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Executive Summary
Deliverable D2.5 presents the first version of the functional requirements of GUARDEN system. This
system-level specification comprises the high-level view of the layers and components, as well as tools
and applications, and specifies their interaction patterns, the technical integration points, the
interconnection scheme and the specific interfaces for the exchange of information among them. The
basic system functionalities emerging from the requirement analysis, their mapping over the different
system entities and specific technology axes are performed. Each module is further decomposed into
high-level functional blocks (to be used as the basis for the subsequent detailed specification of each
component) and supported primitives and interfaces.
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1 Introduction
GUARDEN’s main mission is to safeguard biodiversity and its contributions to people by bringing them
at the forefront of policy and decision-making. This involves the development of user-oriented
Decision Support Applications (DSAs) making use of a suite of methods and tools using Deep Learning,
Earth Observation, and hybrid modelling to augment the amount of standardised and geo-localised
biodiversity data, build-up a new generation of predictive models of biodiversity and ecosystem status
indicators under multiple pressures (human and climate), and propose a set of complementary
ecological indicators likely to be incorporated into local management and policy. The GUARDEN DSAs
shall help stakeholders engaged in the challenge to improve their holistic understanding of ecosystem
functioning, biodiversity loss and its drivers and explore the potential ecological and societal impacts
of alternative decisions. Upon the acquisition of this new knowledge and evidence, the DSAs will help
end-users not only navigate but also (re-)shape the policy landscape to make informed all-
encompassing decisions through cross-sectoral integration.
This document presents a first version of the functional requirements of the GUARDEN system (as
identified through Task 2.1 and 2.2). This system-level specification comprises the high-level view of
the layers and components, as well as tools and applications, and specifies their interaction patterns,
the technical integration points, the interconnection scheme and the specific interfaces for the
exchange of information among them. The basic system functionalities emerging from the
requirement analysis, their mapping over the different system entities and specific technology axes
are performed.
A second version of the specifications of GUARDEN system will be provided later in the project (at
month 18) and will contain revised/completed technical specifications, in particular the ones related
to non-function requirements concerning performance, scalability, security and privacy aspects.
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1.1 Mapping GUARDEN outputsThis section presents the GUARDEN Grant Agreement (GA) commitments, as extracted from theformal deliverable and task description, in respect to their outputs and work to be performed. Thepurpose is to aid the reviewer in finding the specific sections of the document where the respectivetasks’ requirements are addressed but also to guide the author through and serve as a checklist toaddress everything that is needed to be addressed.
TABLE 1: ADHERENCE TO GUARDEN GA DELIVERABLE & TASKS DESCRIPTIONS

GUARDENGAComponentTitle

GUARDENGA Component Outline RespectiveDocument sections Justification

TASKS

Task 2.4GUARDENSystemArchitectureDesign andTechnicalSpecifications

Task 2.4 will present thefunctional requirements in alist of functional propertiesthat must be implementedand supported within thecontext of environmentalobservation, as identifiedthrough Task 2.1 and 2.2, aswell as the non-functionalrequirements concerningperformance, scalability,security and privacy aspects.The GUARDEN referencearchitecture will be defined interms of system-as-a-whole.This system-level specificationwill comprise the high-levelview of the layers andcomponents, as well as toolsand applications, and willspecify their interactionpatterns, the technicalintegration points, theinterconnection scheme andthe specific interfaces for theexchange of informationamong them. The basicsystem functionalitiesemerging from therequirement analysis, theirmapping over the differentsystem entities and specifictechnology axes will beperformed. Each module willbe further decomposed intohigh-level functional blocks

Section 3-6

Section 3 provides a globaloverview of the architectureof GUARDEN system, section4-5 then focuses on thefunctional description of thedifferent components of thesystem and on theirinteractions, while section 6provides an overview of thestandards and commonexchange formats to be usedwithin GUARDEN system.
A second version of thespecifications of GUARDENsystem will be provided laterin the project (at month 18)and will containrevised/completed technicalspecifications, in particularthe ones related to non-functional requirementsconcerning performance,scalability, security andprivacy aspects.
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(to be used as the basis forthe subsequent detailedspecification of eachcomponent) and supportedprimitives and interfaces.
Deliverable – D2.5 - GUARDEN system architecture design and technical specifications - Initial:

Initial version with the technical specifications.

