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1 Executive Summary 

Deliverable D2.6 presents the final 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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2 Introduction  
'5!2$%.ȭÓ ÍÁÉÎ ÍÉÓÓÉÏÎ ÉÓ ÔÏ ÓÁÆÅÇÕÁÒÄ ÂÉÏÄÉÖÅÒÓÉÔÙ ÁÎÄ ÉÔÓ ÃÏÎÔÒÉÂÕÔÉÏÎÓ ÔÏ ÐÅÏÐÌÅ ÂÙ ÂÒÉÎÇÉÎÇ 

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 the final version of the GUARDEN system architecture design and 

technical specifications following the initial version delivered in D2.5. It provides both the 

functional and non-functional requirements concerning performance, scalability, security and 

privacy aspects. 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.  
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2.1 Mapping GUARDEN outputs 
This section presents the GUARDEN Grant Agreement (GA) commitments, as extracted from the 
formal deliverable and task description, in respect to their outputs and work to be performed. The 
purpose is to aid the reviewer in finding the specific sections of the document where the respective 
ÔÁÓËÓȭ ÒÅÑÕÉÒÅÍÅÎÔÓ ÁÒÅ ÁÄÄÒÅÓÓÅÄ ÂÕÔ ÁÌÓÏ ÔÏ ÇÕÉÄÅ ÔÈÅ ÁÕÔÈÏÒ ÔÈÒÏÕÇÈ ÁÎÄ ÓÅÒÖÅ ÁÓ Á ÃÈÅÃËÌÉÓÔ ÔÏ 
address everything that is needed to be addressed. 

  

TABLE 1: ADHERENCE TO GUARDEN GA DELIVERABLE & TASKS DESCRIPTIONS 

GUARDEN GA 
Component 

Title 

GUARDEN 
GA Component Outline 

Respective 
Document sections 

Justification 

TASKS 

Task 2.4 
GUARDEN 
System 
Architecture 
Design and 
Technical 
Specifications 

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

Section 3-6 

Section 3 provides a global 
overview of the architecture 
of GUARDEN system, 
Sections 4 and 5 then focuse 
on the functional 
description and technical 
requirements of the 
different components of 
the system and on their 
interactions, while section 6 
provides an overview of the 
standards and common 
exchange formats to be 
used within GUARDEN 
system.   
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functional blocks (to be used 
as the basis for the 
subsequent detailed 
specification of each 
component) and supported 
primitives and interfaces.  

Deliverable ɀ D2.6 - GUARDEN system architecture design and technical specifications - Final: 

 
Final version with the technical specifications. 

  

2.2 Deliverable Overview and Report Structure 
The document is organized as follows: Section 3 presents an update of the global overview of the 
GUARDEN system's architecture. In Section 4, the detailed requirements of the system's individual 
components are provided. In addition to the functional requirements (updated from D2.5), we 
specify the interfaces (that define the inputs, outputs, format and constraints on those inputs and 
outputs) as well as the non-functional requirements (performance, scalability, security and privacy 
aspects). Section 5 then specifies the implementation of the interactions among the different 
components while in section 6, the standards and common exchange formats to be employed 
within the GUARDEN system are thoroughly described.   
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3 Global Architecture overview 
GUARDEN 's global architecture is shown in Figure 1. It has four main layers: (i) top-layer: end-user 

applications/front-ends, (ii) second layer: web services & business logic layer, (iii) third layer: 

modelling and data access layer and (iv), bottom layer: data storage layer.  The components are 

classified in three categories:  

Key technologies of GUARDEN system (green boxes): those are the 13 main technologies that will 

be developed within GUARDEN and that are intended to be used by external end-users or 

stakeholders (in addition to internal use).  They have been defined according to the output of tasks 

T2.1 and T2.2 of the project. Hence, each of them is associated with a Tech Card, i.e., a descriptive 

notice aimed at being shared with stakeholders (in particular those involved in GUARDEN case 

studies). The numbering (and URL) of the Tech Card corresponding to each key technology is 

provided within each green box of  Figure 1.  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 

ÉÓ ÁÌÒÅÁÄÙ ÕÓÅÄ ÂÙ ÍÉÌÌÉÏÎÓ ÏÆ ÕÓÅÒÓ ÂÕÔ ÔÈÁÔ ×ÉÌÌ ÂÅ ÅØÔÅÎÄÅÄ ÔÏ ÍÅÅÔ '5!2$%.ȭÓ ÏÂÊÅÃÔÉÖÅÓȢ -ÏÓÔ 

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, interaction modelling tool). 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, EVA database, GLOBI, etc. More details are provided in section 4.3. 
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FIGURE 1 - GLOBAL OVERVIEW OF GUARDEN SYSTEM ARCHITECTURE 
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4 #ÏÍÐÏÎÅÎÔȭÓ ÄÅÓÃÒÉÐÔÉÏÎ ÁÎÄ ÒÅÑÕÉÒÅÍÅÎÔÓ  
This section provides a detailed overview of the components of GUARDEN's global architecture as 
well as their technical requirements.   

4.1 Key technologies of GUARDEN system 
This section focuses on the main technologies developed within GUARDEN (whereas further 
sections focus on internal components of the system). These technologies have been carefully 
chosen based on the project's objectives and the outputs of tasks T2.1 and T2.2. There are 13 key 
technologies that will serve external end-users and stakeholders, offering valuable tools and 
features.  

4.1.1 Decision Support Applications (front-ends) 
 

GUARDEN Contextualisable Dashboard (Human Machine Interface) 

tech card:  n°12 hosting: guarden.org Priority: Must Have 

Overview: A unified interface which integrates all the necessary GUARDEN system components 
ÂÁÓÅÄ ÏÎ ÔÈÅ ÕÓÅ ÃÁÓÅÓȭ ÎÅÅÄÓ ÉÎ ÏÒÄÅÒ ÔÏ ÅÎÈÁÎÃÅ ÔÈÅ ÕÓÅÒȭÓ ÅØÐÅÒÉÅÎÃÅ ÔÈÒÏÕÇÈ ÕÎÉÑÕÅ 
Decision Support Applications (DSAs). The graphical Human Machine Interface (HMI) will be 
implemented, by leveraging the components of eBOS Platform in order to tailor the solution to 
the project's unique requirements.  

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

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

Functional requirements ID, description and priority: 

¶ User Authentication 
o Description: Users should log in with a username and password. 
o Priority: M (Must have) 

¶ User Roles and Permissions 
o Description: Define roles such as Use Case Leader and Volunteers with 

appropriate permissions. 
o Priority: M (Must have) 

¶ Data Visualization 
o Description: Display uploaded data on a map within the DSAs. Provide 

visualization of raw data, graphs, and results. 
o Priority: M (Must have) 

¶ Integration with External APIs 

https://cloud.guarden.org/f/21204
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o Description: Support alternative external APIs like Pl@ntNet or Bird Sound 
Identification apps. 

o Priority: M (Must have) 

¶ Geolocation Tagging 
o Description: The system must tag each photo with the geographic location. 
o Priority: M (Must have) 

¶ Data Analysis and Reporting 
o Description: The DSAs must have built-in data analysis and reporting features. 
o Priority: M (Must have) 

¶ Data Export 
o Description: Capability to export comprehensive reports and vector information. 
o Priority: M (Must have) 

¶ Scenario-Based Analysis 
o Description: Enable users to select parameters affecting the environment and 

adjust information accordingly. 
o Priority: M (Must have) 

¶ Exporting Biodiversity Data 
o Description: The DSAs should have the ability to export biodiversity data in 

different formats to use them in vectorial programs and make reports. 
o Priority: S (Should have) 

Interface (with other components) 
 
Type of interface: The GUARDEN Dashboard serves as a comprehensive web-based platform for 
stakeholders to interact with biodiversity, ecosystem service data, and ecosystem assessments. 
Integrated with various tools and apps, including Pl@ntNET, GeoPl@ntNET, Bird Sound ID tool, 
MINKA, Landscape Dynamics Mapping tool, and Species Interactions Mapping Tool, it offers a 
range of functionalities. Pl@ntNET and GeoPl@ntNET APIs enable species identification, 
observation history access, and biodiversity indicator retrieval. The Bird Sound ID tool facilitates 
bird species identification through an API. MINKA, a citizen observatory, enables users to record, 
validate, and share biodiversity observations, fostering community engagement. The Landscape 
Dynamics Mapping tool, integrated via GeoServer, delivers Land Use/Land Cover (LU/LC) maps 
for monitoring landscape changes. The Species Interactions Mapping Tool processes species 
occurrence data to visualize known interactions. Additionally, the Dashboard integrates the 
Future Trajectories of Ecosystem Services framework, enabling stakeholders to assess spatially 
ÅØÐÌÉÃÉÔ ÉÎÆÏÒÍÁÔÉÏÎ ÏÎ ÅÃÏÓÙÓÔÅÍÓ ÁÎÄ ÒÅÌÁÔÅÄ .ÁÔÕÒÅȭÓ #ÏÎÔÒÉÂÕÔÉÏÎÓ ÔÏ 0ÅÏÐÌÅ ɉ.#0ÓɊȢ 4ÈÅÓÅ 
tools collectively empower stakeholders to make informed decisions regarding biodiversity 
conservation, ecosystem management, and sustainable development. 
 
Available services / features:   

¶ Access to biodiversity and ecosystem service data visualization. 

¶ Single and multispecies identification using Pl@ntNET API. 

¶ Access to the history of single species observations and vegetation plots. 

¶ Visualization of case studies covered by GeoPl@ntNET. 

¶ Biodiversity indicators retrieval at specific locations/areas within case studies via 
GeoPl@ntNET API. 
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¶ Predicted species lists with detailed information at particular locations/areas inside case 
studies using GeoPl@ntNET API. 

¶ Bird species identification using Bird Sound ID tool. 

¶ Recording, validation, and sharing of biodiversity observations through MINKA. 

¶ Integration with the Future Trajectories of Ecosystem Services framework for spatially 
explicit ecosystem assessment. 

¶ Pre-defined queries overlaying ecosystem service maps with base maps. 

¶ Adjustment of parameters to visualize the impact of management priorities on 
biodiversity. 

¶ Graphs indicating changes in biophysical, social, and economic values accompanying 
scenario maps for informed decision-making. 

Non-Functional requirements 

¶ Performance 

o Description: DSAs should handle a large volume of concurrent users during peak 
times efficiently. 

¶ Security 

o Description: The system must comply with industry standards for data security 
and user privacy. 

¶  Usability 

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

¶ Errors management 

o Make sure users understand the difference between observed vs. predicted data 
ɉϾȰÐÒÏÖÅÎ ÐÒÅÓÅÎÃÅȱ ÖÓȢ ȰÐÒÏÂÁÂÌÅ ÐÒÅÓÅÎÃÅȱɊ 

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

o Provide pointers to popularized documentation explaining how predictions 
work. 

 

GeoPl@ntNet 

tech card:  n°13 hosting: plantnet.org Priority: Must Have 

Overview : GeoPl@ntNet is a web application that makes biodiversity indicators easily accessible 
and understandable for everyone in the form of interactive maps and fact-sheets available at EU 
scale. Its development is inspired by an earlier prototype called AI-GeoSpecies, developed as part 
of the European project Cos4Cloud, but it is a completely new application within the Pl@ntNet 
platform. In particular, it is based on a new map server developed as part of GUARDEN (see 

https://cloud.guarden.org/f/26247
https://cos4cloud-eosc.eu/
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section 4.2.3), a new spatial data modulization and production workflow (also non-existent to 
date), major extensions to the Pl@ntNet back-end and a new web front-end.   

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

New UX/UI: 

¶ User experience focused around the map 

¶ Exploration of data on a European scale 

¶ Ease the exploration of all available map layers 

¶ Multiple user interactions to define an area of interest on the map (polygon, place 
ÓÅÁÒÃÈȟ ÇÅÏÊÓÏÎ ÕÐÌÏÁÄȣɊ 

¶ Automatically adapt the color scales to the region of interest to deal with scale 
dependencies of the indicators 

¶ Make the difference between observational data and predictions clearly visible and 
understandable to the user. Allow them to switch from one to the other for all indicators 
and all species.  

¶ Visualise the areas where predictions are reliable and where they are more uncertain 
 
European scale maps: 
 

¶ Plant species distribution maps on a European scale at 50x50m resolution (for about 11K 
plant species having at least one occurrence) 

¶ Biodiversity indicators maps on a European scale including 
o EUNIS Habitat (inferred from the list of present species among the 11K species) 
o Plant species richness (computed from the list of present species among the 11K 

plant species) 
o Tree species richness (computed from the list of present tree species among the 

700 tree species belonging to the 11K species) 
o IUCN endangered species (computed from the subset of plant species with a 

known IUCN status, i.e. 1634 species) 
o EU directive species (computed from the subset of plant species included in the 

EU directive list)Invasive species presence 
o Endemic or specialist species presence (computed from the 11K plant species) 
o Reliability maps for each indicator (in the form of a score between 0 and 1, 

computed from the logit values of the presence/absence classifiers)  

User defined area maps: 
 

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

https://www.figma.com/proto/j9IZHGV7FvwRAFfnHfJuRW/Pl%40ntNet-Identify?embed_host=share&kind=proto&node-id=3755-21723&page-id=3431%3A2127&scaling=scale-down&show-proto-sidebar=1&starting-point-node-id=3755%3A21723&t=r4MvuqnbUaM2d6iX-1&type=design&viewport=-30319%2C12482%2C0.72
https://eur-lex.europa.eu/legal-content/FR/TXT/HTML/?uri=CELEX:01992L0043-20130701#tocId84
https://eur-lex.europa.eu/legal-content/FR/TXT/HTML/?uri=CELEX:01992L0043-20130701#tocId84
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¶ Visualize the list of species present and/or potentially present in the user defined area 
(with their conservation status, population trend, illustrative image, pl@ntnet species 
page link)   

¶ Visualize biodiversity indicators statistics on the user defined area 
o EUNIS Habitats proportions 
o Average Shanon index  
o Overall species richness 
o Overall tree species richness 
o Overall number of IUCN endangered species 
o Overall number of EU directive species 
o Overall number of Invasive species  
o Overall number of specialist or endemic species 

¶ Visualize a reliability score for each indicator 

 

FIGURE 2 - EXAMPLE OF A SCREEN OF GEOPL@NTNET V2 MOCK-UP. 
 

 
Interface (with other components) 
 
Type on interface: web application (graphical user interface) 
 
Exchange data formats / standards: 

¶ maps are provided in WMS format by the map server  

¶ User defined area data provided in json format by GeoPl@ntNet API  

¶ Species images and other provided in jpeg through urls (pl@ntnet hosting) 

¶ Other species data provided in json by Pl@ntNet API 

¶ GBIF occurrences provided in json by GNBIF API 
 

Hosting: plantnet.org  
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Non-functional requirements 
 

¶ Errors management: 
o make sure users understand the difference between observed and predicted 
ÄÁÔÁ ɉϾȰÐÒÏÖÅÎ ÐÒÅÓÅÎÃÅȱ ÖÓȢ ȰÐÒÏÂÁÂÌÅ ÐÒÅÓÅÎÃÅȱɊ 

o explain to users the meaning of the predicted probabilities of species presence 
shown on the maps 

o ÐÒÏÖÉÄÅ Á ÃÏÎÆÉÄÅÎÃÅ ÍÁÐ ÏÆ ÔÈÅ ÍÏÄÅÌȭÓ ÐÒÅÄÉÃÔÉÏÎÓ 
o provide pointers to popularized documentation explaining how predictions 

work 

¶ Sensitive data management: 
o Generalize Sensitive Species Occurrence Data based using  GBIF 

recommendations   
o Provide access to sensitive species maps only to authorized accounts 

(authorities, conservation stakeholders , etc.) 

