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1 Executive Summary

GUARDEN's primary mission is to protect biodiversity and its invaluable contributions to humanity
by placing them at the forefront of policy and decision-making. This goal will be achieved through
the development of user-centric Decision Support Applications (DSAs) and the establishment of
Multi-Stakeholder Partnerships (MSPs). The approach involves considering policy and
management objectives across diverse sectors and scales, fostering consensus to address data
gaps, and evaluating options for adaptive transformative change. To achieve these goals,
GUARDEN employs a suite of methods and tools, including Deep Learning, Earth Observation, and
hybrid modelling. This comprehensive toolkit aims to enhance the volume of standardized and geo-
localized biodiversity data, construct advanced predictive models for biodiversity and ecosystem
status indicators, and propose complementary ecological indicators for integration into local
management and policy.

"D4.3 - Integrated GUARDEN System and DSAs — Initial" is a significant milestone in the GUARDEN
project that marks the first step towards integrating cutting-edge technologies for environmental
monitoring and decision-making.

This deliverable provides a comprehensive overview of the integration's methodology, outlining
its scope, objectives, and adopted approach. The report also includes key definitions and features
regarding the development of the four dashboards tailored for each case study, in order to offera
clear understanding of the integrated GUARDEN system. It navigates through the interrelationship
of this task with the rest of the project work, mapping functionalities to requirements, and
detailing Human-Machine Interface (HMI) components. Furthermore, it outlines the work status,
implementation plan, and next actions, as well as technical specifications, including functional and
non-functional requirements, architecture, and security.

The final release of this deliverable, due in October 2025, will detail the work which has already
started and will be completed by reflecting the final deployment of the GUARDEN contextualizable
use-case dashboards/DSAs.

©GUARDEN, 2024 6
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2 Introduction

This deliverable, in accordance with the goals set out in task T4.4, is designed to address the
development of user-friendly interfaces/dashboards for the project’s use cases, a fundamental
aspect in ensuring effective utilization of Decision Support Applications (DSAs). The report outlines
the approach for designing a robust and secure Human-Machine Interface (HMI) tailored to the
unique requirements of four diverse use cases. By aligning with the mission of GUARDEN to
safeguard biodiversity through innovative technologies and Multi-Stakeholder Partnerships
(MSPs), this deliverable lays the groundwork for the development of an integrated system that
facilitates informed, cross-sectoral decision-making.

As the project progresses, this deliverable will evolve to provide a detailed presentation of the
finalized HMI components. This strategic approach ensures that the interfaces that will be
developed and the tools that will be integrated in GUARDEN serve end-user needs, and most
importantly align with the project's overall mission and objectives

2.1 Mapping GUARDEN outputs

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

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

GUARDEN GA GUARDEN Respective
Component GA Component Outline Document Justification
Title Chapter(s)
TASKS
Task 4.4 will perform the integration Chapter 1 provides the Executive
and configuration of the GUARDEN Summary.
system, as defined in the tool Chapter 2 details the GUARDEN’s
Task architecture of Task 2.4, and with Description of Action (DoA)
ask 4.
Inte ?’ra‘tion of respect to the system requirements commitments and Task
GUAgRDEN determined during the Task 2.1 description and the mapping to
through benchmarking and the report’s output with details
System and ” . ] . Chapters 1-6 .
compliance matrix relevant iterations. on how these are addressed in
Development ) . . ; ;
An iterative integration methodology this deliverable.
of GUARDEN . o . .
DSA will be adopted, with aim to ensure Chapter 3 discusses the project’s
s
collaborative technical integration scope and objectives, the
work, putting together the GUARDEN methodology, the main
system components in a loosely dashboard visualization features
coupled way towards ensuring and the interaction between

©GUARDEN, 2024
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interoperability, adequate
performance and scalability for large-
scale use during the project and
beyond. Additionally, this task will
design and implement the graphical
Human Machine Interface (HMI), by
leveraging EBOS bespoke WiseBOS
Platform, which is specialised for the
development of such dashboards, in
order to enhance the user’s
experience through unique DSAs. The
GUARDEN system will be developed as
a stand-alone module in a lab
environment to ensure its proper dry-
run operation, concept verification
and usability testing prior to the case
studies deployment and throughout
the project duration, it will constantly

T4.4 and other project tasks
namely WP2, WP3 and WFPs.
Also, it provides the definition of
important terms.

Chapters 4  presents the
functional and non-functional
requirements and also, lays out
the high-level description of the
dashboard architecture, the
main features and security.
Chapter 5 illustrates the revised
mock-designs that are utilized to
gather feedback from the
project’s team, use case leaders,
stakeholders and end-users, the
work status and the
implementation plan.

Chapter 6 provides a conclusion

be updated in order to integrate the to this deliverable’s work.
feedback received from the different
users, including the demonstrations

execution. Task Outputs: D4.3, D4.4.