1.2 Deliverable Overview and Report StructureThe document is organized as follows: Section 3 presents a comprehensive global overview of theGUARDEN system's architecture. In Section 4, a detailed functional description of the system'sindividual components is provided, while Section 5 illustrates their interactions through informativeworkflow charts. Finally, in Section 6, the standards and common exchange formats to be employedwithin the GUARDEN system are thoroughly described.
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2 Global Architecture overview
GUARDEN 's global architecture is shown in Figure 1. It has four main layers: (i) top-layer: end-user
applications/front-ends, (ii) second layer: web services & business logic layer, (iii) third layer:
modelling and data access layer and (iv), bottom layer: data storage layer. The components are
classified in three categories:
Key technologies of GUARDEN system (green boxes): those are the 13 main technologies that will be
developed within GUARDEN and that are intended to be used by external end-users or stakeholders
(in addition to internal use). They have been defined according to the output of tasks T2.1 and T2.2
of the project. Hence, each of them is associated with a Tech Card, i.e., a descriptive notice aimed at
being sharedwith stakeholders (in particular those involved in GUARDEN case studies). The numbering
(and URL) of the Tech Card corresponding to each key technology is provided within each green box
of Figure 1. They will further evolve up to the delivery of D2.1 (functional requirements elicitation
and analysis). It is important to mention that not all GUARDEN's key technologies are developed from
scratch. This includes in particular the Pl@ntNet application that is already used by millions of users
but that will be extended to meet GUARDEN’s objectives. Most of the key technologies, on the other
side, did not exist before such as the three Decision Support Applications, the mapping tools, the
Audio ID API, the AI-deliberation analysis tool or the Malpolon software (for training Deep Species
Distribution Models). More details are provided in the detailed description of each key technology
(see section 4.1).
Internal components of GUARDEN system (blue): those are components developed by GUARDEN
partners and that are essential to the functioning of the key technologies listed before, and not directly
accessible by end-users or stakeholders. This includes core technologies such as the AI-based models
for processing in-situ observations and remote sensing data, as well as the databases managing this
data. As for the key technologies, some of these components will be evolutions of already existing
components with high TRL levels (e.g., the back-ends and Data Access Layers) while some others will
be developed from scratch (most modelling tools and Pl@ntNet map server). More details are
provided in section 4.2.
External components (grey): those are components developed outside GUARDEN but that will play
an important role in the system. This includes in particular international biodiversity data platforms
such as GBIF, GLOBI, the EBV data portal, etc. More details are provided in section 4.2.4.
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FIGURE 1 - GLOBAL OVERVIEW OF GUARDEN SYSTEM ARCHITECTURE
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3 Components functional description
The Components Functional Description section provides a detailed overview of the key componentswithin GUARDEN's global architecture. This section briefly describes the functionalities and roles ofeach component, highlighting their importance in achieving the objectives of the project. Byunderstanding the functionalities of these components, stakeholders and technical partners can gaininsights into the core elements that will eventually enable the seamless integration and operation ofGUARDEN's innovative technologies.
3.1 Key technologies of GUARDEN systemThis section introduces the main technologies that will be developed within GUARDEN. Thesetechnologies have been carefully chosen based on the project's objectives and the outputs of tasksT2.1 and T2.2. There are 13 key technologies that will serve external end-users and stakeholders,offering valuable tools and features.
3.1.1 Decision Support Applications (front-ends)GUARDEN Contextualisable Dashboard (Human Machine Interface)tech card: n°12 hosting: guarden.org
Overview: A unified interface which integrates all the necessary GUARDEN system componentsbased on the use cases’ needs in order to enhance the user’s experience through unique DecisionSupport Applications (DSAs). The graphical Human Machine Interface (HMI) will be implemented,by leveraging the components of eBOS Platform in order to tailor the solution to the project'sunique requirements.
Functional requirements: The application will take the form of a dashboard with differentmodules that can be customised according to each case study. In particular, there will be acartographic module whose spatial range will be defined by the geographic area of the case study(in the form of a shapefile). The cartographic module will allow to display the various layersavailable for the study area (already available or produced by other components of GUARDENsystem), as well as background maps. Other modules will allow to display the indicators availablefor the case study through different types of charts, depending on the nature of the input data:time series plots for indicators with a temporal dimension, column chart categorical data, piechart for compositional data, etc. This will include data already available as well as data producedby the other components of GUARDEN system.
The precise functional requirements of this component being closely related to the outcome oftasks T2.1 and T2.2 of the projects (in particular deliverables D2.1, D2.2 and D2.3), they will bemainly addressed in the next version of the technical specifications of the GUARDEN system (indeliverable D2.6, due at month M18).

https://cloud.guarden.org/f/21204
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GeoPl@ntNettech card: n°13 hosting: plantnet.org
Overview : GeoPl@ntNet is a web application that makes biodiversity indicators easily accessibleand understandable for everyone in the form of interactive maps and fact-sheets available at EUscale. Its development is inspired by an earlier prototype called AI-GeoSpecies, developed as partof the European project Cos4Cloud, but it will be a completely new application within the Pl@ntNetplatform. In particular, it will be based on a new map server developed as part of GUARDEN (seesection 4.2.3), a new spatial data modulization and production workflow (also non-existent to date),and major extensions to the Pl@ntNet back-end.
Functional requirements: A first mockup of the application has been produced. It is accessibleonline and reproduced in Annex. The Graphical User Interface includes two main windows (see
Figure 2 below), one containing an interactive map and the other one containing multiple fact-sheets accessible though different tabs (species, habitats, conservation, threats, ecosystem). Thefact-sheets are dynamically updated when the user selects a new area or point of interest anywhereon the map in Europe (the exact footprint for Europe is provided Annex). Different layers can bedisplayed on the map, overlaying the background maps (with adjustable transparency). The type ofavailable layers depends on the selected tab, e.g. a species diversity indicator layer when the speciestab is selected or a EUNIS habitat types layer when the habitat type is selected. At the same timethe content of the fact-sheets change from one tab to another depending on the information andindicators to be displayed (see mockup). All the indicators are computed based on the plant speciesassemblages predicted at any location based on a Deep Species Distribution Model. The targetspatial resolution at the end of the project is 50x50m resolution grid but lower resolutions will beimplemented for the initial version of the tool. A first set of foreseen indicators is provided in themockup but it will be revised/enriched later on according to the feedback of stakeholders/end-users. In the first version of the application the time dimension won’t be taken into account. In thefinal version of the application, past and future state of biodiversity indicators will be madeavailable.

FIGURE 2 - GEOPL@NTNET APPLICATION MOCK-UP HOME PAGE

https://cloud.guarden.org/f/26247
https://cos4cloud-eosc.eu/
https://docs.google.com/presentation/d/1hqfsU_mlLjdNP2Kn7mHm6Uw_e0Dxsf5vIDIpHnrRD7U/edit?usp=sharing
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Citizen Science data visualizationtech card: n°7 hosting: guarden.org
Overview:A dashboard for evidence-based decision-making supported on citizen science data: datavisualisation platform for supporting the deliberation in multistakeholder initiatives. The platformconsolidates observations and facilitates the interpretation and use of the citizen science data.
The dashboards are using Python language to extract and analyse data from Minka website, Plotlyand Folium to visualise data and Streamlit to create the interactive dashboard.
Functional requirements:The different dashboards will be published in a server to be determined, linked to Minka. It will bepossible to have private dashboards, with authentication via username and password, for theprojects that so wish, and public dashboards, available to any user. Different metrics and plots willbe available to customise the dashboard to fulfill the user’s needs.