¶ Performance: 
o The application must load quickly 
o Maps visualization must respond to user interactions within acceptable time 

frames (seconds). 
o User defined areas queries must respond to user interactions within acceptable 

time frames: 
o a few seconds for areas below 10x10km or for pre-computed large areas (e.g. 

departments, countries)  
o a few dozens of seconds for areas below 100x100km 
o The application should be able to handle concurrent user requests efficiently 

without significant performance degradation. 

¶ Scalability: 
o The system should be designed to handle a potentially large number of 

concurrent users accessing biodiversity indicators across the EU scale. 
o It should be capable of scaling horizontally to accommodate increased user 

demand without compromising performance. 

¶ Reliability: 
o The application must be highly reliable, ensuring minimal downtime and 

robustness against failures. 
o It should include mechanisms for error handling and graceful degradation to 

ensure uninterrupted user experience in case of unexpected issues. 

¶ Security: 
o Access to sensitive information and administrative features should be restricted 

based on user roles and permissions. 
o Measures such as encryption, secure authentication, and data validation should 

be implemented to prevent unauthorized access and data breaches. 

¶ Interoperability:  
o The application should be interoperable with existing systems within the 

Pl@ntNet platform, leveraging standardized protocols and data formats. 
o It should facilitate seamless integration with external systems and APIs for data 

exchange and collaboration. 
o Compatibility with various web browsers and operating systems should be 

ensured to maximize accessibility. 
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¶ User Experience (UX): 
o The application should provide an intuitive and user-friendly interface, allowing 

users to easily navigate through interactive maps and fact-sheets. 
o Visualizations and information should be presented in a clear and 

understandable manner to cater to a diverse audience. 

¶ Compliance: 
o The application should adhere to ethical guidelines for handling sensitive 

biodiversity data and respect intellectual property rights. 
o Licensing terms for third-party components and data sources should be properly 

documented and adhered to. 

¶ Performance Monitoring and Analytics: 
o The application should include monitoring tools to track key performance 

metrics such as response time, uptime, and resource utilization. 
o Analytics capabilities should be integrated to gather insights into usage patterns 

for continuous improvement. 

 

Citizen Science data visualization  

tech card:  n°7 hosting: minka-sdg.org Priority: Could Have 

 
Overview: The Citizen Science Data Visualization platform is an innovative digital service 
designed to empower decision-makers by providing them with a robust, interactive dashboard 
that leverages citizen science data for evidence-based decision-making. It is tailored to support 
multi-stakeholder initiatives, where diverse data sources from citizen observations are 
consolidated, analyzed, and visualized to facilitate informed deliberation and strategic planning. 
This platform operates as an extension of the Minka website, specifically designed to enhance 
the accessibility and usability of data collected through citizen science initiatives. By integrating 
advanced data processing and visualization tools, the platform transforms raw citizen-
contributed data into actionable insights that can directly inform project planning, policy 
development, and community engagement efforts. 
The system uses Python as its core programming language to extract, process, and analyze data. 
It incorporates Plotly and Folium for dynamic data visualization, and Streamlit for creating an 
intuitive, interactive interface. These tools combine to offer a seamless user experience, 
allowing stakeholders to explore and interpret complex datasets in a user-friendly environment. 
The platform's primary objective is to enable project managers, researchers, and other 
stakeholders to make data-driven decisions by providing them with customizable dashboards 
that can address a wide range of questions related to biodiversity, taxonomy, biological 
research, and community participation. The platform also plays a critical role in promoting 
transparency and collaboration among various stakeholders by providing a common ground for 
data exploration and discussion. 
 

 
Functional Requirements 
 

¶ Data Source & Integration: The platform is deeply integrated with the MINKA citizen 
observatory, a comprehensive database of biodiversity observations contributed by 
citizens. The data is accessed via the Minka API, a robust interface that allows for 
seamless extraction of relevant datasets. To streamline the data extraction process, a 
custom Python library, mecoda-minka, was developed under the Cos4Cloud European 

https://cloud.guarden.org/f/21196
https://github.com/eosc-cos4cloud/mecoda-minka
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project. This library simplifies the interaction with the Minka API, enabling efficient data 
retrieval and manipulation. 
 

¶ Dashboard Development: The core of the platform's functionality is built on Streamlit, 
an open-source Python framework that allows developers to create and deploy 
interactive web applications with ease. Streamlit's simplicity and flexibility make it an 
ideal choice for developing custom dashboards that cater to the specific needs of 
different stakeholders. The dashboards feature interactive plots created using Plotly, a 
powerful Python graphing library known for its ability to generate high-quality, 
customizable visualizations. Additionally, the platform utilizes Folium, a Python library 
specifically designed for visualizing geospatial data, to create interactive maps that 
provide spatial context to the observations and analyses. 
 

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

¶ Co-Design Process: The development of each dashboard is guided by a co-design 
process, ensuring that the needs and expectations of all stakeholders are thoroughly 
understood and incorporated into the final product. This collaborative approach involves 
direct engagement with project managers, researchers, and community members 
during the design phase. Through workshops, interviews, and iterative feedback 
sessions, the platform developers gather insights into the specific questions and 
challenges that stakeholders face, allowing them to create dashboards that are not only 
functional but also directly aligned with the users' objectives. This participatory design 
process ensures that the platform is both user-centric and capable of addressing real-
world issues effectively. 
 

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

 
These are some screen prints of the BioPlatgesMet dashboard: 

https://minka-sdg.org/projects/bioplatgesmet
https://dashboard.minka-sdg.org/bioplatgesmet/
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FIGURE 3 - CITIZEN SCIENCE APP. 

 
 

 
Interface (with other components) 
 
Type of Interface:    

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

¶ While the service does not integrate with other external components, it serves as a 
comprehensive user-facing platform that enables users to interact with and analyze 
citizen science data in a meaningful way. 
 

Provided Services/Features: 

¶ Tabular Data Display: Users can explore raw data in a tabular format, providing a detailed 
view of the underlying observations and metrics. 

¶ Interactive Plots: The platform supports a wide range of interactive plots, allowing users 
to visualize data trends, correlations, and patterns. 

https://github.com/eosc-cos4cloud/mecoda-minka
https://github.com/eosc-cos4cloud/mecoda-minka
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¶ Geospatial Maps: Folium-powered maps enable users to visualize geospatial data, such 
as the distribution of species or environmental changes across different regions. 

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

¶ CSV: Raw data can be downloaded in CSV format for further analysis or reporting. 

¶ PNG: Visualizations, including plots and charts, can be exported as PNG images for use 
in presentations or publications. 

¶ HTML: Interactive maps are exportable as HTML files, allowing users to share and embed 
them in other platforms or reports. 

 

 
Non-functional requirements 

¶ Quality Assurance: Ongoing quality tests are being conducted to ensure that the 
platform meets high standards of performance, reliability, and user satisfaction. These 
tests involve rigorous validation of the data processing and visualization components, as 
well as user tesÔÉÎÇ ÔÏ ÁÓÓÅÓÓ ÔÈÅ ÐÌÁÔÆÏÒÍȭÓ ÕÓÁÂÉÌÉÔÙ ÁÎÄ ÒÅÓÐÏÎÓÉÖÅÎÅÓÓȢ 
 

¶ Privacy: The platform uses only public data provided through the Minka API, which 
means there are no significant privacy concerns. All data displayed on the platform is 
already available to the public, ensuring that the platform complies with data protection 
regulations and ethical guidelines. 
 

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

 

¶ Performance/Scalability: To maintain optimal performance, the platform employs cache 
mechanisms that reduce the load on servers and improve response times. These 
mechanisms ensure that the platform can handle increasing amounts of data and user 
activity without compromising on speed or functionality. Scalability has been a key 
ÃÏÎÓÉÄÅÒÁÔÉÏÎ ÉÎ ÔÈÅ ÐÌÁÔÆÏÒÍȭÓ ÄÅÓÉÇÎȟ ÁÌÌÏ×ÉÎÇ ÉÔ ÔÏ ÇÒÏ× ÁÎÄ ÁÄÁÐÔ ÁÓ ÔÈÅ -ÉÎËÁ 
observatory expands and more citizen science data becomes available. 

 

4.1.2 Data collection Apps  
 

Pl@ntNet app 

tech card:  n°2 hosting: plantnet.org Priority: Must Have 

https://cloud.guarden.org/f/21186
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Overview: Pl@ntNet is a citizen science platform and information system that relies on Artificial 
Intelligence (AI) to facilitate the identification and inventory of plant species. It has three main 
front -ends: Pl@ntNet androïd, Pl@ntNet iOS and Pl@ntNet web. Pl@ntNet is based on a 
cooperative learning principle as illustrated on Figure 4 below. The Pl@ntNet user community 
generates a large number of plant observations in the field.  An observation can contain from 
one to five images of the observed specimen and a set of metadata such as the date of 
observation, the GPS (Global Positioning System) coordinate, or the type of view of image 
(flower, leaf, fruit, entire plant, etc.). Each observation is automatically identified by an AI 
algorithm (detailed later in this section) and the candidate recognized species are returned to 
the observer for confirmation. All observations are stored in a database and can be reviewed by 
the community. A user can typically confirm the initial species name shared by the observer (with 
the help of the AI) or propose an alternative species name. Only the observations that reach a 
sufficient degree of confidence are labelled as valid observations and are added to the training 
set of the AI model. To take into account the new observations and revisions made by the 
community, the model is retrained regularly. This is typically done on a monthly basis (rather 
than, e.g., a daily basis) to limit energy consumption and carbon emissions.  
 

 
 
FIGURE 4 - SCHEMATIC VIEW OF THE COOPERATIVE LEARNING WORKFLOW OF PL@ANTNET  
 

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

http://bit.ly/1K4D1eU
http://apple.co/2cMtWgu
https://identify.plantnet.org/
https://powo.science.kew.org/
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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2- Pl@ntNet's second major progression requirement within GUARDEN is to develop new 
features for vegetation plots records rather than individual plant records as is currently the case.  
A user must be able to: 

¶ create an observation plot with associated metadata (title, description, date) 

¶ populate an observation plot with HD images of the plot 

¶ automatically identify the species in the HD image(s) of an observation plot 

¶ populate an observation plot with existing Pl@ntNet observations 

¶ manage the list of species names present in the plot 

¶ record the abundance of each species present in the plot  

¶ record the coverage percentage of each species in the plot 

¶ record the phenological stage of each species in the plot 

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

¶ publish plot observations in a Pl@ntNet group 

¶ publish plot observations in GBIF 

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

¶ Improving the mobile experience to facilitate use directly in the field 

¶ Focus on the species list to quickly fill up the survey 

¶ Add a vegetation plot survey to a Pl@ntNet group to share it with a community of users 
working on the same survey campaign. Surveys organizers can create a group dedicated 
to a specific campaign and gather all the surveys made by different users in the same 
place. 

¶ Add a geolocation to a vegetation plot survey 

¶ Show all surveys of a group on a map 
A mockup of those new features has been created with figma software. Some screenshots are 
provided in Annex 1.   
 
3- The third new feature of Pl@ntNet is to enable the import of observations by batch within the 
database. Many institutions and private individuals have large batches of plant observations that 
they would like to share on the platform.  However, importing observations at present can only 
be done by uploading them one by one, which would take a considerable amount of time. This 
is a major obstacle to the integration of existing data, particularly for the rarest species and the 
least surveyed regions. A new interface is being developed in the Pl@ntNet web application to 
enable plant observations to be imported in batches. This interface enables to: 

¶ Select a batch of images using the file explorer 

¶ Import images and exif data if available 

¶ Import metadata associated with images in the form of a CSV file provided by the 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 
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Interface (with other components) 
 
Type on interface: RESTful API 
 
Request and Response Formats: JSON format  
 
Endpoint: https://my-api.plantnet.org/  
 
API Documentation:  

¶ web portal: https://my.plantnet.org/  

¶ swagger documentation: https://my-api.plantnet.org/  
 
Services provided:  

¶ Get Pl@ntNet observations (by date, geo-loc, taxon id, licence, etc.): route in 
development 

¶ Get Pl@ntNet vegetation plot surveys (by date, geo-loc, author): route to be developed  

¶ Identify the species of a vegetation plot image (e.g., quadrat): route in beta version  

¶ Identify the species of an observation (1 to 5 images of a plant): route in production  
o post: https://my-api.plantnet.org/#/my-api/postV2IdentifyProject  
o get: https://my-api.plantnet.org/#/my-api/getV2IdentifyProject  

 

Non-functional requirements 
 

¶ Performance/Scalability: Pl@ntNet performance in terms of response time and servers 
ÌÏÁÄ ÉÓ ÃÏÎÔÉÎÕÏÕÓÌÙ ÍÏÎÉÔÏÒÅÄ ÕÓÉÎÇ Ȱ-ÕÎÉÎȱ ÕÔÉÌÉÔÙȢ )Ô ÉÓ ÕÓÅÄ ÔÏ ÌÁÕÎÃÈ ÁÌÅÒÔÓ ÉÎ ÃÁÓÅ ÏÆ 
overloads and to identify the required improvements in terms of hardware (new GPU 
server, new data storage server, etc.). It is also used to analyze the dataflow and the 
workflow in the long term so as to identify bottlenecks and potential improvements in 
terms of software and architecture. 

