliverable D3.1). The other benefit
is that all other screens and features of the Pl@ntNet app are contextualised with this regional flora.
This includes the taxonomic explorer (at the family, genus and species level) and the collaborative
observations feed (Figure 9). It also improves the quality and integrity of the contributed data since a
taxon can no longer have different names in different floras.
More broadly, the alignment of Pl@ntNet's backbone with POWO's global taxonomy greatly enhances
its interoperability with other biodiversity infrastructures. In particular, information provided by other
infrastructures can be easily accessed and displayed in the Pl@ntNet application. The IUCN status of
species, for instance, has been integrated as part of GUARDEN’s requirements (in the explorer, as
illustrated in Figure 9, but also in the identification page results). The native range of species provided
by POWO is also used to determine whether a species is native, introduced or probably erroneous in
a particular regional flora. Conversely, migrating Pl@ntNet to POWO facilitates the export of Pl@ntNet
data to other platforms, particularly GBIF.

https://identify.plantnet.org/
https://www.tdwg.org/standards/wgsrpd/
https://powo.science.kew.org/
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FIGURE 9 - SCREENSHOTS OF PL@NTNET MOBILE APPLICATION ENABLING TO EXPLORE SPECIES, GENUS AND FAMILIES OF THE
SELECTED REGIONAL FLORA AND TO VISUALIZE THE LATEST CONTRIBUTIONS OF THE COMMUNITY IN THE REGION

4.2.2 Extension to Vegetation Survey ImagesAsmentioned in deliverable D3.1, a newweb front-end dedicated to end-users carrying out vegetation
surveys has been developed within Pl@ntNet as part of GUARDEN. The main entry point is accessible
at the following URL for authorised Pl@ntNet accounts: https://identify.plantnet.org/plots
Authorisation can be granted by filling out an online form available here. A demo video is available
here.
The core AI technology allowing the identification of species in such vegetation survey images has
been developed as part of WP3, but all the development work allowing it to be functional as a new
feature in the Pl@ntNet application has been developed as part of WP4. In particular, much work had
to be done on the database (developed with ArangoDB) and the data access layer (developed in
JavaScript). HD images were not supported by the platform beforehand, and the data schema was
unsuitable since classic Pl@ntNet observations should contain only one individual of a species, not
several individuals of several species. It was, therefore, necessary to develop a completely new data
schema adapted to this type of data (see Figure 10). A survey can, for example, contain several HD
images of the same plot but also be associated with several classic Pl@ntNet observations of the
individual plants present in the plot. We also had to develop all the database querying mechanisms
(index optimisation, etc.) and data integration verification procedures (e.g., to ensure that an
observation associated with a plot corresponds to a nearby GPS coordinate). New routes also had to
be developed to enable front-ends to access the plot’s data and to enable querying the AI engine for
identification.
The other main task was developing the front end itself. It is developed in Vue.js and includes 3 main
views: the home page presents a summary view of all plots and enables the creation of a new plot,
the user page displays the plots of a particular user, and the plot page displays a particular plot and
enabling most of the interactive features as listed hereafter:

 edit the metadata (title, description, date, EUNIS habitat label, flora, manual geo-location) populate the plot with HD images of the plot