3.1.2 Data collection Apps (front-ends)
Pl@ntNet apptech card: n°2 hosting: plantnet.orgOverview : Pl@ntNet is a citizen science platform and information system that relies on ArtificialIntelligence (AI) to facilitate the identification and inventory of plant species. It has three mainfront-ends: Pl@ntNet androïd, Pl@ntNet iOS and Pl@ntNet web. Pl@ntNet is based on acooperative learning principle as illustrated on Figure 3 below. The Pl@ntNet user communitygenerates a large number of plant observations in the field. An observation can contain from oneto five images of the observed specimen and a set of metadata such as the date of observation,the GPS (Global Positioning System) coordinate, or the type of view of image (flower, leaf, fruit,entire plant, etc.). Each observation is automatically identified by an AI algorithm (detailed later inthis section) and the candidate recognized species are returned to the observer for confirmation.All observations are stored in a database and can be reviewed by the community. A user cantypically confirm the initial species name shared by the observer (with the help of the AI) orpropose an alternative species name. Only the observations that reach a sufficient degree ofconfidence are labelled as valid observations and are added to the training set of the AI model. Totake into account the new observations and revisions made by the community, the model isretrained regularly. This is typically done on a monthly basis (rather than, e.g., a daily basis) tolimit energy consumption and carbon emissions.

https://cloud.guarden.org/f/21196
https://cloud.guarden.org/f/21186
https://identify.plantnet.org/
http://apple.co/2cMtWgu
http://bit.ly/1K4D1eU
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FIGURE 3 - SCHEMATIC VIEW OF THE COOPERATIVE LEARNING WORKFLOW OF PL@ANTNET

Functional requirements :1- Pl@ntNet's first major evolution need within GUARDEN is to make it more efficient and user-friendly in every country in Europe and more generally, in the long term, everywhere in the world.Indeed, the taxonomic backbone used previously in Pl@ntNet was a collection of heterogeneousflora of uneven quality from one country to another, and a large fraction of species in manycountries were not covered or badly covered (invalid taxa names, missing species, irrelevantspecies, etc.). In order to solve this limitation, the entire platformwill be migrated to a new, globallyhomogenous backbone. The choice fell on the Plants Of The World Online, a global checklistmaintained by Kew botanical Gardens in the context of an international collaborative. It will beintegrated in conjunction with the World Geographical Scheme for Recording Plant Distributions,an agreed system of geographical units defined by the Biodiversity Information Standards (TDWG).This integration will require a major evolution of the whole Pl@ntNet system, including thedatabase structure, the data access layer, the artificial intelligence training and the front-endthemselves. This migration must be carried out without interrupting the application's service, andwith backward compatibility with old versions of the application during a period of time of at least12 months.
2- Pl@ntNet's second major progression requirement within GUARDEN is to develop new featuresfor vegetation plots records rather than individual plant records as is currently the case. A usermust be able to:

– create an observation plot with associated metadata (title, description, date)– populate an observation plot with HD images of the plot– automatically identify the species in the HD image(s) of an observation plot– populate an observation plot with existing Pl@ntNet observations– manage the list of species names present in the plot– record the abundance of each species present in the plot– record the coverage percentage of each species in the plot– record the phenological stage of each species in the plot– associate the plot with a geo-location or a polygon of its spatial footprint– publish plot observations in a Pl@ntNet group– publish plot observations in GBIF
3- The third new feature of Pl@ntNet is to enable the import of observations by batch within thedatabase. Many institutions and private individuals have large batches of plant observations that

https://powo.science.kew.org/
https://www.tdwg.org/standards/wgsrpd/
https://www.tdwg.org/
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they would like to share on the platform. However, importing observations at present can only bedone by uploading them one by one, which would take a considerable amount of time. This is amajor obstacle to the integration of existing data, particularly for the rarest species and the leastsurveyed regions. A new interface will be developed in the Pl@ntNet web application to enableplant observations to be imported in batches. This interface will enable to:
– Select a batch of images using the file explorer– Import images and exif data if available– Import metadata associated with images in the form of a CSV file provided by the user– Automatically identify the most likely species of each image– Manually enter /revise species names and metadata (date, position, comments)– Merge several images in a single Pl@ntNet observation– Flag issues (non-plant images, observations without dates, non-identified images, etc.)– Choose flora in which to push the observations

MINKA data collectiontech card: nº6 hosting: minka-sdg.orgOverview:Minka is a citizen science platform for collecting biodiversity and environmental data focused onthe sustainable development goals (SDGs). The platform supports the collection, storage andpublication of the data. The observations are validated through a collaborative process that includesexperts by training and by experience.
Minka’s front end includes a web application built in Ruby on Rails and a mobile applicationavailable for Android and iOS devices. Dashboards and a Jupyter-based virtual researchenvironment complement these user interfaces. The front end includes a publicly facing applicationprogramming interface (API) for programmatic access and an internal API that supports differentsystem features.
Functional requirements:MINKA, will undergo substantial improvements during the development of GUARDEN. Theseenhancements will be primarily divided into three main areas: User Experience, Type of DataCollection, and Integration of third-party services, such as AI identification tools like Pl@ntNet.
To elevate User Experience to new heights, the web front-end will undergo comprehensiveoptimization, focusing on refining the iconography and streamlining the identification process ofdiverse taxonomic groups for users. A user-friendly interface will be crafted to provide seamlessnavigation, making it effortless for users to access the information they seek. Notably, thenotification system for identified observations will be fine-tuned to ensure timely and relevantalerts, enhancing user engagement, and encouraging active participation.
MINKA's evolution goes beyond user experience, as one of its groundbreaking changes will be theintegration of environmental variables. While the platform currently allows collecting biodiversitydata, it is set to broaden its horizons by accommodating additional variables, such as watertemperature, to provide a comprehensive understanding of ecosystems. This progressive expansionof variables will facilitate the inclusion of data that support the SDG’s monitoring.
In the realm of third-party service integration, MINKA is embracing cutting-edge AI identificationtools like Pl@ntNet, enabling users to tap into a wealth of knowledge and expertise to accuratelyidentify plant species. Moreover, a second third-party service dedicated to marine species is also inthe pipeline and is undergoing rigorous testing to ensure its seamless integration and accuracy.