 

¶ Quality and validation: Pl@ntNet has a set of mechanisms guaranteeing service 
availability and quality: (i) The whole Pl@ntNet system is backed up continuously 
through several mechanisms (virtualization platform for the backup of the image 
servers, physical replication of the dÁÔÁÂÁÓÅÓ ÆÏÒ ÔÈÅ ÐÈÙÓÉÃÁÌ ÓÅÒÖÅÒÓȟ ÄÏÃËÅÒÓȭ 
containers for the image recognition engine). (ii) Pl@ntNet integrates a continuous 
qualification platform, in particular for the image recognition engine and API. It 
continuously monitors the quality of the recognition and reports any issue. In particular, 
it ensures the non-regression of the deployed deep learning models (that are trained 
regularly based on the newly collected data and newly available architectures). (iii) 
Ȱ-ÏÎÉÔȱ ÕÔÉÌÉÔÙȡ  Ȱ-ÏÎÉÔȱ ÉÓ ÁÎ ÏÐÅÎ-source utility for managing and monitoring unix 
systems. Monit conducts automatic maintenance and repair and executes meaningful 
ÃÁÕÓÁÌ ÁÃÔÉÏÎÓ ÉÎ ÅÒÒÏÒ ÓÉÔÕÁÔÉÏÎÓȢ 7ÉÔÈÉÎ 0ÌͽÎÔ.ÅÔȟ Ȱ-ÏÎÉÔȱ ÉÓ ÉÎ ÃÈÁÒÇÅ ÏÆ ÍÏÎÉÔÏÒÉÎÇ 
and maintaining the databases (image and observations datastores), the hardware 
ÁÖÁÉÌÁÂÉÌÉÔÙ ÁÎÄ ÔÈÅ ÉÍÁÇÅ ÒÅÃÏÇÎÉÔÉÏÎ ÅÎÇÉÎÅ ÁÖÁÉÌÁÂÉÌÉÔÙȢ Ȱ-ÏÎÉÔȱ ÉÎÃÌÕÄÅÓ ÓÅÖÅÒÁÌ ÁÌÅÒÔ 
functionalities allowing a quick human intervention in case of problem not solved by the 
ÁÕÔÏÍÁÔÉÃ ÒÅÐÁÉÒÉÎÇ ÁÃÔÉÏÎÓȢ ɉÉÖɊ Ȱ0-Τȱ ÕÔÉÌÉÔÙȡ 0-Τ ÉÓ Á ÐÒÏÃÅÓÓ ÍÁÎÁÇÅÒ ÆÏÒ .ÏÄÅȢÊÓ 
applications. It keeps the Pl@ntNet APIs alive and reloads/restarts them with zero 
downtime. It also manages the load balancing. (v) Google Analytics: Google Analytics is 

https://my-api.plantnet.org/
https://my.plantnet.org/
https://my-api.plantnet.org/
https://my-api.plantnet.org/#/my-api/postV2IdentifyProject
https://my-api.plantnet.org/#/my-api/getV2IdentifyProject
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a freemium web analytics service offered by Google that tracks and reports website 
traffic, currently as a platform inside the Google Marketing Platform brand. In Pl@ntNet, 
it is used to monitor the client applications, i.e. the Android, iOS and web clients. It 
integrates an alert system in case of an abnormal rate of crashes of clients. 

 

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

 

¶ Sensitive data management: 
o Generalize Sensitive Species Occurrence Data based using  GBIF 

recommendations   
o Provide access to sensitive data only to authorized accounts (authorities, 

conservation stakeholders , etc.) 
 

¶ Security: 
o Secured communication protocol with exchanges encryption via https 
o Authentification and user access control via JSON Web Tokens (JWTs) providing 

different user roles and access levels  
o Data security: data servers accessible via ssh or vpn, data acsess using TLS >= 1.2 

(ssh, https), and NFSv4 
 

¶ Privacy: The terms of use of Pl@ntNet application have to be accepted when installing 
ÔÈÅ ÍÏÂÉÌÅ ÁÐÐÌÉÃÁÔÉÏÎ ÁÎÄ ÁÒÅ ÁÃÃÅÓÓÉÂÌÅ ÏÎ ÔÈÅ ×ÅÂ ÖÅÒÓÉÏÎ ÂÙ ÃÌÉÃËÉÎÇ ÏÎ ȰÔÅÒÍÓ ÏÆ 
ÕÓÅȱ ÁÔ ÔÈÅ ÂÏÔÔÏÍ ÏÆ ÔÈÅ ×ÅÂ ÁÐÐÌÉÃÁÔÉÏÎ home page. A GDPR (General Data Protection 
Regulation) risk analysis of Pl@ntNet was conducted by Inria's approval committee.  

 

MINKA data collection 

tech card:  nº6 hosting: minka-sdg.org Priority: Should Have 

Overview: MINKA is a citizen science platform for collecting biodiversity and environmental data 
focused on the sustainable development goals (SDGs). The platform supports the collection, 
storage and publication of the data. The observations are validated through a collaborative 
process that includes experts by training and by experience.  
 
-ÉÎËÁȭÓ ÆÒÏÎÔ ÅÎÄ ÉÎÃÌÕÄÅÓ Á ×ÅÂ ÁÐÐÌÉÃÁÔÉÏÎ ÂÕÉÌÔ ÉÎ 2ÕÂÙ ÏÎ 2ÁÉÌÓ ÁÎÄ Á ÍÏÂÉÌÅ ÁÐÐÌÉÃÁÔÉÏÎ 
available for Android and iOS devices. Dashboards and a Jupyter-based virtual research 
environment complement these user interfaces. The front end includes a publicly facing 
application programming interface (API) for programmatic access and an internal API that 
supports different system features. 
 

 
Functional requirements  
 
Minka operates on three foundational pillars: Registering Observations, Community Sharing, 
and Community Interaction, all aimed at advancing research related to SDGs. The platform offers 
several core features: 

https://docs.gbif.org/sensitive-species-best-practices/master/en/
https://docs.gbif.org/sensitive-species-best-practices/master/en/
https://identify.plantnet.org/
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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¶ Record Keeping: Users can securely document and manage their observations, with data 
stored in the cloud for easy access and retrieval. 

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

¶ Learning Opportunities: The platform provides users with opportunities to enhance 
their understanding of biodiversity, species identification, and environmental 
sustainability through community interaction. 

¶ Scientific Contribution: Observations undergo a validation process by the community. 
Once validated, they are designated as "Research-grade" and shared with global 
repositories for use in scientific studies. 

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

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

¶ Full Stack Web Application: The core functionalities are managed by a Ruby on Rails 
application that handles data management across the platform. 

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

¶ API: Documented according to the Open API standard, the API supports third-party 
ÉÎÔÅÇÒÁÔÉÏÎÓ ÁÎÄ ÔÈÅ -ÉÎËÁ ×ÅÂÓÉÔÅȭÓ ÆÒÏÎÔ-end. 

¶ Search Engine: ElasticSearch is used for indexing data, ensuring scalability and efficient 
performance. 

¶ PostgreSQL Database: -ÉÎËÁȭÓ ÄÁÔÁ ÉÓ ÓÔÏÒÅÄ ÉÎ Á 0ÏÓÔÇÒÅ31, ÄÁÔÁÂÁÓÅȟ ÅÎÈÁÎÃÅÄ ×ÉÔÈ 
PostGIS for geospatial data handling. 

¶ Background Jobs Queues: Managed by Ruby on Rails, the background jobs queue 
handles resource-intensive tasks asynchronously. 

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

Planned Enhancements: 

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

¶ User Experience: The web front-end will be optimized with refined iconography and 
improved navigation, making it easier for users to access information and manage their 
observations. The notification system for validated observations will also be enhanced 
to provide timely updates. 

¶ Data Collection: Minka will expand its data collection to include environmental variables, 
such as water temperature, allowing for a more comprehensive analysis of ecosystems. 

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

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

 
Interface (with other components) 
 
Type on interface: RESTful API, web interface and python library (mecoda-minka). 
 
Provided services /features: all of the functional requirements. 
 
Exchange data formats / standards: CSV, JSON, and DwC (Darwin Core). 
 
Documentation: Available through API Swagger at https://api.minka-sdg.org. 
 
Endpoint: https://minka-sdg.org  

 
Non-functional requirements 

¶ Performance/Scalability: MINKA has undergone significant improvements aimed at 
enhancing the user experience. These enhancements involve several changes to the 
platform, making it more intuitive and enjoyable for users. 
Improvements in Deployment Process. To streamline the deployment process and 
ensure error-free releases, MINKA has undergone significant enhancements. These 
improvements include the addition of a new Staging environment, facilitating clear 
differentiation between testing and production environments. Additionally, several 
Docker files have been updated to address issues encountered during the initial 
production release, enhancing the overall stability and reliability of the deployment 
process. 

¶ Quality: Throughout the development lifecycle of MINKA, rigorous quality assurance 
processes are being implemented to uphold consistent quality standards and ensure the 
proper functioning of the platform. These processes encompass a comprehensive set of 
measures including code reviews, unit testing, integration testing, and functional 
testing. Implemented at various stages from development to deployment, these 
measures are aimed at early identification and mitigation of potential issues, thereby 
minimizing risks. 

¶ Sensitive data management: Generalize Sensitive Species Occurrence Data based on 
GBIF occurrence 
 

¶ Privacy: MINKA's Terms of Use form a binding agreement governing user interactions, 
defining eligibility, acceptable use, and permissions. The terms also outline procedures 
for account deactivation and data removal, ensuring compliance with data privacy laws. 
The Privacy Policy outlines measures to safeguard user data, specifying storage locations 
and sharing protocols. It clarifies user rights, and consent management, and categorizes 
data collected, providing transparency and compliance with legal requirements. 
MINKA's cookie management system, compliant with the ePrivacy Directive and GDPR, 
grants users control over preferences. Users can consent to mandatory cookies, 

https://github.com/eosc-cos4cloud/mecoda-minka
https://minka-sdg.org/
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customize optional settings, and opt-out, demonstrating MINKA's commitment to 
ongoing consent management. 
MINKA introduces Consent Commons, a visual approach simplifying data practices. 
Intuitive icons convey aspects like data purpose, sharing, user rights, international 
transfers, and storage practices, reflecting MINKA's commitment to transparency and 
user empowerment in data privacy. 
MINKA offers diverse data licensing options for images, data sets, and audio files, 
including Creative Commons licenses. These options empower content creators with 
informed decisions about content use and sharing, fostering respect for intellectual 
property and creative rights within the MINKA community. 

 

4.1.3 Engagement App (front-ends) 
 

Augmented Reality Visualization Tool  

tech card: n°10 hosting: web  Priority: Could Have 

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

The overall GUARDEN AR solution is designed to support two different entities, the AR Content 
Management System (AR-CMS), and the mobile AR app. The solution supports the addition and 
curation of the content, the selection of appropriate content activation mechanisms, and the 
visualization and demonstration of storylines (including media, descriptions, quizzes, etc). The 
AR-CMS is a web-based application that allows the administrators and content owners to create 
campaigns and add content, and the AR mobile application (AR app) is designed to provide the 
generated immersive experiences to the end users. The AR CMS allows the administrator of the 
web-based application to create AR campaigns with Points of Interest (PoIs) on the map. The 
PoIs contain the content. Through the database that all information is stored, the users of the 
AR app access the AR content as soon as they reach the location of the PoIs. Finally, the AR app 
will communicate with other GUARDEN system elements to provide alternative experiences 
through image detection and sound recognition. 

 

https://cloud.guarden.org/f/21202
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FIGURE 5 - OVERVIEW OF THE AUGMENTED REALITY VISUALIZATION TOOL 
 
 

 
Functional requirements  

The AR application will support the visualization of 3D models and representation of biodiversity 
and ecosystem indexes to ensure engagement to biodiversity restoration and better understand 
the proposed models, simulations and services developed within GUARDEN. In more detail, to 
support collaboration and interoperability within the tools of GUARDEN, the functional 
requirements of the AR are the following: 

¶ 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. 

¶ 4ÈÅ !2 ÁÐÐ -534 ÉÎÉÔÉÁÔÅ ÔÈÅ ÃÁÍÐÁÉÇÎȭÓ ÁÓÓÅÓÓÍÅÎÔ ÆÏÒÍ ÕÐÏÎ ÃÏÍÐÌÅÔÉÏÎ  

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

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

¶ The AR app SHOULD retrieve and present biodiversity maps 

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

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

¶ The AR app COULD define an area of interest  

¶ The AR app COULD visualize the list of species present based on the user defined area.     

¶ The AR app COULD visualize biodiversity indicators related to the user defined area 
 

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

¶ Type on interface: RESTful API 
 

¶ Exchange data formats/standards: JSON format  
 

¶ Provided services/features: Content visualization using augmented reality features. 
 

¶ Documentation: In app tutorials provided. 
 

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

 

 
Non-functional requirements 
 

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

 

¶ Quality: AR back-end is developed using Test-driven development and CI/CD (Continuous 
Integration/Continuous Deployment) practices ensuring each new deployment is fully 
operational before reaching the production environment. Unit and integration tests are 
a fundamental part of the development life cycle covering a wide range of 
functionalities, edge cases and expected behaviors. Furthermore, the repository hosting 
ÔÈÅ #-3ȭ ÓÏÕÒÃÅ ÃÏÄÅ ÁÃÔÉÖÁÔÅÓ ÁÎ ÁÕÔÏÍÁÔÅÄ #)Ⱦ#$ ÐÉÐÅÌÉÎÅ ×ÉÔÈ ÅÁÃÈ ÃÏÄÅ ÕÐÄÁÔÅȢ 4ÈÉÓ 
pipeline runs all available tests, and if successful, compiles new software releases. These 
are then deployed to a staging Kubernetes cluster for further evaluation, before finally 
being deployed to the production environment. 

 

¶ Security: A combination of security protocols and best practices are applied on different 
levels of the AR-CMS architecture. 

o System Security: Each individual component that supports the functionalities of 
the AR application (back-end, front-end, database) is containerized using Docker 
and deployed on a Kubernetes cluster. The cluster nodes as well as the 
containers run in an isolated environment/subnet without direct exposure to the 
internet. Internet traffic reaches the containers on explicitly specified ports 
through an internet gateway featuring properly configured firewall rules. 

o Communication Security: Data traffic between the AR Application and CMS is 
encrypted using the Secure Socket Layer (SSL) protocol and no data is 
transmitted in plain text.  
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o Access Security: The AR back-end incorporates an authentication system that 
allows access only to authorized users. The system also defines user roles which 
map to specific permissions regarding data access and manipulation. At the API 
layer, authentication is implemented via the secure exchange of JSON Web 
Tokens (JWT), adhering to industry-standard protocols, with each API request. 

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

 

¶ Privacy: The terms of use of AR application have to be accepted when installing the 
ÍÏÂÉÌÅ ÁÐÐÌÉÃÁÔÉÏÎ ÁÎÄ ×ÉÌÌ ÂÅ ÁÃÃÅÓÓÉÂÌÅ ÉÎÓÉÄÅ ÔÈÅ 5ÓÅÒȭÓ ÐÒÏÆÉÌÅ ÂÙ ÓÅÌÅÃÔÉÎÇ  ÔÈÅ ÏÐÔÉÏÎ 
ȰÔÅÒÍÓ ÏÆ ÕÓÅȱȢ  4ÅÒÍÓ ÏÆ ÕÓÅ ×ÉÌÌ ÃÏÎÔÁÉÎ definitions of acceptable use, and permissions, 
along with procedures regarding account management and data handling, ensuring 
compliance with data privacy laws. 