DELIVERABLE

D4.3 - Integrated GUARDEN system and DSAs —Initial
Initial version of the integrated GUARDEN system and the five developed DSAs

2.2 Deliverable Overview and Report Structure

The report outlines the goals for the GUARDN integrated system and HMI in accordance with the
project's vision, as well as the approach to be taken, the essential parts and components, and the
initial architectural components. Additionally, the initial platform version and mockup designs are
presented.

Chapter 1 provides the Executive Summary while Chapter 2 details GUARDEN’s DoA commitments
and Task description and the mapping to the report’s output with details on how these are
addressed in this deliverable.

Chapter 3 discusses the project’s scope and objectives, the methodology, the main dashboard
visualization features, and the interaction between T4.4 and other project tasks namely WP2, WP3
and WPs. Also, it defines important terms used in the entire document.

Chapter 4 presents the functional and non-functional requirements and also, lays out the high-level
description of the dashboard architecture, the main features and security.

©GUARDEN, 2024 8
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Moreover, Chapter 5 illustrates the revised mock-up designs that are utilized to gather feedback
from the project’s team, use case leaders, stakeholders and end-users, the work status, and the
implementation plan.

Finally, Chapter 6 provides a conclusion to this deliverable’s work.

©GUARDEN, 2024 9
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This Chapter discusses the chosen methodology for the development of the HMI, a strategy that
is significantly influenced by the project's scope, timeframe, and objectives. Consequently, a brief
analysis is presented to highlight the key aspects of this approach. A crucial component of this
strategy involves close collaboration with other Work Packages (WPs) and the ongoing
assessment and validation of the provided services by the end-users. This ensures the satisfaction
of users' needs while simultaneously aligning with the overarching project objectives and
emphasizing the added value of the interfaces. To maintain alignment with the project's aim, a
summary of the project's objectives is provided below.

3.1 Project Scope and Obijectives

The fundamental concept of the project (Figure 1) revolves around utilizing environmental
observations to monitor the status and trends of biodiversity, along with the provision of multiple
ecosystem services. GUARDEN project aims to develop a comprehensive set of methods and tools
designed to assess the status and trends of biodiversity and ecosystem services effectively. These
tools will facilitate improved quantification and precise characterization of changes in biodiversity,
related ecosystem services, and the status of ecosystems. Additionally, they will help quantify the
impacts of key proximate and underlying drivers, such as landscape transition processes, human
disturbance regimes, climate change, technological modernization of local societies, and increased
human demand for natural resources.

Simultaneously, a suite of ICT tools will be created to support decision-making by end-users. The
project will develop four tailored Decision Support Applications (DSAs)- a unified HMI, each
addressing a specific case study. These DSAs will integrate components from the GUARDEN suite
of tools for monitoring biodiversity and ecosystem services according to end-users’ requirements.
This approach allows for the full customization of each DSA according to the specific needs of each
case study, rather than employing a generic tool.

The development of GUARDEN DSAs is characterized by collaboration with the intended end-
users. The emphasis is on creating tools that seamlessly integrate into existing workflows, rather
than requiring users to adapt to new systems. Clear audience targeting is a priority, avoiding
dilution of functionality by attempting to cater to multiple user groups without a thorough
understanding of their distinct needs and requirements.

©GUARDEN, 2024 10
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FIGURE 1: THE GUAEDEN CONCEPT.

3.2 Adopted Approach
The adopted approach for the design and implementation of GUARDEN system is described in the
following stages:

e Stage 1- Scope and Objective:

At the beginning, discussions focused on defining the scope of the work, aligning it with project
objectives, and identifying interdependencies with other work packages (WP2, WP3, WP5).

e Stage 2 - Business Functions and Target Groups:

Identification of business requirements and user groups for the HMI in collaboration with Use-case
Leaders and stakeholders. Storyboards were created by use-case partners, and stakeholder focus
groups were organized to gather end-user requirements.

e Stage 3 - User Requirements (Functional, Non-functional):

Functional and non-functional requirements were collected and analysed in alignment with the
project's scope. User stories and stakeholder requirements were collected in WP2, during the UC
stakeholder focus groups and then were translated into functional and non-functional
requirements.

e Stage 4 - Mock-up Designs, Dashboard Functionalities, and Requirement Mapping:

Functionalities were mapped to user needs through detailed analysis, and initial HMI designs were
validated by use case partners. Mock-ups were prepared using Figma wireframing tool.

e Stage 5 - Data Specifications, Integration Needs, and Connectivity:

The format of data and software systems for seamless information flow to the HMI was
investigated and registered from partners in WP2, WP3, and WP4.

e Stage 6 - Architectural Considerations/Security:

©GUARDEN, 2024 11
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Addressing data security and privacy considerations is crucial for the smooth operation of the
interface, ensuring compliance with data protection legislation.

e Stage 7 - Implementation (Testing, Refinement, Validation):

Adopting an Agile approach, an iterative process of redesign, development, testing, and repetition
will guarantee user satisfaction and compliance within the project framework.

e Stage 8 - Finalization and Acceptance:
The final stage involves validating the design and functionality of the system under WPs.