https://cloud.guarden.org/apps/onlyoffice/21199?filePath=%2F02.%20Work%20Packages%2F02.%20WP2%2FTech%20Cards%2F6%20Citizen%20science%20data%20acquisition%20%26%20collaborative%20validation%20(MINKA).pptx
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Recently released on both Android and iOS platforms, the MINKA apps will undergo thoroughtesting and continuous improvements throughout the project's development. Functionalities willbe refined, ensuring that users can conveniently accessMINKA's features on their preferred devices.Furthermore, the visual aspect of the mobile apps will be refined, providing an intuitive userexperience.
Additionally, legal aspects related to policy, community guidelines, and GDPR compliance arecurrently in the process of implementation. These measures are being put in place to ensure theethical and responsible management of personal data and all other data collected within theplatform.

3.1.3 Engagement App (front-ends)
Augmented Reality Visualization Tooltech card: n°10 hosting: Available through link
Overview: The main purpose of the AR visualization tool is to engage and educate a broad group ofend-users towards biodiversity conservation. To this end, the mobile AR application will enablestakeholders to be informed about thematic information (i.e., biodiversity/ecosystem associatedobservations) and users will be able to explore alternative scenarios in terms of the impact ofrelated decisions, while being provided with actionable insights that will increase theirunderstanding.
The overall GUARDEN AR solution is designed to support two different entities, the AR ContentManagement System (AR-CMS), and the mobile AR app. The solution supports both the additionand editing of the content and its visualization and demonstration. The AR-CMS is a web-basedapplication that allows the administrators and content owners to create campaigns and addcontent, and the AR mobile application (AR app) is designed to provide the generated experiencesto the end users. The AR CMS allows the administrator of the web-based application to create ARcampaigns with Points of Interest (PoIs) on the map. The PoIs contain the content. Through thedatabase that all information is stored, the users of the AR app access the AR content as soon asthey reach the location of the PoIs. Finally, the AR app will communicate with other GUARDENsystem elements to provide alternative experiences through image detection and soundrecognition.

https://cloud.guarden.org/f/21202
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FIGURE 4 - OVERVIEW OF THE AUGMENTED REALITY VISUALIZATION TOOL

Functional requirements: The AR application for water reuse and engagement to Circular Economyprinciples developed within the NextGen project will be further developed to support 3D modelsand representation of biodiversity and ecosystem indexes. In more detail, to support collaborationand interoperability within the tools of GUARDEN, the functional requirements of the AR are thefollowing:
 The AR app MUST authenticate and login the User The AR app MUST provide the campaigns created within the AR-CMS The AR app MUST allow to select and start a campaign The AR app MUST give the ability to the select and navigate to a POI through a map The AR app MUST enable the content linked to a POI and allow interactions with it The AP app MUST be able to enable created quiz and gather feedback. The AR app SHOULD initiate the campaign’s assessment form upon completion The AR-CMS SHOULD visualize stats related to a quiz or on assessment The AR app SHOULD allow to capture an image and present info provided upon plantdetection The AR app SHOULD allow to produce a sound recording and present info provided uponbird species identification The AR app SHOULD retrieve and present biodiversity maps The AR app COULD visualize info regarding habitat changes (losses or restoration) acrossthe years The AR app COULD present 3D models or maps with layers, like spatial distribution of ascenario (land use, fisheries, climatic conditions) and their consequences
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3.1.4 Mapping tools
Biodiversity indicators mapping toolstech card: n°11 hosting: plantnet.org
Overview : Workflow required to create the biodiversity indicator maps that will be integrated intothe system's end-user front-ends (the decision support applications in particular). Each indicatorwill be computed from a specific pipeline of models and algorithms. For instance, the mapping ofEUNIS habitats will be computed by first applying a Deep Species Distribution Model to predict thespecies assemblages on a spatial grid, and then applying a species-to-habitat model to classify thehabitat. A number of indicators have already been identified in the context of Task 2.3 (as listedbelow) and additional ones will be defined in the final version of the specification of the system.
Functional requirements:The workflow will include the following processing elements:

– run pre-trained Deep Species Distribution Model in inference mode on a spatial grid with aresolution up to 50x50m at EU scale (exact footprint in Annex). Input data of the DeepSpecies Distribution Model may include:o Copernicus data: Sentinel 2 RGB/NIR image patches anywhere in Europe (at 10x10mresolution) and at any month between 2014 and today (more details here) Montlhy Landsat multivariate time-series (RGB, NIR, SWIR1, SWIR2) at anyspatial position in Europe (30m resolution) from 2003 to today, at anyposition (more details here)o Environmental rasters: 19 Chesla bio-climatic variables at 1km resolution (as specified here) 4 Chelsa climatic variables time series per month from January 2000 toJune 2019 (as specified here) Elevation data at 30x30m resolution (as specified here) Human footprint data (as specified here) Land Cover data (as specified here) Soil attributes data (as specified here)– Filter and store the output of the Deep Species Distribution Models to include at least the500 most probable species at any position in Europe (based on the 50x50km grid) jointlywith their probability of presence– Compute indicators from the list of predicted species at any position in Europe including:o Shannon indexo Presence/percentage of endangered species (according to IUCN red list)o Presence/percentage of protected species in the EU habitat directiveo Presence/percentage of exotic invasive species (according to CABI or GRIIS)– Run post-processing models from the list of predicted species at any position in Europe tocompute indicators including:o EUNIS habitat classification modelso IUCN status prediction models