 

4.1.4 Mapping tools (orchestration) 
 

Biodiversity indicators mapping tools  

tech card: n°11 hosting: plantnet.org Priority: Must Have 

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

 
Functional requirements 
The workflow will include the following processing elements:  

¶ run pre-trained Deep Species Distribution Model in inference mode on a spatial grid with 
a resolution up to 50x50m at EU scale (exact footprint in Annex 3). Input data of the 
Deep Species Distribution Model may include: 

o Copernicus data:  
Á Sentinel 2 RGB/NIR image patches anywhere in Europe (at 10x10m 

resolution) and at any month between 2014 and today (more details 
here) 

Á Monthly Landsat multivariate time-series (RGB, NIR, SWIR1, SWIR2) at 
any spatial position in Europe (30m resolution) from 2003 to today, at 
any position (more details here)  

o  Environmental rasters:  
Á 19  CHELSA bio-climatic variables at 1km resolution (as specified here) 
Á 4 CHELSA climatic variables time series per month from January 2000 to 

June 2019 (as specified here) 
Á Elevation data at 30x30m resolution (as specified here) 
Á Human footprint data (as specified here) 
Á Land Cover data (as specified here) 

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
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Á Soil attributes data (as specified here) 

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

¶ Compute indicators from the list of predicted species at any position in Europe including: 
o Shannon index 
o Species richness 
o Tree species richness 
o Presence/percentage of endangered species (according to IUCN red list) 
o Presence/percentage of protected species in the EU habitat directive  
o Presence/percentage of exotic invasive species (according to CABI or GRIIS) 
o Endemic or specialist species presence (based on p-value) 

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

o EUNIS habitat classification models 

¶ Store computed data in PostGIS database and tiff tiles 
 
 

 
FIGURE 6 - SCHEMATIC VIEW OF THE WORKFLOW TO CREATE THE BIODIVERSITY INDICATOR MAPS 
 

 
Interface (with other components):  

¶ Input models format: pytorch torch.nn.Module, pytorch torch.utils.data.DataLoader and 
pytorch torch.utils.data.Dataset 

¶ Species data provided in json by Pl@ntNet API 

¶ Output:  

o geospatial data stored in PostGIS database with PostgreSQL and geotiff files 
o maps accessible in WMS (Web Map Service). Here are examples of WMS URL : 

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

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://www.cabi.org/
https://griis.org/
https://eunis.eea.europa.eu/
https://maps.plantnet.org/guarden/herault/indicators?service=WMS&request=GetCapabilities&version=1.1.1
https://maps.plantnet.org/guarden/barcelona/indicators?service=WMS&request=GetCapabilities&version=1.1.1
https://maps.plantnet.org/guarden/cyprus/indicators?service=WMS&request=GetCapabilities&version=1.1.1
https://maps.plantnet.org/guarden/herault/references?service=WMS&request=GetCapabilities&version=1.1.1
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https://maps.plantnet.org/guarden/barcelona/references?service=WMS&request=GetCapabilities&version=1.1.1 
https://maps.plantnet.org/guarden/cyprus/references?service=WMS&request=GetCapabilities&version=1.1.1 
 
# Species 
https://maps.plantnet.org/guarden/herault/species/4218?service=WMS&request=GetCapabilities&version=1.1.1 
https://maps.plantnet.org/guarden/barcelona/species/227?service=WMS&request=GetCapabilities&version=1.1.1 
https://maps.plantnet.org/guarden/cyprus/species/531?service=WMS&request=GetCapabilities&version=1.1.1 
 

 
Non-functional requirements 

¶ Quality and Validation: 
o Evaluate the quality of the produced species and habitat distribution maps based 

on the test set of the GeoLifeCLEF 2024 challenge (using different metrics such 
as AUC, F1 score, Recall, Precision)  

o  Evaluate the quality of the presence probabilities estimates of the model (using 
expected calibration errors) based on the test set of the GeoLifeCLEF 2024 
challenge.  

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

 

¶ Performance: 
o Speed: The system should be capable of processing large volumes of data 

efficiently and delivering results within a reasonable timeframe, typically a few 
days to map an entire country  on a HPC cluster equipped with GPUs. This will 
require mechanisms  such as tiling and parallel processing.  

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

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

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

 

¶ Reliability: 
o Fault Tolerance: The system should be resilient to failures or disruptions, with 

mechanisms such as checkpointing and failover capabilities. 
o Reproducibility: Results should be reproducible, ensuring consistency across 

multiple executions of the workflow. 
 

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

 

¶ Version Control: Changes to the workflow should be tracked using version control 
systems to ensure traceability and manage codebase evolution. 

 

https://maps.plantnet.org/guarden/barcelona/references?service=WMS&request=GetCapabilities&version=1.1.1
https://maps.plantnet.org/guarden/cyprus/references?service=WMS&request=GetCapabilities&version=1.1.1
https://maps.plantnet.org/guarden/herault/species/4218?service=WMS&request=GetCapabilities&version=1.1.1
https://maps.plantnet.org/guarden/barcelona/species/227?service=WMS&request=GetCapabilities&version=1.1.1
https://maps.plantnet.org/guarden/cyprus/species/531?service=WMS&request=GetCapabilities&version=1.1.1
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¶ Documentation and Knowledge Transfer: Comprehensive documentation and 
knowledge sharing practices should be in place to facilitate maintenance by different 
developers over time. 

 

Mapping future trajectories of biodiversity and ecosystem services 

tech card: n°1 hosting: DSA backend  Priority: Must Have 

Overview:  This modelling framework will quantify and map the future states of biodiversity and 
ecosystem services (ES) at the European and case studies levels under different policy and 
climate scenarios. The effect of potential determinants (such as bio-climatic, land-use and socio-
economic parameters) on ecosystem services, will be assessed through a probabilistic approach, 
ÎÁÍÅÌÙ ÔÈÅ ÕÓÅ ÏÆ "ÁÙÅÓÉÁÎ "ÅÌÉÅÆ .ÅÔ×ÏÒËÓ ɉ"".ɊȢ "ÁÓÅÄ ÏÎ ÏÕÔÐÕÔÓ ÏÆ '5!2$%.ȭÓ ÔÏÏÌÓȟ ÓÕÃÈ 
as the Pl@ntNet biodiversity data or the Species Distribution Models, the implementation of 
various management strategies will be assessed in terms of their impact on the supply of 
selected ES, as well on the dynamics of change in emergent synergies and trade-offs among 
them. By combining information on biodiversity, ecosystem services and stakeholder 
perceptions and priorities this module will facilitate decision making processes by translating 
scientific knowledge on biodiversity to informed decisions for the sustainable management of 
ecosystem services and biodiversity. 
 

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

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

¶ Biodiversity data and indicators 

¶ Climate data 

¶ Land-use/cover (LULC) data 

¶ Species and habitat distribution maps 

¶ Earth observation data to produce vegetation indices 
2. Synergies and tradeoffs analysis to provide non spatially-explicit information on the 

effect of potential drivers on different ES; inputs may include: 

¶ Bio-climatic parameters 

¶ Socio-economic data on stakeholder priorities 
3. Development of Bayesian Belief Networks (BBNs) to describe interactions among ES 

within each case study. Data on the future scenarios of ES and biodiversity will be 
generated by: 

¶ Climate scenarios (Representative Concentration Pathways - RCPs, Shared 
Socioeconomic Pathways - SSPs) 

¶ Local management/Interventions scenarios 
4. Final maps of ecosystem service dynamics under different scenarios. These maps will 

illustrate the dynamics of ES change under different management and climate scenarios. 
Mapping will run on an open source online software called gBay (https://gbay.ethz.ch).   

 

 
Interface (with other components) 

https://cloud.guarden.org/f/21194
https://en.wikipedia.org/wiki/Representative_Concentration_Pathway
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¶ Type on interface (e.g. RESTfull API, python module, command line interface, etc.): 
outputs uploaded in the GUARDEN Decision Support Applications (DSAs) 

¶ Provided services /features: 
o Visualization of maps showing: i) spatial distribution of selected ecosystem 

services, ii) plural values of nature with relevance to human well-being, iii) areas 
in which trade-offs and synergies might emerge between biodiversity protection 
and sustainable development strategies (relevant to the new EU Green Deal 
objectives). 

o List of pre-defined queries which will allow the user to overlay the maps of 
ecosystem services with a set of selected base maps, such as protected area 
boundaries, land cover maps, areas of infrastructures, biodiversity hotspots and 
indicators (based on outputs from INRIA). 

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

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

¶ Exchange data formats / standards (e.g., json, WMS, jpeg, etc.): 
o Image files (e.g., JPEG) in case the user would need the final output (maps and/or 

graphs) as is   
o Raster files (.TIF), Vector files (.shp) and/or WMS services, in case the user wants 

to download the outputs for further analysis. 

¶ Documentation (e.g., swagger): 
o Method or pre-print paper (e.g., uploaded in Zenodo or arxiv) 
o For R code scripts, documentation will be provided either through R notebooks 

or GitLab 

¶ Endpoint (if already existing): none 

 
Non-functional requirements 
 

¶ Performance/Scalability: 
The ES mapping application is developed under a shared methodological framework. The 
methodological framework is scalable from the case study to the EU level and is replicable across 
case studies. Still real time calculation and assessment is not possible, but all models are 
precooked under pre-defined scenarios set by their stakeholders.  
 

¶ Quality and Validation: 
1. For the mapping and assessment of ES, we will use data that have been validated and/or 

peer-reviewed i.e published in a scientific platform (e.g as a scientific paper, official data 
provided by an organization). 

2. For the synergies and trade-offs analysis, the methods will be selected based on their 
suitability for the data type, research question, and assumptions of the analysis. In 
addition, diagnostic tests and graphical techniques will be used to assess the validity of 
the results. 

3. In terms of the development of BBN outputs, the quality assurance will include: 
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o Model Structure Verification: This involves ensuring that the structure of the BBN 
accurately represents the relationships and dependencies between 
variables/components; this will include expert review and stakeholder 
verification through workshops. 

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

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

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

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

 
Non-functional requirements 
 

¶ Security: Different security protocols are applied at different stages of the ES modelling 
approach. As most data is already available from other sources, data security protocols 
ÁÐÐÌÙ ÆÏÌÌÏ×ÉÎÇ ÔÈÅ ÒÅÓÔÒÉÃÔÉÏÎÓ ÏÆ ÄÁÔÁ ÐÒÏÖÉÄÅÒÓȢ $ÁÔÁ ÏÎ ÅØÐÅÒÔÓȭ ÉÎÐÕÔÓ ÉÓ ÐÒÏÔÅÃÔÅd 
and strictly confidential in its unprocessed form. Within the model it is used in a coded 
form and it is not possible to trace individual expert inputs.   

 

¶ Access Security: The model outputs are made available to authorized users who need to 
use the ES models to inform decision-making under different scenarios.  

 

¶ Data Security: !ÌÌ ÇÅÎÅÒÁÔÅÄ ÄÁÔÁ ÉÓ ÓÔÏÒÅÄ ÉÎ ÔÈÅ (5! ÔÅÁÍÓȭ ÃÌÏÕÄ ÁÎÄ ÉÔ ÓÔÏÒÅÄ ÉÎ (5!ȭÓ 
server. 

 

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

 

 

Landscape dynamics mapping tools  

tech card: n°9 hosting: DRAXIS repository Priority: Must Have 

 
Overview:  This module will provide spatial information over the case study area on the evolution 
ÏÆ ÌÁÎÄ ÕÓÅ Ⱦ ÌÁÎÄ ÃÏÖÅÒ ɉ,5Ⱦ,#Ɋ ÁÎÄ ÔÈÅ ÌÁÎÄÓÃÁÐÅȭÓ ÓÔÒÕÃÔÕÒÅ ÁÓ ×ÅÌÌ ÁÓ ÉÔÓ ÃÈÁÎÇÅÓ ÏÖÅÒ ÔÉÍÅ ÉÎ 
the form of geodata raster maps. This will provide a basis for understanding the potential impact 
of future land management decisions on the landscape composition and structure. It contains 
the workflow required to create the LU/LC maps that will be integrated into the system's end-

https://cloud.guarden.org/f/21201
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user front-end (the decision support application in particular). Each map will be computed from 
a specific workflow using models and algorithms in  GIS software environment based on 
Supervised Classification methodology. The models to be used are cutting-edge ML algorithms 
for image classification on satellite images. Object-oriented image analysis will enhance this 
process by incorporating segmentation into the classification analysis. The results of these 
models and classification schemes will be assessed and validated using image interpretation of 
high-resolution satellite images. 

 
Functional requirements 
The workflow of the landscape dynamics mapping includes:   

¶ Primary satellite data acquisition from:  
The Copernicus Data Space Ecosystem, L2A Sentinel-2 images (at 10x10m resolution) of 
different time seasons (more details here).   

o The USGS Earth Explorer, Landsat Collection 2 Level-2 Science Products 
(more details here).  

¶ Classification schemas development oriented to the study area landscape 
characteristics.  

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

¶ Integration of image segmentation process using the Object-oriented image analysis 
(OBIA) in order to enhance the image classification. This will allow to take into account 
in the analysis both spectral and spatial characteristics of the individual pixels in order to 
group them and produce cleaner results at a high-resolution.  

¶ Training of classification algorithms (Support Vector Machine, K-Nearest Neighbors etc.) 
based on training samples collection datasets in order to produce classification thematic 
maps on LU/LC with a resolution up to 10x10m at pilot case area. The LU/LC maps will be 
validated based on high-resolution satellite images and as a result, the landscape 
transformation will be assessed for different time periods.  

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

 

 
FIGURE 7 - LU/LC MAPS OF THE CYPRUS PILOT CASE FOR THE YEARS 2015 AND 2024 
 

 

https://documentation.dataspace.copernicus.eu/Data/SentinelMissions/Sentinel2.html
https://www.usgs.gov/landsat-missions/landsat-collection-2-level-2-science-products
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Interface (with other components) 

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

¶ Provided services/features:   
o Visualizations of maps showing spatial distribution of land use/land cover 
and their evolution throughout time in 10m resoluton.   
o A set of graphs that will accompany the maps indicating changes of land 
use/land cover.  
o Map visualisations showing the spatial distribution of vegetation 
indicators, such as NDVI, and their evolution over time, to contribute to a 
broader understanding of landscape transformation.  

  

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

 
Non-functional requirements 

¶ Quality and Validation: To validate the accuracy of the LU/LC maps, a confusion matrix 
will be used to compare the predicted LU/LC map classifications with the actual ground 
truth data points collected from high-resolution satellite imagery. The validation data 
points serve as a reference standard, ensuring that the classifications in the LU/LC map 
are evaluated against real-world observations. The confusion matrix provides a detailed 
analysis of classification performance, displaying the number of correctly and incorrectly 
classified instances for each category. Key metrics such as overall accuracy, producer 
accuracy, user accuracy and kappa coefficient derived from the confusion matrix will 
provide information on the reliability and validity of LU/LC maps. This approach ensures 
a reliable assessment of map quality by highlighting where the classification is accurate 
as well as identifying potential sources of error. A detailed explanation of the 
measurements will be available through the DSS to ensure that end-users are well 
informed about the reliability of the maps 

 

¶ Performance: 
o The Geoserver should be capable of delivering maps through WMS within 
acceptable time frames  
o Resolution Accuracy: The 10x10 meter resolution should be maintained 
throughout the workflow to ensure the spatial resolution of the final maps.  

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

 

4.1.5 Open APIs 
 

Pl@ntNet PhotoID API    

tech card: n°3 hosting: my.plantnet.org Priority: Could Have 

https://cloud.guarden.org/f/25249
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Overview: Pl@ntnet photoID API ÉÓ Á ×ÅÂ ÁÐÐÌÉÃÁÔÉÏÎ ÁÌÌÏ×ÉÎÇ ÄÅÖÅÌÏÐÅÒÓ ÔÏ ÕÓÅ 0ÌͽÎÔ.ÅÔȭÓ 
identification engine as a RESTful JSON based Web service. The application includes the 
following features: 

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

¶ Secured access to the web services with an API key  

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

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

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

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

¶ Rich documentation for developers. 

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

 

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

¶ Development of new routes compliant with the global checklist  Plants Of The World 
Online:  as mentioned earlier, the entire Pl@ntNet platform will be migrated to a new, 
globally homogenous backbone maintained by Kew botanical Garden in order to better 
cover the European and world floras. This integration will require a major evolution of 
the API with the development of new routes, new unit tests on theses routes, new 
monitoring tools for these routes, new documentation, etc. This has to be done while 
maintaining the compatibility with the previous routes (integrated in many third-party 
applications).  

¶ Development of new routes compliant with the ARISE digital species identification API 
format:  the ARISE project has defined a standardized way for species identification 
algorithms to describe what they have localized and identified in media items. It is 
flexible enough to cover images, sounds, video, and more; it can represent general 
classification results as well as detections in "bounding boxes", and detections linked 
across multiple images. In order to foster interoperability between all EU projects related 
to biodiversity monitoring, we will develop new routes in Pl@ntNet API based on the 
ARISE specification (that is public and open). 

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

o submission of one high resolution image of a vegetation plot 
o configuration of the type of regions of interests to be used: (i) fixed grid with or 
without overlap of the tiles, (ii) pyramid of multiple resolutions with or without 

https://my.plantnet.org/
https://my.plantnet.org/
https://powo.science.kew.org/
https://powo.science.kew.org/
https://www.arise-biodiversity.nl/teamdigitalspeciesidentification
https://www.arise-biodiversity.nl/teamdigitalspeciesidentification
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overlap of the tiles, (iii) blind segmentation of the image, (iv) specific detectors (e.g. 
flower detector, fruit detector, etc.) 
o 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 by 
confidence score), (iii) full identification results of all regions of interest.  
o Development of a new access control system with fine-grained permissions, to 
associate more accurately use cases and partners with available API routes. 

 
Interface (with other components):  
 
Type on interface: RESTful API 
 
Request and Response Formats: JSON format  
 
Endpoint: https://my-api.plantnet.org/  
 
API Documentation:  

¶ web portal: https://my.plantnet.org/  

¶ swagger documentation: https://my-api.plantnet.org/  
 
Services provided:  

¶ Identify the species of an observation (1 to 5 images of a plant): route in production 
(accessible to any user) 
post: https://my-api.plantnet.org/#/my-api/postV2IdentifyProject  
get: https://my-api.plantnet.org/#/my-api/getV2IdentifyProject  

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

 
Non-functional requirements 
 
The requirements of Pl@ntNet open API in terms of Performance/Scalability, Quality and 
Security are the same as the ones mentioned for the Pl@ntNet application itself. 
 
The requirements in terms of privacy are slightly different because the data sent to the open API 
is not stored in anyway. The terms of use are those slightly different.  They are accessible at the 
following link: https://my.plantnet.org/terms_of_use.  
 

 

Naturalis AudioID API: Bird sound Identification 

tech card: n°5 hosting: Naturalis server  Priority: Must Have 

 
Overview:  Naturalis runs image and sound identification web services at the Dutch national level 
ɉÔÈÅ Ȱ!ÒÉÓÅȱ ÐÒÏÇÒÁÍÍÅɊȟ ÉÎÃÌÕÄÉÎÇ Á ÓÅÒÖÉÃÅ ÆÏÒ ÈÏÓÔÉÎÇ ÎÅ× ÒÅÃÏÇÎÉÔÉÏÎ ÁÌÇÏÒÉÔÈÍÓȢ .ÁÔÕÒÁÌÉÓ 
has developed and agreed a common RESTful JSON API specification for image/sound 
recognition services for Arise and also with GUARDEN partners. Using this specification and the 

https://my-api.plantnet.org/
https://my.plantnet.org/
https://my-api.plantnet.org/
https://my-api.plantnet.org/#/my-api/postV2IdentifyProject
https://my-api.plantnet.org/#/my-api/getV2IdentifyProject
https://my-api.plantnet.org/#/quadrat/getV2QuadratDetailProject
https://my-api.plantnet.org/#/quadrat/postV2QuadratDetailProject
https://my.plantnet.org/terms_of_use
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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Arise infrastructure, Naturalis will develop a European bird sound recognition service. The Arise 
infrastructure 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 
launched as a live service: 

¶ Multi-label species classification (recognition of 1 or more prominent species in a given 
audio clip) 

o Covering over 500 European bird species 
o With over 75% mean-average-precision (mAP) typical performance 

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

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

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

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

 

 
Interface (with other components) 
 
The ARISE Machine prediction API is a format describing standardized inputs and outputs for 
REST APIs that do machine prediction for images, videos and sound. The core concept of the API 
is that it supports multiple media items and multiple objects per media item (image, videoframe, 
sound section, etc.). Each object (or set of objects; see below) has associated predictions. 
Multiple predictions (types) per object are supported. 
The API format is inspired by the ObsIdentify and DIOPSIS use-cases but is designed for a broad 
array of use-cases, including video and sound processing. The format is structurally (although 
not literally) compatible with the CamtrapDP standard. More context, motivation and examples 
can be found in ARISE-DSI Prediction API format - blog. 
 
An object in the API is called a region, which is defined by a set of media space coordinates (e.g. 
the time-region in the audio file). Regions are grouped into region groups, which are a set of 
regions which belong together and for which it makes sense to do a combined prediction. An 
example is the same individual organism in three different media items. Predictions are done on 
the region groups. In the case that each region is independent they are still organized into region 
groups, but each region group has then only a single item in its regions field. 
 
API Input: The input expects one or more media items (in this case, audio files) to be posted to 
the media POST parameter. Multiple inputs should be posted to the same media parameter. 
 

https://www.arise-biodiversity.nl/teamdigitalspeciesidentification
https://www.arise-biodiversity.nl/teamdigitalspeciesidentification
https://www.arise-biodiversity.nl/teamdigitalspeciesidentification
https://docs.google.com/document/d/1SEIEc_Y9-I-uHAQJy3SIOFYK0HxmeFkEMoNFvCv3pEI/edit


 D2.6 - GUARDEN system architecture design and technical specifications - Final 

©GUARDEN, 2023  44 

 

API Output: The JSON schema is given here https://gitlab.com/arise-biodiversity/schemas/-
/blob/main/schema_dsi_algorithm_predictions.json.  An example output is given here:  
https://gitlab.com/arise-biodiversity/schemas/-
/blob/main/examples/example_apioutput_diopsis.json 
 
A detailed explanation of the different fields of the ARISE API is provided in Annex 4. 
 

 
Non-functional requirements 
 
Quality and Validation: systematically evaluate the trained models on a test set of audio 
recordings (not included in the training set), communicate this to the end users though 
comprehensive reports 
 
Errors management: returns the confidence score of the model for each detected species  
 
Security: access for users is by userid and password, with GUARDEN users having individual or 
collective private access to their media items and predictions. Access for automated (API) calls 
will be by authentication key tokens. 
 
Data storage and privacy: $ÁÔÁ ÓÔÏÒÁÇÅ ÉÓ ÉÎ ÔÈÅ !ÒÉÓÅ ÓÅÒÖÉÃÅ ɉ.ÅÔÈÅÒÌÁÎÄȭÓ ÄÁÔÁ ÃÅÎÔÒÅɊȢ -ÅÄÉÁ 
items may be stored in the Arise servers for future reference, though this is not the primary 
storage and users are expected to keep their own copies if needed. Predictions from the 
machine learning algorithm are made available to GUARDEN users and automated access, and 
are also stored in Arise long-term. The media items (and predictions) stored on the Arise servers 
can be kept private, or shared outside the proÊÅÃÔȟ ÁÃÃÏÒÄÉÎÇ ÔÏ ÔÈÅ ÄÁÔÁ Ï×ÎÅÒÓȭ ×ÉÓÈÅÓ ÏÎ Á 
per-data-source basis. 
 

 

GeoPl@ntNet API  

tech card: n°14 hosting: plantnet.org Priority: Must Have 

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

 
Functional requirements:   
GeoPl@ntNet 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 + radius 
The 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) - configurable 
with 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 DeepSDM 
model(s) available in the area (default one or specified by the user) 

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

¶ Biodiversity indicators:  

https://gitlab.com/arise-biodiversity/schemas/-/blob/main/schema_dsi_algorithm_predictions.json
https://gitlab.com/arise-biodiversity/schemas/-/blob/main/schema_dsi_algorithm_predictions.json
https://gitlab.com/arise-biodiversity/schemas/-/blob/main/examples/example_apioutput_diopsis.json
https://gitlab.com/arise-biodiversity/schemas/-/blob/main/examples/example_apioutput_diopsis.json
https://cloud.guarden.org/f/26247
https://my.plantnet.org/
https://www.gbif.org/
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o Shannon index (computed on the species present and/or potentially present) 
o Presence/percentage of endangered species according to IUCN red list 

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

on the species present and/or potentially present) 
o Presence/percentage of exotic invasive species (according to CABI or GRIIS 

(computed on the species present and/or potentially present) 
o EUNIS habitat(s) according to available data sources (e.g. EBV portal,  Carhab ) 

as  inferred from the species present and/or potentially present, or  
 
Additional options/types of outputs will be  integrated later based on users feedback.  
 

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

 

 
 
Exchange data formats / standards: json 
 
Documentation: swagger documentation (https://my-api.plantnet.org/?tags=guarden#/)   

 

 
Non-functional requirements 
A large part of the non-functional requirements of GeoPl@ntNet API are the same as the ones 
of the GeoPl@ntNet web application (which will actually use the same underlying features for 
many of its key features). Some other requirements are more specific to the API: 

¶ Flexibility: 

¶ Configurability: Provide configurable options for users to customize the output 
of the service, such as selecting specific filters for species data  

¶ Extensibility: Design the API in a modular and extensible manner to 
accommodate future enhancements and additions, such as incorporating new 
models or expanding functionality. 

https://www.iucnredlist.org/
https://environment.ec.europa.eu/news/habitats-directive-new-guidance-protected-species-2021-10-12_en
https://www.cabi.org/
https://griis.org/
https://eunis.eea.europa.eu/
https://portal.geobon.org/home
https://inpn.mnhn.fr/programme/carhab#presentation
https://my-api.plantnet.org/v2/guarden/
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¶ Comprehensive Documentation: Provide thorough documentation for developers, 
including API reference documentation, usage examples, and explanations of request 
and response formats. 

 

4.1.6 Other key technologies 
AI-based deliberation analysis tool 

tech card: n°8 hosting: CSIC repository Priority: Could Have 

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

 
Functional requirements: The first stage of the development of components will gather the 
deliberation taking place in CS discussion forums and store them in a structured database. We 
will specifically focus on Discourse based forums, since Discourse is the most used platform for 
the creation of fora in CS. To crawl the discussions, we will implement a Python module, relying 
on the Beautiful Soup module.  
 
The second stage will analyze the discussions trying to identify the different communities and 
categories of messages, providing an answer to the question: What are the main characteristics 
of the discussions taking place in CS fora? 
 
The third stage will concentrate on evaluating the quality of the deliberation taking place in 
discussions by means of the automation of tools such as the Deliberation Quality Index. 
Finally, we will provide simple ways to improve the deliberation taking place in these 
communities, for example, by identifying how experts can contribute to a specific discussion and 
pointing them to the discussion to see if they can collaborate. 
 

 
Interface (with other components) 

¶ Discussion fora crawling; The implemented crawler has two different ways to access it. 
The simplest one is using it through a script, as described in the github repository. For 
example to crawl all the discussions in the forum of cientopolis.org we should do 
 
bin/discourse_crawler -d db/cientopolis.org.db -u https://forum.cientopolis.org -r 
 
Additionally, programmatic interface to the crawler is provided by encapsulating it via a 
Python API. The crawler code is in github. 

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

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

Komander, Bjoern, Jesus Cerquides, Jaume Piera, Jeffrey Chan, and Azadeh Alavi. 
Ȱ%ØÐÅÒÔ &ÉÎÄÉÎÇ ÆÏÒ #ÉÔÉÚÅÎ 3ÃÉÅÎÃÅȢȱ )Î !ÒÔÉÆÉÃÉÁÌ )ÎÔÅÌÌÉÇÅÎÃÅ 2ÅÓÅÁÒÃÈ ÁÎÄ 
Development, 59ɀ69. IOS Press, 2023. https://doi.org/10.3233/FAIA230659. 

https://cloud.guarden.org/f/21200
https://forum.cientopolis.org/
https://github.com/IIIA-ML/DiscourseCrawler
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If proven successful enough on the experimentation, we will encapsulate our Expert 
identification model as a web service.  

 
Non-functional requirements 
 
Some of the non-functional requirements for expert identification are: 
 
Efficiency and performance: The expert identification is not a live process, it could be 
implemented as a background process on the discussion fora. Even tough, efficiency should be 
in line with the relevance of the service provided. 
Robustness: The system should demonstrate resilience in handling noisy or incomplete data. 
 
Flexibility: The system should offer support for several expert identification models. 
 
Documentation: Extensive documentation should be available, offering clear instructions on 
installation, utilization, and customization, aiming to ease adoption and facilitate further 
development by third party researchers. 
 

 

Species Distribution and Habitat Modeling framework 

tech card: n°4 hosting: Github  Priority: Could Have 

 
Overview: This component is an open-source framework providing libraries, tools and software 
for training high-resolution predictive models of species compositions and habitats from in-situ 
observation data, remote sensing and environmental data. The initial plan was to develop a 
single software repository, but the different types of use, the need for modularity and the 
pooling of efforts with the European project MAMBO eventually led us to develop several inter-
connectable but independent software components:  

¶ Malpolon (co-developed with MAMBO EU project): Malpolon is a framework facilitating 
the training and sharing of Deep Species Distribution models using various types of input 
covariates including bioclimatic rasters, remote sensing images, land-use rasters, etc... 
Malpolon is destined to be used by various user profiles, including non-experimented 
users with deep learning technologies.  

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

¶ GeoPl@ntBert: GeoPl@ntBert is a library and set of scripts for more advanced 
developers allowing to train an end-to-end habitat distribution model combining a Deep 
Species Distribution Model and a species-to-habitat model based on LLMs.  

 

 
Functional requirements 
 
1- Malpolon 
Malpolon implements the following features: 

Datasets, datamodules, dataloaders 

¶ Load, transform, split and sample data for pytorch-friendly dataloaders 

https://cloud.guarden.org/f/25250
https://github.com/
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¶ Supports existing datasets for the training of DeepSDMs including GeolifeClef2022, 
GeolifeClef2023 and GeolifeClef2024 datasets 

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

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

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

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

Parametrization 

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

¶ Add on-the-fly transform feature to RasterTorchGeoDataset 

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

¶ Update the framework to work with newer versions of torchmetrics and pytorch 
lightning 

¶ Broaden the range of usable metrics Implementation of transformers system 

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

Examples of usage of the framework 

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

¶ Inference: I have a file (.csv) and I want to predict the presence of species on a given area 
using a model trained previously and a selected dataset or a shapefile I would provide. 

¶ Model Training: I have a dataset of my own and I want to train a model on it.  
o Drop and play : I have an observations file (.csv) and I want to train a model on 

different environmental variables (rasters, satellite imagery) without having to 
worry about the model, the training procedure or the data loading. 

o Custom dataset : I have my own dataset consisting of pre-extracted image 
patches and/or rasters and I want to train a model on it. 

¶ GeoLifeCLEF: I am a potential kaggle participant of the GeoLifeClef challenge or I want 
to reproduce some of the results obtained by others. I want to train a model on the 

https://torchgeo.readthedocs.io/en/stable/
https://pytorch.org/
https://github.com/plantnet/malpolon/blob/main/examples/inference
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provided datasets without having to worry about the data loading, starting from a plug-
and-play example. The framework already contains a full example of a model training on 
the GeoLifeClef2022 dataset, from data download, to training and prediction. The 
GeoLifeClef2023 and GeoLifeCLEF2024 scenario will be developed later on. 