https://cloud.guarden.org/f/21203
https://lab.plantnet.org/seafile/d/936fe4298a5a4f4c8dbd/files/?p=%2FSatelliteImages%2FReadme.txt
https://lab.plantnet.org/seafile/d/936fe4298a5a4f4c8dbd/files/?p=%2FSatelliteTimeSeries%2FReadme.txt
https://lab.plantnet.org/seafile/d/936fe4298a5a4f4c8dbd/files/?p=%2FEnvironmentalRasters%2FClimate%2FBioClimatic_Average_1981-2010%2FReadme.txt
https://lab.plantnet.org/seafile/d/936fe4298a5a4f4c8dbd/files/?p=%2FEnvironmentalRasters%2FClimate%2FClimatic_Monthly_2000-2019%2FReadme.txt
https://lab.plantnet.org/seafile/d/936fe4298a5a4f4c8dbd/files/?p=%2FEnvironmentalRasters%2FElevation%2FDEM_README.txt
https://lab.plantnet.org/seafile/d/936fe4298a5a4f4c8dbd/files/?p=%2FEnvironmentalRasters%2FHumanFootprint%2FHF_README.txt
https://lab.plantnet.org/seafile/d/936fe4298a5a4f4c8dbd/files/?p=%2FEnvironmentalRasters%2FLandCover%2FLC_README.txt
https://lab.plantnet.org/seafile/d/936fe4298a5a4f4c8dbd/files/?p=%2FEnvironmentalRasters%2FSoilgrids%2FReadme.txt
https://www.iucnredlist.org/
https://environment.ec.europa.eu/news/habitats-directive-new-guidance-protected-species-2021-10-12_en
https://griis.org/
https://www.cabi.org/
https://eunis.eea.europa.eu/
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Mapping future trajectories of biodiversity and ecosystem servicestech card: n°1 hosting: HUA repositoryOverview: This modelling framework will quantify and map the future states of biodiversity andecosystem services (ES) at the European and case studies levels under different policy and climatescenarios. The effect of potential determinants (such as bio-climatic, land-use and socio-economicparameters) will be assessed through Bayesian Belief Networks (BBN) to predict the futuretrajectories of biodiversity and ES. Based on other outputs of GUARDEN’s tools, the implementationof various mitigation measures and strategies will be tested for their effectiveness in maintainingand enhancing the provision of ES. By combining information on biodiversity, ecosystem servicesand stakeholder priorities this module will facilitate decision making processes by translatingscientific knowledge to actionable decisions for the sustainable management of ecosystem servicesand biodiversity.
Functional requirements:The mapping and modelling framework for assessing the future of ecosystem services include twomain components:

1. Mapping the past and current status of ecosystem servicesThe input data will include among others: Biodiversity data, species distribution models Bio-climatic parameters Land-use/cover (LULC) data, including habitat maps Earth observation data Socio-economic dataThe outputs will include maps of the past and current state of ES (supply, demand, flow)
2. Mapping the future state of ecosystem services:The input data will include: Biodiversity indicators ES maps Stakeholders’ priorities Effect of potential drivers on ES (measured through Bayesian Belief Networks -BBNThe outputs of these models will represent the future states of biodiversity and ecosystemservices. Spatially-explicit biodiversity indicators (e.g., remote sensing based) Information on the drivers and pressures that affect each ES

https://cloud.guarden.org/f/21194
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Landscape dynamics mapping toolstech card: n°9 hosting: DRAXIS repository
Overview:This module will provide spatial information over the case study area on the evolution of land use/ land cover and the landscape’s structure as well as its changes over time in the form of geodataraster maps. The contribution of underlying drivers will be assessed to reveal their impact onlandscape changes. This will provide a basis for understanding the potential impact of futuredecisions on the landscape composition and structure.
Functional requirements:The landscape dynamics mapping will implement an object-based image analysis model into a greatamount of satellite imagery datasets of time steps over the past decades and provide severalclassification schemas on these periods. As a result, the land use / land cover mapping will beassessed over several time periods and the outputs will be enhanced with respect to spatialresolution and data quality. The outputs will be provided into raster formats for other tasks to useas input on other models as well as for visualisations into web map tools.

3.1.5 Open APIs
Pl@ntNet PhotoID APItech card: n°3 hosting: my.plantnet.org
Overview: Pl@ntnet photoID API is a web application allowing developers to use Pl@ntNet’sidentification engine as a RESTful JSON based Web service. The application includes the followingfeatures:

– User account creation and management through a user-friendly personal dashboard (e.g.graph of the number of queries per day)– Secured access to the web services with an API key– Image-based species classification: the service returns the list of species corresponding tothe query image(s), each associatedwith the probability output by the deep learningmodel– Similarity search: the service returns the closest pictures to the query which allows the userto visually control the returned species– Continuous improvement: Pl@ntNet model is regularly updated with new knowledge(revised collaboratively by Pl@ntNet community) and new deep learning modelsarchitecture– Automated rejection of non-plant images including pornographic contents, faces, personalobjects, etc.– Rich documentation for developers– Quality-of-service: advanced monitoring tools, automatic restart, scalability, identificationquality monitoring and non-regression guarantee
Functional requirements:In the context of GUARDEN, Pl@ntnet photoID API will be enriched/extended in several ways:

1. Development of new routes compliant with the global checklist Plants Of TheWorld Online: as mentioned earlier, the entire Pl@ntNet platform will be migrated to a

https://cloud.guarden.org/f/21201
https://cloud.guarden.org/f/25249
https://my.plantnet.org/
https://my.plantnet.org/
https://powo.science.kew.org/
https://powo.science.kew.org/
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new, globally homogenous backbone maintained by Kew botanical Garden in order tobetter cover the European and world floras. This integration will require a major evolutionof the API with the development of new routes, new unit tests on theses routes, newmonitoring tools for these routes, new documentation, etc. This has to be done whilemaintaining the compatibility with the previous routes (integrated in many third-partyapplications).2. Development of new routes compliant with the ARISE digital species identificationAPI format: the ARISE project has defined a standardized way for species identificationalgorithms to describe what they have localized and identified in media items. It is flexibleenough to cover images, sounds, video, and more; it can represent general classificationresults as well as detections in "bounding boxes", and detections linked across multipleimages. In order to foster interoperability between all EU projects related to biodiversitymonitoring, we will develop new routes in Pl@ntNet API based on the ARISE specification(that is public and open).3. Development of a new service for the processing of vegetation plot images: thecurrent version of Pl@ntNet API only allows to recognize the species of individual plantimages. Beyond this, one of the objectives of GUARDEN is to automate the monitoring ofplants carried out in the form of protocolized inventories of vegetation plots (e.g. quadratsof 1x1m). Therefore, a new service allowing to detect/identify all plants in a vegetationplot image will be developed. The new developed route(s) will allow:a. submission of one high resolution image of a vegetation plotb. configuration of the type of regions of interests to be used: (i) fixed grid with orwithout overlap of the tiles, (ii) pyramid of multiple resolutions with or withoutoverlap of the tiles, (iii) blind segmentation of the image, (iv) specific detectors (e.g.flower detector, fruit detector, etc.)c. configuration of the type of results to be returned: (i) presence/absence of species,(ii) number of regions of interest per species (weighted or unweighted byconfidence score), (iii) full identification results of all regions of interest.4. Development of a new access control system with fine-grained permissions, toassociate more accurately use cases and partners with available API routes.

Naturalis AudioID API: Bird sound Identificationtech card: n°5 hosting: Naturalis server to be defined
Overview: Naturalis runs image and sound identification web services at the Dutch national level(the “Arise” programme), including a service for hosting new recognition algorithms. Naturalis hasdeveloped and agreed a common RESTful JSON API specification for image/sound recognitionservices for Arise and also with GUARDEN partners. Using this specification and the Ariseinfrastructure, Naturalis will develop a European bird sound recognition service. The Ariseinfrastructure offers, among other things:

 Web service (a live API) to submit audio files, and to return bird species prediction Secured access to the web services with an API key or other authorisation token Good provisions for quality-of-service
Functional requirements:In the context of GUARDEN, the bird species recognition API will be developed, tested, and launchedas a live service:

https://www.arise-biodiversity.nl/teamdigitalspeciesidentification
https://www.arise-biodiversity.nl/teamdigitalspeciesidentification
https://cloud.guarden.org/f/21198
https://www.arise-biodiversity.nl/post/an-api-for-ai-species-recognition
https://www.arise-biodiversity.nl/post/an-api-for-ai-species-recognition
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 Single-label species classification (recognition of 1 prominent species in a given audio clip),covering hundreds of European bird species, with a later aim to expand this to multi-label(recognition of all species audible in a clip). Classification algorithms producing output compliant with the ARISE digital speciesidentification API format: the ARISE project has defined a standardised way for speciesidentification algorithms to describe what they have localized and identified in media items.It is flexible enough to cover images, sounds, video, and more.o The algorithms will be made available for use through an online API. The algorithmswill also be shared within the GUARDEN network (e.g. for partners to use offline)and in most cases these will also be published openly. Outputs with clear metadata (e.g. using Arise format and the AudioVisual Core metadatastandard) so that the predictions are interpretable and reusable. Documentation of sound recognition quality for both smartphone audio recordings and forsome common acoustic monitoring devices, in European habitats.

GeoPl@ntNet APItech card: n°14 hosting: plantnet.org
Overview: GeoPl@ntNet API is a web application for developers allowing to use the main featuresof the GeoPl@ntNet application as RESTful JSON based web services.
Functional requirements:GeoPl@ntNet API will be integrated as a new route within my.plantnet.org.The main input of the route will be the spatial region of interest (RoI) defined either as:

– a polygon– a point + radiusThe output of the service will be configurable and will include the following possible information:
– species present in the RoI according to GBIF (with number of occurrences) - configurablewith filters such as the year range or the IUCN red list category.– species list potentially present in the RoI according to the predictions of the DeepSDMmodel(s) available in the area (default one or specified by the user)– Meta-data about the species (e.g., GBIF species Id, IUCN red list category)– Biodiversity indicators:o Shannon index (computed on the species present and/or potentially present)o Presence/percentage of endangered species according to IUCN red list (computedon the species present and/or potentially present)o Presence/percentage of protected species in the EU habitat directive (computedon the species present and/or potentially present)o Presence/percentage of exotic invasive species (according to CABI or GRIIS(computed on the species present and/or potentially present)o EUNIS habitat(s) according to available data sources (e.g. EBV portal, Carhab ) asinferred from the species present and/or potentially present, or

Additional options/types of outputs will be updated in the further version of this deliverable (D2.6).