2- Pl@ntBert 

Pl@ntBERT is an open-source framework aimed at encoding vegetation patterns and enhances 
their classifications into EUNIS habitats. This tool leverages computer science and linguistic 
processes based on transformers. In particular, the pipeline implements two artificial 
intelligence tasks: fill-mask and text classification. Firstly, masked language modeling gets a 
statistical understanding of vascular plant compositions. Then, subsequent training assigns an 
EUNIS label to sentences describing phytosociological relevés. A first version of the framework 
has been developed and some first models have been trained showing very good performance 
over previous state-of-the-art methods (i.e.  habitat classification accuracy score of 92.48% on a 
database containing millions of European surveys from EVA).  

The final framework to be shared in open-source should allow end-users (i.e. data scientists) to: 

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

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

3- GeoPl@ntBert 

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

 
Interface (with other components):  

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

Github repositories: 

o malpolon: https://github.com/plantnet/malpolon  
o Pl@ntBert, GeoPL@ntBert: not publicly available yet  

https://github.com/plantnet/malpolon/blob/main/examples/kaggle/geolifeclef2023
https://github.com/plantnet/malpolon
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Exchange data formats / standards: csv files, jpg files, geotiff files, pytorch objects (state_dict, 
tensors) 

 
Non-functional requirements 

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

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

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

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

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

 

4.2 Internal components of GUARDEN system 
This describes the internal component of GUARDEN system. Those are components developed by 

GUARDEN partners and that are essential to the functioning of the key technologies listed before, 

and not directly accessible by end-users or stakeholders. 

4.2.1 Models  
This section describes the main models built within GUARDEN enabling the key technologies to 

operate. 

Plants Photo ID modelsȡ 4ÈÅÓÅ ÁÒÅ ÔÈÅ !) ÍÏÄÅÌÓ ÕÓÅÄ ÉÎ 0ÌͽÎÔ.ÅÔͻÓ ÁÐÐÌÉÃÁÔÉÏÎ ÁÎÄ 0ÌͽÎÔ.ÅÔȭÓ 

PhotoId API (see section 4.1.2 and 4.1.54.1.2). They are based on the latest architectures of 

transformers trained with self-supervision (such as BEIT [1 ] or DinoV2 [2 ]). They are regularly 

trained on millions of Pl@ntNet images labelled with the POWO taxonomy and evaluated on 

various benchmarks before being integrated. The models are extended with additional 

layers/modules for the identification of multiple species in HD images of vegetation plots 

observations such as quadrat images, drone images or car views (through a tiling and merging 

approach). Those extensions are evaluated on various benchmarks before being integrated in new 

ÒÏÕÔÅÓ ÏÆ ÔÈÅ 0ÌͽÎÔ.ÅÔȭÓ 0ÈÏÔÏ)Ä !0) ÁÎÄ ÉÎ ÔÈÅ ÎÅ× ÐÌÏÔ ÏÂÓÅÒÖÁÔÉÏÎÓ ÆÅÁÔÕÒÅÓ ÏÆ 0ÌͽÎÔ.ÅÔ ÁÐÐȢ 

The models are 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 

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/
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sounds from all over the world and involving research scientists, expert birders as well as 

amateurs), though other sources may also be used. The species coverage is determined using the 

register of European Breeding Birds. Validation of performance will be conducted on a per-species 

level to ensure balanced coverage, and also with attention to the expected sources of audio 

(smartphones, Audiomoths; in various European habitats). 

Species distribution models: these are the models that will be used by the biodiversity indicators 

mapping tools and by the GeoPl@ntNet application to predict the list of species potentially 

ÐÒÅÓÅÎÔ ÁÔ ÁÎÙ ÌÏÃÁÔÉÏÎ ÉÎ %ÕÒÏÐÅȢ 4ÈÅÙ ÁÒÅ ÂÁÓÅÄ ÏÎ $ÅÅÐ3$-Ó ÉÎ ÔÈÅ ÃÏÎÔÉÎÕÉÔÙ ÏÆ )ÎÒÉÁȭÓ Òesearch 

work in this area (see e.g. [Deneu2022], [Estopinan2022], [Deneu2021]).  

A first model was trained at the EU level based on 5M (filtered) GBIF occurrences and 1.6M survey 

plots from EVA based on two main type of predictors:  

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

Á Elevation data at 30x30m resolution (as specified here) 

New models will be trained at the EU level based on 30M GBIF occurrences and 1.6M survey plots 

from EVA based on the following predictors:  

o Copernicus data:  
Á Sentinel 2 RGB/NIR image patches anywhere in Europe (at 10x10m 

resolution) and at any month between 2014 and today (more details here) 
Á Monthly landsat multivariate time-series (RGB, NIR, SWIR1, SWIR2) at any 

spatial position in Europe (30m resolution) from 2003 to today, at any 
position (more details here)  

o Climatic data cubes: 
Á Time series of 4 climatic variables extracted as cubes of size 19 years x 

12months x 4 variables (more details here) 
o  Spatial Environmental rasters:  

Á 19  CHELSA bio-climatic variables at 1km resolution (as specified here) 
Á Elevation data at 30x30m resolution (as specified here) 
Á Human footprint data (as specified here) 
Á Land Cover data (as specified here) 
Á 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 coming from EVA plot surveys data.  

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

specified later on.  

Biodiversity indicators models: these are the models that will be used by the biodiversity indicators 

mapping tools and by the GeoPl@ntNet application to compute specific indicators from the list of 

plant species present or potentially present at a given location. This will include: 

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

https://www.frontiersin.org/articles/10.3389/fpls.2022.839279/full
https://www.frontiersin.org/articles/10.3389/fpls.2022.839327/full
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1008856
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/EnvironmentalRasters/Elevation/DEM_README.txt
https://www.gbif.org/
https://euroveg.org/eva-database/
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/cf122c4b-4dcd-4093-bab9-5af1d60ec464/file/public_files/EnvironmentalRasters/Climate/Climatic_Monthly_2000-2019_cubes/README.md
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
https://euroveg.org/eva-database/
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of hundreds of thousands of vegetation plots provided by the European Vegetation 
Archive.  

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

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

 

Future ecosystem services modelling framework: The framework to mapping and assessing 

future ecosystem services (ES) includes: 1)  the use of data and indicators for mapping the current 

state of ecosystem services; 2) the identification of synergies and tradeoffs among components of 

ÔÈÅ ÃÁÓÅ ÓÔÕÄÉÅÓȭ Óocial-ecological systems, especially those that might emerge between 

biodiversity protection and development plans through a systems modelling approach; and 3) the 

development of Bayesian Belief Networks (BBNs) for modeling and mapping future trends of ES.  

ü ES/NCPs quantification: The final ES and biodiversity indicators that will be used and 
applied within GUARDEN will be defined after the first scheduled workshops with the case 
ÓÔÕÄÉÅÓ ÁÎÄ ÔÈÅ ÒÅÌÅÖÁÎÔ ÓÔÁËÅÈÏÌÄÅÒÓȢ 5ÓÉÎÇ ÍÕÌÔÉÐÌÅ ÄÁÔÁ ÉÎÐÕÔÓȟ ÓÕÃÈ ÁÓ ÔÈÅ '5!2$%.ȭÓ 
output products (e.g. biodiversity and habitat maps), data provided by the case studies at 
the local level, and other readily available data (Earth Observation data, ES initiatives and 
land/climate monitoring products) different indicators will be mapped based on each case 
study needs and requirements (e.g. human and/or economic well-being, energy 
production, coastal tourism/recreation, landscape quality). Various quantification methods 
will be applied which can vary from simple expert-based scoring systems to complex 
ecological models depending on data availability. Based on those, possible synergies and 
trade-offs among the different system components (ES/NCP, Biodiversity, Well-being, etc) 
will be identified. This will facilitate the development of the BBNs by providing insights into 
the structure, parameters, dependencies, uncertainties, and potential interventions within 
the system. By leveraging this understanding, stakeholders can build more accurate and 
insightful models. 

ü BBNs: For the development of the BBN, we will use the gBay platform developed by Stritih 
et al. (2020) (https://wiki.gbay.ethz.ch/), an online platform for spatial and iterative 
modelling of ecosystem services with Bayesian Belief Networks. A Bayesian Belief Network 
is a directed, acyclic graph with an underlying joint probability distribution [Forio2020]. The 
modelling framework consists of four parts:  

o A set of nodes representing variables, each with a set of mutually exclusive 
(discrete or continuous) states. These will be defined jointly with case study leads 
and stakeholders. To detect the most relevant influence factors we will organize a 
workshop with experts or stakeholders. Before the workshop, a list of relevant 
factors can be compiled based on literature or expert interviews. During the 

https://euroveg.org/eva-database/
https://euroveg.org/eva-database/
https://www.sciencedirect.com/science/article/pii/S2212041620300668#b0185
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workshop, the participants individually rank the importance of the individual 
factors. Then, the ranking is discussed to find a consensus about a set of most 
relevant influence factors. Then the nodes will be created using the software Netica 
[Norsys2016]. The user-friendliness and transparency of this software package 
facilitates the inclusion of knowledge of a broad range of experts into the model 
[Landuyt2014]. 

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

o A set of probabilities specifying the belief that a node will be in a particular state 
ÆÏÒ ÅÁÃÈ ÃÏÍÂÉÎÁÔÉÏÎ ÏÆ ÉÔÓ ÐÁÒÅÎÔ ÎÏÄÅÓȭ ÓÔÁÔÅÓ ɉ#ÏÎÄÉÔÉÏÎÁÌ 0ÒÏÂÁÂÉÌÉÔÙ 4ÁÂÌÅÓ - 
CPTs). The links between nodes in a BBN are represented by conditional probability 
tables, where a probability distribution of a child node is defined for every 
combination of states of its parent nodes [Aguilera2011]. Depending on the 
availability of data or models, various methods can be used to populate CPTs, from 
ÅØÐÅÒÔ ÅÌÉÃÉÔÁÔÉÏÎ ÔÏ ȰÌÅÁÒÎÉÎÇȱ ÆÒÏÍ ÄÁÔÁ ɍLanduyt2013]. During this process, we 
may find it necessary to return to previous steps and redefine the nodes, their 
states, or the links between them. In Netica, the CPTs can be filled either manually 
or through equations.  Due to its ability to learn the model from data (both DAG 
and CPTs), Netica is the most preferred modeling tool in the scientific community, 
including environmental modelers [Pérez-Miñana2016]. 

o The final step is to test, evaluate, and update the BBN. Once all the CPTs within the 
BN are completed, the network can be compiled and then tested by introducing 
ȰÅÖÉÄÅÎÃÅȱ ɍStritih2019]. This evidence is propagated through the network via 
inference, enabling us to examine the resultant probabilities across other nodes. 
The BBN and its behaviour under different management and climate scenarios will 
be presented to experts and stakeholders, and evaluated by them. Afterwards, 
their feedback will be used to adjust the structure of the network, the states of the 
variables, or to update the CPTs. 

 

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

 

https://www.norsys.com/WebHelp/NETICA/X_GeoNetica.htm
https://scholarsarchive.byu.edu/cgi/viewcontent.cgi?article=1216&context=iemssconference
https://www.sciencedirect.com/science/article/pii/S1364815211001472
https://www.sciencedirect.com/science/article/pii/S1364815213000741
https://www.norsys.com/WebHelp/NETICA.htm
https://www.sciencedirect.com/science/article/pii/S1364815216303231#bib56
https://wiki.gbay.ethz.ch/lib/exe/fetch.php?media=ecopotential_deliverable_7_3.pdf
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4.2.2 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. 

 

4.2.2.1 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. 

 

 

 

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 online 
application are all handled by client-side languages like HTML, CSS, and JavaScript. Client-side code 
is downloaded 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. Web 
page structure is determined by HTML, visual styling is handled by CSS, and functionality is added 
to the page via JavaScript. Rendering the user interface, managing user interactions, and sending 
asynchronous data requests to the server are the main concerns of client-side code. 

FIGURE 8 - BASIC ARCHITECTURE OF THE GUARDEN DSAS  
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Here is a list of the client-side languages and technologies as referenced in the aforementioned 
architecture: 

1. HTML (Hypertext Markup Language): Content on the web is often organised and presented 
using HTML, a markup language. It offers a collection of tags that specify the structure and design 
of 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 HTML 
content should be presented and look. As well as improving the look and feel of HTML elements, 
controlling their positioning and styling, and creating responsive layouts, it determines the layout, 
colours, fonts, and other visual features of a web-page. 

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

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

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

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

b) CanvasJS: This JavaScript charting library makes it easier to create interactive, eye-catching 
charts for online applications. CanvasJS offers a variety of chart kinds, customisation choices, and 
data processing abilities along with a user-friendly API and extensive collection of features. It offers 
cutting-edge features like drill-down functionality and real-time data updates, enables responsive 
design, and ensures consistent chart presentation across devices. CanvasJS is a useful tool for 
developers who want to create interactive charts with a polished appearance because it works 
with all current browsers and has rich documentation and support. 

Server-Side languages and technologies: The term "server-side" describes how code is run on the 
web server that hosts the website or application. Behind the scenes, server-side languages like 
Python, Java, PHP, or ASP.NET handle request processing, data storage, and business logic. When 
a user interacts with a web page, their actions are transmitted to the server, which processes them 
and produces a response that is delivered back to the client. 

Server-side languages are used to manage data, carry out calculations, communicate with 
databases, and carry out an application's server-side logic. In order to maintain data security and 
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integrity, server-side programming controls user authentication, database operations, and 
business rules. It takes user-submitted data and produces dynamic content, such as tailored sites. 

The server-side languages and technologies used in the aforementioned architecture are listed 
below: 

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

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

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

4.2.2.2 Pl@ntNet back-end 

!Î ÏÖÅÒÖÉÅ× ÏÆ 0ÌͽÎÔ.ÅÔȭÓ ÇÌÏÂÁÌ ÁÒÃÈÉÔÅÃÔÕÒÅ ÉÓ ÐÒÏÖÉÄÅÄ ÉÎ Error! Reference source not found. 

(including the front-ends, the back-end components and the data storage components). The 

architecture capitalises on the latest advances in web-oriented architectures, micro-services, 

containers and distributed data management. In addition to the data storage components 

(described in the next section), the back-end consists of three main parts:  

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

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

¶ The identification engine (blue boxes on the left) which runs the AI-based analysis of plant 
images 

¶ The GeoPl@ntNet back-end (purple boxes) which runs the processing of the queries sent 
through the GeoPl@ntNet front-end or through the open API for developers.  

¶ The image back-end (at the top right corner) which processes and stores incoming images 
on a distributed network storage infrastructure 

¶ The data back-end (white boxes at the top and top left corner) which stores all non-binary 
data in replicated document-oriented DBMS 

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

1. enable the migration of Pl@ntNet apps to the new global backbone (based on Plants Of The 
World Online, as described in section 4.1.2).  

2. enable the management and processing of vegetation plots (as described in section 4.1.2). 
3. enable the import of observations by batch within the database 

https://powo.science.kew.org/
https://powo.science.kew.org/
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The fourth part, i.e., the GeoPl@ntNet back-end, did not exist before GUARDEN and will have to 

be developed from scratch.  

The last parts, i.e., storage and databases, will have to evolve to meet requirements induced by 

API and data access layer evolutions, notably by integrating new POWO checklists and allowing 

the management of high-resolution vegetation plots images. 
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FIGURE 9 - OVERVIEW OF 0,ͽ.4.%4ȭS ARCHITECTURE 
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4.2.2.3 MINKA back-end:  

-ÉÎËÁȭÓ ÂÁÃË-end includes different software components supporting front-end and back-end 

services, including an index and search engine, in-memory key-value stores, and caching 

mechanisms. The CI monitoring, alert, and logging systems are based upon many different sources 

of information: system and applications logs, systems and application metrics, and systems 

monitoring interfaces. Alerting is based on configurable thresholds and employs external health 

ÃÈÅÃËÓȢ -ÉÎËÁȭÓ ÃÏÎÆÉÇÕÒÁÔÉÏÎ ÍÁÎÁÇÅÍÅÎÔ ÉÓ ÂÁÓÅÄ Ïn an open-source enterprise-level 

architecture, including automation processes, code review, change control, and a continuous 

integration system. 

 

FIGURE 10 - MINKA BACK-END. 
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4.2.2.4 Augmented reality app back-end: 

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

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

The architecture of the Kubernetes cluster is as follows: 

¶ Namespace: A dedicated namespace for all resources (pods, services, etc.) 

¶ Database Pod: A pod which contains the database container 

¶ Database Service: This service exposes the database pod's ports within the cluster, 
facilitating intra-cluster communication with the database. 

¶ Backend Pod (2+ Replicas for scalability): 
o Backend: The container of the Django RESTful API 
o Nginx Reverse Proxy: To compensate for Django's inability to serve static files, such 

as media files, a Nginx proxy is employed to serve these files and forward all other 
requests to the backend. 

¶ Backend Service: This service exposes the backend pod's ports within the cluster, 
facilitating intra-cluster communication with the backend. 

¶ Ingressȡ 2ÏÕÔÅÓ ÒÅÑÕÅÓÔÓ ÔÏ ÃÏÒÒÅÓÐÏÎÄÉÎÇ ÓÅÒÖÉÃÅÓ ÂÁÓÅÄ ÏÎ ÔÈÅ ÒÅÑÕÅÓÔȭÓ ɉÓÕÂɊÄÏÍÁÉÎȢ 
In addition, it supplies SSL termination and SSL certificate generation for the defined 
(sub)domains. 

¶ Load Balancerȡ "ÉÎÄÓ ÏÎ ÔÈÅ 6-ȭÓ ÅØÔÅÒÎÁÌ )0 ÁÎÄ ÆÏÒ×ÁÒÄÓ ÒÅÑÕÅÓÔÓ ÔÏ ÔÈÅ )ÎÇÒÅÓÓ 
Controller. 

¶ Gitlab Runner Podȡ -ÏÎÉÔÏÒÓ ÔÈÅ "ÁÃËÅÎÄȭÓ 'ÉÔÌÁÂ 2ÅÐÏÓÉÔÏÒÙ ÆÏÒ ÓÏÕÒÃÅ ÃÏÄÅ ÃÈÁÎÇÅÓ ÁÎÄ 
executes CI/CD (Continuous Integration, Continuous Deployment) pipelines which 
automatically test the revised code, facilitate its release, and deploy it to the cluster. 

4ÈÅ ÏÖÅÒÖÉÅ× ÏÆ #ÉÒÃÕÌ!2ȭÓ ÁÒÃÈÉÔÅÃÔÕÒÅ ÉÓ ÐÒÅÓÅÎÔÅÄ ÉÎ ÔÈÅ Figure 11  below: 
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FIGURE 11 - OVERVIEW OF CIRCUL!2ȭS ARCHITECTURE 

 

4.2.3 Data storage  
This section describes the main data storage components of GUARDEN system. 

¶ Pl@ntNet map server:  Pl@ntNet geodata are stored in a Postgresql database, currently 
hosted inside CIRAD Virtual Private Network, which can store and process vector and raster 
data. We store in PostgreSQL database spatial data such as raster coverages or area 
boundaries and any other information that we may need for spatial data processing. 
Given the fact that the amount of data is huge (several TB), we use a NFS mounting point 
on a Storage Virtual Machine (SVM) provided by Meso@LR. Raster data is stored on this 
mounting point and accessed by QGIS Server via Virtual Raster Tile (vrt) files, a raster 
mosaicing technology. QGIS web map services are then cached on the fly with MapProxy 
Cache Server and we use the same SVM to store cached raster tiles.  
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¶ Pl@ntNet data storage: Pl@ntNet data storage is based on ArangoDB, a NoSQL document 
oriented database. The database structure will be modified according to the functional 
requirements mentioned in 4.1.5, specifically by adding the concept of vegetation plots and 
high-resolution images. This database is hosted in France on physical machines within Cirad 
IT infrastructure. It is replicated in real time and backed up daily on a different site in order 
to ensure maximal data safety. 

Additionally, images submitted to Pl@ntNet for identification are stored on a Storage Virtual 

Machine (SVM) provided by Meso@LR, a mutualised resource centre for high performance 

computing operated in France by CINES and University of Montpellier. Access to the image files is 

strictly restricted to Pl@ntNet infrastructure. 

¶ MINKA data storage: Minka incorporates an information lifecycle management system 
that employs the appropriate data management approaches for the different  features of 
the cyberinfrastructure. It includes relational databases,  NoSQL databases, object storage, 
file storage, ÁÎÄ ÂÌÏÃË ÓÔÏÒÁÇÅȢ  -ÉÎËÁȭÓ ÏÂÓÅÒÖÁÔÉÏÎÓ ɉÅȢÇȢȟ ÐÉÃÔÕÒÅÓȟ ÁÕÄÉÏ ÆÉÌÅÓɊ ÁÎÄ 
metadata are stored using different components. The backup, archival, and maintenance 
ÏÆ ÐÌÁÔÆÏÒÍ ÄÁÔÁ ÁÎÄ ÍÅÔÁÄÁÔÁ ÉÓ ÃÒÉÔÉÃÁÌ ÔÏ -ÉÎËÁȭÓ ÏÐÅÒÁÔÉÏÎȟ ×ÈÉÃÈ ÉÓ ÉÍplemented using 
cold storage. 

¶ Augmented reality app database: 4ÈÅ ÁÐÐȭÓ ÒÅÌÁÔÉÏÎÁÌ ÄÁÔÁ ÍÏÄÅÌ ÉÓ ÐÅÒÓÉÓÔÅÄ ÉÎ Á 
PostgreSQL database which also features PostGIS extensions to allow for storing and 
querying of geographical data. The database is containerized through Docker and 
deployed within a Kubernetes cluster in ViÒÔÕÁÌ -ÁÃÈÉÎÅÓ ÉÎ )##3ȭÓ 6- ÉÎÆÒÁÓÔÒÕÃÔÕÒÅȢ )Î 
ÁÄÄÉÔÉÏÎȟ Ô×Ï 0ÅÒÓÉÓÔÅÎÔ 6ÏÌÕÍÅÓ ÁÒÅ ÅÍÐÌÏÙÅÄȟ ÏÎÅ ÆÏÒ ÂÁÃËÉÎÇ ÕÐ ÔÈÅ ÄÁÔÁÂÁÓÅȭÓ ÆÉÌÅÓ ÁÎÄ 
one for serving and backing up static files, such as media files, which comprise the 
AÕÇÍÅÎÔÅÄ 2ÅÁÌÉÔÙ ÁÐÐȭÓ ÍÅÄÉÁ ÃÏÎÔÅÎÔȢ  

 

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

important role in the system. 

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

infrastructure that aims to provide free and open access to biodiversity data from around the 

world. GBIF was established in 2001 and is governed by an intergovernmental agreement. To date, 

GBIF includes more than 60,000 datasets on its portal published by more than 1,700 data 

publishing institutions including several GUARDEN partners: Pl@ntNet (CIRAD and Inria), 

Naturalis, ICCS, Meise. The GBIF API (Application Programming Interface) includes a set of tools 

and protocols that allow developers to access and interact with the data available through the 

Global Biodiversity Information Facility (GBIF). It provides programmatic access to the vast amount 

of biodiversity data stored in the GBIF database.  

GUARDEN system will centrally rely on GBIF for the sharing of biodiversity occurrences across the 

different components of the system and with external partners/systems. The GBIF API allows users 

to query the database, retrieve specific data sets, and perform various operations on the data. It 

supports a wide range of functionalities, including searching for species occurrences, retrieving 

taxonomic information, obtaining species distribution data, and accessing information about data 

publishers and datasets. 

https://www.gbif.org/
https://www.gbif.org/fr/developer/summary
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Queries are expressed as HTTP requests to the GBIF API endpoints, specifying parameters such as 

taxonomic names, geographic regions, time ranges, and data formats to retrieve the desired 

information. The API responses are typically returned in JSON (JavaScript Object Notation) format, 

which is a commonly used data interchange format. 

A comprehensive documentation for the API is provided, including detailed information about the 

available endpoints, query parameters, response formats, and authentication methods. 

Developers can refer to the documentation to understand the capabilities of the API and learn how 

to effectively utilise it in their projects. 

Among the many advantages of the GBIF platform is a system for tracking scientific publications 

based on DOI. This makes it possible to find out about all the scientific publications that have used 

data from a particular provider.  

EVA : The European Vegetation Archive is a database and information system that serves as a 

central repository for vegetation data in Europe. It is designed to collect, manage, and distribute 

vegetation-related data, including plot data, species lists, habitat types and environmental 

parameters. 

The EVA aims to support research and conservation efforts by providing access to a wide range of 

vegetation data from various sources across Europe. It serves as a platform for storing and sharing 

information on plant communities, their composition, structure, and distribution. The database 

includes data from phytosociological relevés, which are standardised field observations of plant 

species and their abundances within specific plots. These relevés are conducted according to 

established vegetation survey methodologies, such as the Braun-Blanquet approach. Furthermore, 

the EVA contributes to international initiatives such as the Global Index of Vegetation-Plot 

Databases (GIVD) and promotes collaboration and data exchange between European countries to 

advance our understanding of vegetation and its role in ecological processes. 

Within GUARDEN, EVA will be used as a complementary data source to GBIF for training species 

and habitat distribution models, as well as vegetation plot images processing models.   

Xeno-canto: Xeno-canto is a collaborative online database and community-driven project 

dedicated to sharing and archiving bird sounds from around the world. It serves as a valuable 

resource for ornithologists, birders, researchers, and anyone interested in bird vocalizations. Xeno-

canto encourages bird enthusiasts and experts to record and upload their audio recordings of bird 

sounds. These recordings can be georeferenced, allowing them to be associated with specific 

locations. Each recording is accompanied by additional metadata, including date, time, habitat, and 

specific bird species identification. 

Within GUARDEN, Xeno-canto will be used as the main source of audio contents for the training of 

the Audio ID models.   

4.3.1.1 Maps / rasters / remote sensing data portals   

GLOBI: The Global Biotic Interactions network (GloBI) provides open access to finding species 

interaction data (e.g., predator-prey, pollinator-plant, pathogen-host, parasite-host) by combining 

existing open datasets using open source software. Within GUARDEN, GLOBI will be used in 

combination with predictions of the Deep Species Distribution Models (DSDM) to generate 

visualisations. With the GLOBI network we will also produce, on a per case study level, species 

embeddings for use in combination with the DSDM to improve predictions. 

https://www.gbif.org/fr/developer/summary
https://www.gbif.org/data-use
https://www.doi.org/
https://euroveg.org/eva-database/
https://xeno-canto.org/
https://www.globalbioticinteractions.org/
http://opendefinition.org/ossd/
http://opendefinition.org/od/
https://opensource.org/osd
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Ecodatacube: Ecodatacube is a Spatio-Temporal Asset Catalog for European-wide layers provided 

by Open Environmental Data Cube Europe, co-financed under Grant Agreement Connecting 

Europe Facility (CEF) Telecom project 2018-EU-IA-0095 by the European Union. Some of those 

European-wide layers will be used in GUARDEN as input of the biodiversity indicators and 

ecosystem mapping models (e.g. sentinel2 images and landsat time series).  

EBV data portal:  The EBV Data Portal is an eShape initiative sharing a variety of raster datasets 

related to Essential Biodiversity Variables. It will be used within GUARDEN to download some 

layers provided as input of the biodiversity indicators and ecosystem mapping models. It might 

also be used to upload some of the new data products computed within GUARDEN system to share 

them with the community. 

MS planetary:  The Microsoft Planetary Computer combines a multi-petabyte catalogue of global 

environmental data with intuitive APIs, a flexible scientific environment that allows users to 

answer global questions about that data, and applications that put those answers in the hands of 

conservation stakeholders. It will be used within GUARDEN to download some layers provided as 

input of the biodiversity indicators and ecosystem mapping models. 

Chelsa Climate : CHELSA ɉ#ÌÉÍÁÔÏÌÏÇÉÅÓ ÁÔ ÈÉÇÈ ÒÅÓÏÌÕÔÉÏÎ ÆÏÒ ÔÈÅ ÅÁÒÔÈȭÓ ÌÁÎÄ ÓÕÒÆÁÃÅ ÁÒÅÁÓɊ ÉÓ Á 

very high resolution (30 arc sec, ~1km) global downscaled climate data set currently hosted by the 

Swiss Federal Institute for Forest, Snow and Landscape Research WSL. It is built to provide free 

access to high resolution climate data for research and application, and is constantly updated and 

refined. It will be used within GUARDEN to download some layers provided as input of the 

biodiversity indicators and ecosystem mapping models. 

MODIS: MODIS provides valuable land use data by capturing and analysing spectral information to 

monitor changes in vegetation, land cover types, and land surface temperature on a global scale. 

It will be used within GUARDEN to download some layers provided as input of the biodiversity 

indicators and ecosystem mapping models. 

Discourse: Discourse is an open-source discussion platform that facilitates online conversations 

and community engagement. It provides a space for users to share ideas, ask questions, and 

engage in meaningful discussions on various topics. Discourse is the most used platform for the 

creation of fora in Citizen Science. Within GUARDEN system, it will be used to run  the AI-

deliberation tools aimed at analysing the discussions in those fora and improve the deliberation.  

Decidim: Decidim is an open-source digital platform designed for participatory democracy and 

citizen engagement. It enables governments, organisations, and communities to create spaces for 

collaborative decision-making, allowing citizens to propose, discuss, and vote on issues. Within 

GUARDEN system, it will be used as a complementary platform to run  the AI-deliberation tools.  

JRC Lucas: Following a decision of the European Parliament, the European Statistical Office 

(EUROSTAT) in close cooperation with the Directorate General responsible for Agriculture and the 

technical support of the JRC, is organising regular, harmonised surveys across all Member States 

to gather information on land cover and land use. This survey is known as LUCAS (Land Use/Cover 

Area frame statistical Survey). Within GUARDEN, it will be used as an input data source for some 

of the models (landscape dynamics models and ecosystem services).  