https://www.arise-biodiversity.nl/teamdigitalspeciesidentification
https://www.arise-biodiversity.nl/teamdigitalspeciesidentification
https://www.arise-biodiversity.nl/teamdigitalspeciesidentification
https://cloud.guarden.org/f/26247
https://my.plantnet.org/
https://www.gbif.org/
https://www.iucnredlist.org/
https://environment.ec.europa.eu/news/habitats-directive-new-guidance-protected-species-2021-10-12_en
https://griis.org/
https://www.cabi.org/
https://inpn.mnhn.fr/programme/carhab#presentation
https://portal.geobon.org/home
https://eunis.eea.europa.eu/
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3.1.6 Other key technologiesAI-based deliberation analysis tooltech card: n°8 hosting: CSIC repository
Overview: This module will create the technology components required for the analysis andsupport of deliberation in citizen science projects. These components will support the collectionand storage of citizen science discussion forums, the evaluation and analysis of the discussions andprovide support to empower deliberation.
Functional requirements: The first stage of the development of components will gather thedeliberation taking place in CS discussion forums and store them in a structured database. We willspecifically focus on Discourse based forums, since Discourse is the most used platform for thecreation of fora in CS. To crawl the discussions, we will implement a Python module, relying on theBeautiful Soup module.
The second stage will analyze the discussions trying to identify the different communities andcategories of messages, providing an answer to the question: What are the main characteristics ofthe discussions taking place in CS fora?
The third stage will concentrate on evaluating the quality of the deliberation taking place indiscussions by means of the automation of tools such as the Deliberation Quality Index.Finally, we will provide simple ways to improve the deliberation taking place in these communities,for example, by identifying how experts can contribute to a specific discussion and pointing themto the discussion to see if they can collaborate.
Malpolon (Deep Species Distribution Modeling framework)tech card: n°4 hosting: Github public repository
Overview:Malpolon is a generic, free and open-source deep learning framework for training high- resolutionpredictivemodels of species compositions and habitats from remote sensing and in-situ observationdata.
Functional requirements:This work started with an existing INRIA framework (pytorch-based) developed for Deep SpeciesDistribution Modelling. It will be refactored and extended with (i) improved modularity, (ii) newdata loaders (in particular for the already identified data sources listed in themethodology section),(iii) new model’s architectures (in particular models based on Transformers aimed at exploitinglong-term and long-distance dependencies), (iv) new loss functions (in particular for speciesassemblages prediction) and, (v) a new inferencemodule allowing to compute high resolutionmapsfor any user-specified area and resolution. A public GitHub repository will be set up withdocumentation, helpers and tutorials facilitating the usage of the framework by GUARDEN partnersand by the community of external users.
In more detail, Malpolon will implement the following features:
Datasets, datamodules, dataloaders

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

https://cloud.guarden.org/f/21200
https://cloud.guarden.org/f/25250
https://github.com/plantnet/malpolon
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GeolifeClef2023 and GeolifeClef2024 datasets– Support the integration of generic raster multi-spectral datasets like Sentinel-2, landsat,Chelsa climate, etc. Data can be stored either as pre-extracted chips (patches) or as bigraster files (geotiffs)– Support the compatibility of datasets implemented within TorchGeo (a PyTorch domainlibrary providing datasets, samplers, transforms, and pre-trained models specific togeospatial data.)
Models
Models can be imported from torchvision or timm through a model provider module.One can easily change a model's last and first layers through the framework.Support the training of models based on different tasks including classification with cross entropy,multi-label classification with binary cross entropy, abundance prediction with Poisson regression ,new loss functions developed by PhD students.
Training, inference
The train/val/test model training is based on pytorch lightning and implemented in the frameworkso that one user only has to instantiate a datamodule (containing a dataset), a model, a trainer(always the same). Inference: it is possible to run the model in inference mode on a single datapoint or on a test dataset. It is possible to easily change the state_dict keys
Parametrization- Models, training mode and dataset choice are parameterizable in config files read by every mainfiles
- Add on-the-fly transform feature to RasterTorchGeoDataset
- Allow users to choose whether they want raw logits output before their loss or not (supposedly toimplement custom losses), all without having to change their parametrization.
- Update the framework to work with newer versions of torchmetrics and pytorch lightning
- broaden the range of usable metrics Implementation of transformers system
- Better support of multi-modalities in input data transformations and augmentation especially fordata of different sizes

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

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

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

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

Species distribution models: these are the models that will be used by the biodiversity indicators
mapping tools and by the GeoPl@ntNet application to predict the list of species potentially present
at any location in Europe. They will be based on DeepSDMs in the continuity of Inria’s research work
in this area (see e.g. [Deneu2022], [Estopinan2022], [Deneu2021]).
A first ensemble of models will be trained at the EU level based on 5M (filtered) GBIF occurrences and
the following predictors:

o Copernicus data: Sentinel 2 RGB/NIR image patches anywhere in Europe (at 10x10m resolution)and at any month between 2014 and today (more details here) Montlhy landsat multivariate time-series (RGB, NIR, SWIR1, SWIR2) at anyspatial position in Europe (30m resolution) from 2003 to today, at any position(more details here)o Environmental rasters: 19 Chesla bio-climatic variables at 1km resolution (as specified here) Elevation data at 30x30m resolution (as specified here) Human footprint data (as specified here) Land Cover data (as specified here) Soil attributes data (as specified here)
The models will be trained on Jean-Zay super-computer equipped with thousands of GPUs.
The models will be evaluated separately and jointly on a test dataset of expert presence/absence data
available in France and UK (CBNA, CBNMed, Inventaire forestier IGN and NPMS).

https://powo.science.kew.org/
https://www.cnrs.fr/fr/jean-zay-le-supercalculateur-le-plus-puissant-de-france-pour-la-recherche
https://xeno-canto.org/
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1008856
https://www.frontiersin.org/articles/10.3389/fpls.2022.839327/full
https://www.frontiersin.org/articles/10.3389/fpls.2022.839279/full
https://lab.plantnet.org/seafile/lib/2f802344-665f-46e1-bb69-69e7e73542e3/file/public_files/SatelliteImages/Readme.txt
https://lab.plantnet.org/seafile/lib/2f802344-665f-46e1-bb69-69e7e73542e3/file/public_files/SatelliteTimeSeries/Readme.txt
https://lab.plantnet.org/seafile/lib/2f802344-665f-46e1-bb69-69e7e73542e3/file/public_files/SatelliteTimeSeries/Readme.txt
https://lab.plantnet.org/seafile/lib/2f802344-665f-46e1-bb69-69e7e73542e3/file/public_files/EnvironmentalRasters/Elevation/DEM_README.txt
https://lab.plantnet.org/seafile/lib/2f802344-665f-46e1-bb69-69e7e73542e3/file/public_files/EnvironmentalRasters/HumanFootprint/HF_README.txt
https://lab.plantnet.org/seafile/lib/2f802344-665f-46e1-bb69-69e7e73542e3/file/public_files/EnvironmentalRasters/LandCover/LC_README.txt
https://lab.plantnet.org/seafile/lib/2f802344-665f-46e1-bb69-69e7e73542e3/file/public_files/EnvironmentalRasters/Soilgrids/Readme.txt
https://www.cnrs.fr/fr/jean-zay-le-supercalculateur-le-plus-puissant-de-france-pour-la-recherche
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Further models will be specified in the next version of this deliverable (D2.6). They will include more
precise models that will work only locally, in particular in the case studies areas.
Biodiversity indicators models: these are the models that will be used by the biodiversity indicators
mapping tools and by the GeoPl@ntNet application to compute specific indicators from the list of
plant species present or potentially present at a given location. This will include:

 species-to-habitat models: these models will predict the type of EUNIS habitat computedfrom the list of species present at a given location. Several types of models will be trained andevaluated including: Random Forest, Multi-layer perceptron, XGBoost and Natural LanguageProcessing models such as BERT. The models will be trained on a large dataset of hundreds ofthousands of vegetation plots provided by the European Vegetation Archive. species status prediction models: these models will predict the IUCN red list status of speciesthat have not been evaluated by IUCN experts so far. The models will be based on RandomForest or Multi-layer perceptron algorithms and will take as inputs different types of dataincluding: (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 aboveparagraph) species interaction models: these models will enrich the assessment of ecosystemcomposition by predicting the species interacting with the plant species present or potentiallypresent at a given location (e.g. pollinators or birds). They will build upon existing knowledgegraphs of interactions providedwithin the GloBi infrastructure, in conjunction withobservation and model prediction data from GBIF or the data collected within GUARDEN. Theprimary focus will lie on predatory and herbivory interactions between species, but positiveinteractions such as pollination will also be considered during this task.
Future ecosystem services modelling framework: The framework to mapping and assessing future
ecosystem services (ES) includes: 1) the use of indicators and process -based models for mapping the
past and current state of ecosystem services, and 2) the development of Bayesian Belief Networks
(BBNs) for modeling the future ES state.

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

https://euroveg.org/eva-database/
https://unfccc.int/files/adaptation/methodologies_for/vulnerability_and_adaptation/application/pdf/casa__carnegie-ames-stanford_approach__model.pdf
https://www.ars.usda.gov/southeast-area/oxford-ms/national-sedimentation-laboratory/watershed-physical-processes-research/docs/revised-universal-soil-loss-equation-rusle-welcome-to-rusle-1-and-rusle-2/
https://unfccc.int/files/adaptation/methodologies_for/vulnerability_and_adaptation/application/pdf/casa__carnegie-ames-stanford_approach__model.pdf
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consensus about a set of most relevant influence factors. Then the nodes will becreated using the software Netica.o A set of links representing the (directed) causal relationships or dependenciesbetween these nodes. In the next step, the relationships between the nodes areincluded as directed links (causal relationships) in the network. The resulting networkwill be reviewed by other experts, and by the relevant stakeholders. During theprocess, it is often necessary to return to the previous step and define new nodes orredefine existing nodes. The link between two nodes will be created using Netica.o A set of probabilities specifying the belief that a node will be in a particular state foreach combination of its parent nodes’ states (Conditional Probability Tables - CPTs).The links between nodes in a BBN are represented by conditional probability tables,where a probability distribution of a child node is defined for every combination ofstates of its parent nodes. Depending on the availability of data or models, variousmethods can be used to populate CPTs, from expert elicitation to “learning” fromdata. During this process, we may find it necessary to return to previous steps andredefine the nodes, their states, or the links between them. In Netica, the CPTs canbe filled either manually or through equations.o The final step is to test, evaluate, and update the BBN. Once all the CPTs in the BN arefilled, the network can be compiled. Then, it can be tested by entering “evidence”.The evidence is propagated through the network by inference, and we can observethe resulting probabilities in other nodes. The BN and its behaviour under differentmanagement and climate scenarios will be presented to experts and stakeholders,and evaluated by them. Afterwards, their feedback will be used to adjust the structureof the network, the states of the variables, or to update the CPTs.
 Landscape dynamic models: These are the models that will be used are the state-of-the-artAI algorithms for image classification on satellite images. Specifically, the Object-orientedimage analysis will enhance the image classification analysis by incorporating a segmentationprocess in the pipeline of the analysis. This will take into account both spectral and spatialcharacteristics of the individual pixels in order to group them and produce cleaner results ata high-resolution. As a result, the models will be applied in a time-series of satellite imagesand the classification schema will be produced for different periods of time. The outcomes ofthe models and the classification schemes will be assessed and validated using imageinterpretation on high-resolution satellite or airborne imagery.

3.1.8 Back-ends
This section provides a technical description of the main back-ends 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.

3.1.8.1 GUARDEN Contextualizable Dashboard back-end
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.

https://www.norsys.com/WebHelp/NETICA.htm
https://www.norsys.com/WebHelp/NETICA.htm
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Programming Languages and Technologies: The GUARDEN DSAs and their interfaces will be
developed using open-source standards, involving the utilisation of a mixture of programming
languages and technologies organised into client-side and server-side categories:
Client-Side languages/technologies: Client-side 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 onlineapplication are all handled by client-side languages like HTML, CSS, and JavaScript. Client-side code isdownloaded and run on a user's device when they browse a web page.
Client-side languages are used to design an engaging and visually appealing user experience. Webpage structure is determined by HTML, visual styling is handled by CSS, and functionality is added tothe page via JavaScript. Rendering the user interface, managing user interactions, and sendingasynchronous data requests to the server are the main concerns of client-side code.
Here is a list of the client-side languages and technologies as referenced in the aforementionedarchitecture:
1. HTML (Hypertext Markup Language): Content on the web is often organised and presented usingHTML, a markup language. It offers a collection of tags that specify the structure and design of a web-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 Sheets): CSS is a language for creating style sheets that describe how HTMLcontent 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 the layout,colours, fonts, and other visual features of a web-page.

FIGURE 5- BASIC ARCHITECTURE OF THE GUARDEN DSAS.