JRC BISE:JRC BISE stands for the Joint Research Centre's (JRC) Biodiversity Information System 

for Europe. It is an online platform and knowledge hub that aims to support the conservation and 

https://stac.ecodatacube.eu/
https://ecodatacube.eu/
https://ec.europa.eu/inea/en/connecting-europe-facility/cef-telecom/2018-eu-ia-0095
https://portal.geobon.org/
https://e-shape.eu/
https://planetarycomputer.microsoft.com/
https://chelsa-climate.org/
https://modis.gsfc.nasa.gov/
https://www.discourse.org/
https://decidim.org/
https://esdac.jrc.ec.europa.eu/projects/lucas
https://biodiversity.europa.eu/
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sustainable use of biodiversity in Europe. JRC BISE provides access to various biodiversity-related 

data, information, and tools, facilitating the sharing of knowledge and promoting evidence-based 

decision-making for biodiversity policies and practices. It will be used within GUARDEN to 

download data provided as input of the biodiversity indicators and ecosystem mapping models. It 

might also be used to upload some of the new data products computed within GUARDEN system 

to share them with the community.  
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5 System level requirements 
5.1 Unified Performance Benchmarks 

We will establish unified performance benchmarks ensuring that all components integrated in the 

Ȱ'5!2$%. #ÏÎÔÅØÔÕÁÌÉÓÁÂÌÅ $ÁÓÈÂÏÁÒÄȱ ÍÅÅÔ ÔÈÅ ÒÅÑÕÉÒÅÄ ÐÅÒÆÏÒÍÁÎÃÅȢ %ÓÔÁÂÌÉÓÈÉÎÇ ÁÎÄ 

monitoring key performance benchmarks is essential to ensuring the GUARDEN Dashboard 

delivers an optimal user experience. These benchmarks assess how well the front-end application 

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

Below are some of the most important benchmarks to measure and the recommended tools for 

evaluating them. 

1. Page Load Time 

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

Key Metrics: 

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

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

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

Tool: 

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

2. JavaScript Execution Time 

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

Key Metric: 

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

Tools: 

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

3. User Experience Metrics (UX) 

User Experience Metrics measure a web-page's perceived performance from a user's perspective. 
These metrics reflect the real-world experience of users interacting with the dashboard. Good UX 
metrics indicate that the application is not only fast but also stable and responsive, which is critical 
for maintaining a positive user experience. 

Key Metrics: 

¶ Largest Contentful Paint (LCP): Measures the loading performance of the most significant 
content element visible in the viewport. 

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

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

Tools: 

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

¶ Chrome DevTools: Allows real-time monitoring and troubleshooting of UX metrics, 
enabling developers to make immediate adjustments. 

4. API Response Time 

API Response Time measures how long it takes for the server to respond to API requests. This 
directly affects the time required for the dashboard to render data-driven visualisations. Slow API 
responses can delay visualisations and degrade the user experience, particularly in data-centric 
applications like dashboards. 

Tools: 

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

¶ Apache JMeter: A robust tool that simulates API load testing and measures response times 
under various conditions. 

To ensure that the GUARDEN Dashboard provides a fast, responsive, and user-friendly experience, 
it's crucial to focus on key performance benchmarks such as Page Load Time, JavaScript Execution 
Time, User Experience Metrics, and API Response Time. Regular monitoring of these metrics using 
tools like Lighthouse, Postman, Apache JMeter, and Chrome DevTools will help identify 
performance bottlenecks and guide ongoing optimization efforts. Maintaining high-performance 
standards is essential not only for user satisfaction but also for the dashboard's overall 
effectiveness as a data visualisation tool. 
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5.2 Unified Security Framework  
To ensure consistent security measures across the integrated components, a unified security 

framework will be adopted:  

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

¶ Use of Security Standards: The implementation will leverage industry-standard security 
protocols such as JWT (JSON Web Token) for authentication and authorization, BCRYPT 
for password encryption, and AES (Advanced Encryption Standard) for data encryption. 
These standards will ensure that data transmission and storage are secure, and user 
authentication processes are reliable.  

¶ Shared Security Libraries and Tools: The security mechanisms in the GUARDEN DSAs will 
utilize the com.auth0.jwt Java package for JWT creation and verification, and the 
BCryptPasswordEncoder class from the org.springframework.security.crypto.bcrypt 
package for password encryption. This unified approach will ensure that security 
mechanisms are consistently applied and managed.  

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

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

  

5.3 Unified Usability Guidelines  
Several components of the GUARDEN system being already operational as standalone applications 

(e.g. Pl@ntNet or MINKA), it is not possible to ensure a unified usability framework for the whole 

system. However, we will propose  an existing guideline (probably Material UI)  as a way to favor 

the convergence of the different front-ends towards a unified user experience.  

 

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

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

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

¶ Simplicity: Keeping interactions simple and minimizing user effort.  

¶ Clarity: Ensuring visual, conceptual, and linguistic clarity.  

¶ Consistency: Maintaining a consistent look and behaviour throughout the interface.  

¶ Control: Allowing users to maintain control during interactions.  

¶ Efficiency: Optimizing the interface to minimize users' eye and hand movements.  

¶ Recovery: Enabling users to quickly return to a specific point in case of difficulties.  
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¶ Usability Testing: Usability testing will be conducted following the Plan-Do-Check-Act 
(PDCA) cycle based on established test scenarios, described in more detailed in Deliverable 
5.1. This agile approach involves:  

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

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

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

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

5.4 Centralized Authentication Mechanism  
The GUARDEN DSAs will utilize a centralized authentication system based on JSON Web Token 

(JWT) technology. Users will be required to register and select a specific case study to access the 

related dashboard. This registered account will grant access to the unified dashboard, including to 

the services provided by the other platforms such as MINKA and Pl@ntNet.  Accounts created in 

those other platforms, however, will be managed separately. The JWT-based authentication will 

ensure secure access control within the GUARDEN system by providing a compact and self-

contained token that carries user claims and metadata.  

5.5 Unified data exchange technologies and formats  
Interoperability between the different components (between the unified contextualizable 

dashboard and the individual components) will be ensured using standardized technologies and 

data exchange formats:  

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

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

5.6 Unified data export capabilities  
The GUARDEN Contextualizable Dashboard will enable end-users to export data using 

standardized formats including:  

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

¶ GeoTIFF: For rasterized GeoSpatial data (e.g., species distribution maps), supporting high-
resolution spatial data sharing and analysis.  

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

We provide hereafter graphical views of the main workflows foreseen based on GUARDEN system 

components interactions. Those workflows are based on the outcomes of task 2.2 (case studies 

co-design) and of WP5 (case studies implementation including trials).  

6.1 In situ observations collection workflow  
GUARDEN system enables the collection of in situ observations of species through two main 

applications: Pl@ntNet for plant specimens (available on IoS, Android and web) and MINKA (also 

avalaible in IoS, Android and web) for specimens of any kingdom. Observations are managed 

within the respective back-ends and further enriched/revised by the community of contributors. 

The most trusted observations in terms of data quality are then published in GBIF. They will thus 

complement the observations contributed continuously to GBIF by other initiatives, institutes, 

platforms, etc. 

 

FIGURE 12 - IN SITU OBSERVATION COLLECTION WORKFLOW 

6.2 Automated species identification workflow  
GUARDEN system enables the automated identification of plants and birds through Pl@ntNet 

PhotoID API (for images of individual plants and vegetation plots) and through Naturalis AudioID 

API (for audio recordings of individual specimens and soundscape recordings).  The deep learning 

model running in Pl@ntNet PhotoID API is trained regularly based on in situ observations (images 

of individual plants and vegetation plots) coming from Pl@ntNet database and from GBIF. The 

deep learning model running in Naturalis AudioID API is trained regularly based on in situ 

observation (audio recording of birds) coming from Xeno-Canto. Pl@ntNet PhotoID API is called 

by: (i) Pl@ntNet and MINKA applications to facilitate the production of new in-situ observations, 

(ii) the augmÅÎÔÅÄ ÒÅÁÌÉÔÙ ÁÐÐÌÉÃÁÔÉÏÎ ÔÏ ÉÍÐÒÏÖÅ ÕÓÅÒȭÓ ÅØÐÅÒÉÅÎÃÅȟ ɉÉÉÉɊ ÏÔÈÅÒ ÅØÔÅÒÎÁÌ ÁÐÐÓ 

connecting through my.plantnet.org. Naturalis AudioID API is called by (i) MINKA application to 
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facilitate the production of new in-situ observation, (ii) other external apps connecting through 

the API end-point. 

 

 

FIGURE 13 - AUTOMATED SPECIES IDENTIFICATION WORKFLOW 
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6.3 Biodiversity modelling workflow 
Species and habitat distribution models are trained using the Deep SDM and HDM frameworks 

from various input data: (i) species occurrences in GBIF, (ii) other in-situ observations data (in 

particular EVA presence-absence data), (iii) remote sensing images and environmental rasters 

coming from various external sources: Ecodatacube, MS planetary, EBV data portal, CHELSA 

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

The species interaction models are trained from species interactions data stored in a Neo4j 

database and from in-situ observations data in GBIF and EVA. The Neo4j database is fed by the data 

hosted in GLOBI and other sources to be defined later. 

The predictions of the deep species distribution models can be improved by the use of the species 

interaction models. The species interaction graphs can be potentially enriched using the deep 

species distribution models. 

 

FIGURE 14 - BIODIVERSITY MODELLING WORKFLOW 
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6.4 Biodiversity indicators mapping workflow 
The production of the high-resolution maps of biodiversity indicators requires to implement a 

workflow which runs the species distribution and biodiversity indicators models in inference mode 

onto spatial grids of varying geographical extent and spatial resolution (e.g., at EU-scale for some 

indicators foreseen in GeoPl@ntNet or at local-scale for some very high-resolution indicators 

foreseen in the contextualized dashboards of each case study). The resulting maps as well as some 

intermediate results such as the species assemblages predicted at each site of the spatial grid will 

be stored in Pl@ntNet map server.  

 

 

FIGURE 15 - BIODIVERSITY INDICATORS MAPPING WORKFLOW 
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6.5 Ecosystem services modelling and mapping workflow 
The ecosystem services models will be trained from various input data depending on the case study 

(human activity rasters, land-use rasters, habitat maps, etc.) and from the output of species 

distribution and biodiversity indicator models dedicated to each case study area. The ecosystem 

services models will feed the decision-support application tool.  

Those models will allow to build maps as well as other data such as time series tha will be stored 

into the back-end of the contextualised dashboard and/or Pl@ntNet map server depending on the 

type of the data products.  

 

 

 

FIGURE 16 - ECOSYSTEM SERVICES MODELLING WORKFLOW 
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6.6 Landscape dynamics models 
The landscape dynamics models will be trained from various satellite imagery datasets and land-
use data samples of different time steps. The models will produce the land use / land cover maps 
over different time periods and the results will be of high accuracy in terms of spatial resolution 
and data quality. The model results in the form of thematic maps and graphs showing the 
landscape transformation. They will be stored in DRAXIS Geoserver and will feed the decision 
support application tool for their visualization.  

 

FIGURE 17 - LANDSCAPE DYNAMICS MODELLING AND MAPPING WORKFLOW 
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6.7 Contextualizable dashboard worflow 
The contextualized dashboard (central decision support application of GUARDEN) integrates all 

the necessary GUARDEN system components. It will display data managed in the contextualizable 

dashboard back-end (e.g. the output of the ecosystem services models) as well as data provided 

by other components (through web services).  

 

 

FIGURE 18 - CONTEXTUALISABLE DASHBOARD WORKFLOW 
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6.8 GeoPl@ntNet workflow 
The GeoPl@ntNet API will process data queried from (i) Pl@ntNet map server (predicted species 

in the area , value of biodiversity indicator in the area, etc.), (ii) Pl@ntNet back-end (e.g. species-

level information such as conservation status, traits, etc.), and from GBIF (species occurrences). It 

will return the results in json format. The GeoPl@ntNet front-end will query the GeoPl@ntNet API 

and display data coming from Pl@ntNet back-end (e.g., species images) and Pl@ntNet map server 

(e.g. biodiversity indicator or species maps).  

 

 

FIGURE 19 - GEOPL@NTNET WORKFLOW 
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6.9 Citizen science data visualisation workflow 
The CS data visualization tool will display dashboards fed by citizen science data stored in MINKA, 

Pl@ntNet and GBIF. 

 

 

FIGURE 20 - CITIZEN SCIENCE DATA VISUALISATION WORKFLOW 
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6.10 Augmented reality app workflow 
The augmented reality app will display data stored in the Augmented Reality app back-end (geo-

localised objects) and will interact with the GeoPl@ntNet API (to get species and indicators values 

of at a given position). It will interact with Pl@ntNet PhotoID API to enable the automated 

identification of species present around the user.   

 

 

FIGURE 21 - AUGMENTED REALITY APP WORKFLOW 
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6.11 AI-deliberation analysis workflow 
The AI-deliberation analysis component will analyze data coming from third-party applications such 

as discourse.  

 

 

FIGURE 22 - AI-DELIBERATION ANALYSIS WORKFLOW 
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7 Standards and formats  
We list hereafter the standards (or common exchange formats) already in use within GUARDEN 

system components or recommended for further developments.  

Standards used for the APIs:  

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

× OpenAPI: OpenAPI (formerly known as Swagger) is a specification and set of tools that 
enables the design, documentation, and interaction with RESTful APIs in a standardized 
and machine-readable format. 

Standard used for the sharing of maps and geospatial data:  

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

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

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

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

Standard used for in situ observations:  

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

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

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

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

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

https://www.ics.uci.edu/~fielding/pubs/dissertation/top.htm
https://www.openapis.org/
https://www.opengeospatial.org/standards/wms
https://www.opengeospatial.org/standards/wfs
https://www.geo.tuwien.ac.at/geoimage/Geotiff/geo/geotiff.html
https://datatracker.ietf.org/doc/html/rfc7946
https://inspire.ec.europa.eu/metadata-codelist/MetadataPublication.html
https://dwc.tdwg.org/
https://www.tdwg.org/community/ac/
https://www.opengeospatial.org/standards/sensorthings
https://www.gbif.org/fr/dataset/d7dddbf4-2cf0-4f39-9b2a-bb099caae36c#description
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for biodiversity occurrence data, integrating and harmonising diverse sources to ensure 
consistency and interoperability. It forms the foundation for biodiversity research, analysis, 
and conservation efforts worldwide. 

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

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

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

Additional standards used for biodiversity characterization:  

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

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

Other generic standards used:  

¶ json (metadata, URLs, textual data, numbers, etc.) 

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

¶ FlatBuffer for the sharing of compressed version of big data 

¶ jpg and exif for images 

¶ ISO-639-1/2/3 for languages (default language: EN) 

  

https://powo.science.kew.org/
https://www.ipni.org/
https://www.tdwg.org/standards/plant-names-authors/
https://www.tdwg.org/standards/wgsrpd/
https://www.iucnredlist.org/
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8 Conclusion 
This final version of GUARDEN system design and technical specifications provides a detailed 

description of the requirements of the GUARDEN system components to be developed and inter-

connected until the end of the project. In addition to the functional aspects (updated from the 

previous deliverable D2.5), it contains a detailed technical specification of the interfaces enabling 

the various components to interact, as well as a set of non-functional requirements relating to 

security, privacy and quality of service.  
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Annex 1 - Pl@ntNet vegetation plot surveys mockup 
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Annex 2 - GeoPl@ntNet mockup 
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