! The requirements, needs, and framework of the use cases are anticipated to be subjected to
further refinements and adjustments during deployment and testing. This is an expected
procedure of the agile approach and further changes and adjustments will be strategically
planned and integrated, ensuring alignment with the project's scope and timeframe.

3.3 Interrelationship with Project Work

The interdependencies between this deliverable (D4.3), which is a result of T4.4, and other
deliverables, tasks, and Work Packages (WPs), are shown in this section (Figure 2). Understanding
these connections between various task components and the overall GUARDEN project workflow
is crucial. The primary sources of information for this deliverable are tasks T2.1 and T2.2, which
translate stakeholder requirements into functional and non-functional requirements; tasks T2.4,
which analyse requirements and the architecture; and tasks T3.1-T3.6, T4.1-T4.3, which outline
work on the GUARDEN suite of tools.

The output of T4.4 will be used in the WPs5 validation work in the 4 real-life UCs, to ensure that the
GUARDEN integrated system performs seamlessly and effectively while enhancing knowledge
sharing, promoting technological solutions, and assisting informed decision-making for addressing
biodiversity-related issues. The validation feedback will be used to fine-tune the technological
outputs of WP3 and WP4 (T3.1-3.6, T4.1-T4.3), as well as the HMI (T4.4), to produce the second
version and final version of the DSAs, in month 35.

©GUARDEN, 2024 12
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FIGURE 2: PROJECT INTERDEPENDENCIES.

3.4 Definitions

A user-friendly dashboard will be created by combining different components that will collectively
contribute to its design and functionality. The general objective is to ensure that the dashboards
developed meet the diverse end user needs while maintaining data security and integrity:

1. Widgets: Widgets are the core components that make up a Dashboard. They are used to
visualize and summarize data and metrics from various sources in a meaningful way
according to the user's needs. Users can easily include or exclude specific data based on
their needs by using filters.

2. Requirements: These are the specific needs and functionalities expected from the
developed system. Requirements are categorized in functional and non- functional.

©GUARDEN, 2024 13
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Functional requirements are related to business areas and specific functionalities or
features that a system must provide to meet the users' needs while non-functional concern
dashboard capabilities like performance, reliability, scalability, usability, security.

3. Functional Requirements: The features or functions which developers must implement to
enable users to accomplish their tasks. They specify the essential capabilities that a
software application or system must have to meet the user's needs and fulfil its intended
purpose.

4. Non-Functional Requirements: They are not related to the system's functionality but
rather define how the system should perform. They are crucial for ensuring the system's
usability, reliability, and efficiency, often influencing the overall user experience.

5. Integration: It refers to the seamless connection between different components, systems,

or services to ensure a continuous flow of information. This is typically achieved using
Application Programming Interfaces (APIs).

6. User Roles: Different categories or roles assigned to users based on their needs and
responsibilities. Each role may have varying levels of access to data and specific sets of
tools or dashboard functionalities.

7. Filtering: A function that allows users to narrow down the data displayed for efficient data
analysis and informed decision-making.

8. Security/Data Protection: Ensuring the confidentiality, integrity, and availability of data.
This involves implementing features and mechanisms to protect data from unauthorized
access or breaches.

9. REST APIs: An APl is a set of rules that define how applications or devices can connect to
and communicate with each other. A REST API is an API that conforms to the design
principles of the REST, orrepresentational state transfer architectural style. For this
reason, REST APIs are sometimes referred to RESTful APIs.They allow services to access
and interact with resources in another service, providing flexibility in designing
interconnectivity [1].
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3.5 Features

3.5.1

Web-based Solution

The web-based solution is a central component of the GUARDEN system, providing a user-
friendly and accessible platform for stakeholders to interact with biodiversity and ecosystem

service data.

Its main features are:

1.

Responsive Design: Ensures optimal viewing and interaction across various devices,
including desktops, tablets, and smartphones.

Intuitive Interface: User-friendly design for easy navigation and seamless interaction with
the dashboard and visualization tools.

Cross-Browser Compatibility: Compatibility with major web browsers to ensure a
consistent experience for users.

Customizable Dashboards: Users can personalize their dashboards, selecting specific
widgets and layouts to suit their preferences and workflow.

Interactive Visualizations: Utilizes interactive charts, graphs, and maps to enhance data
exploration and understanding.

Data Export Functionality: Allows users to export data and visualizations for further
analysis or reporting purposes.
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3.5.2 User Roles
User roles define the level of access and functionalities available to different stakeholders based
on their responsibilities and needs. Features:

1. Role-Based Access: Assigns users to specific roles, such as policymakers, consultants, or
researchers, with corresponding access rights.

2. Customizable Permissions: Administrators can tailor permissions for each role, allowing
fine-grained control over data access and actions.

3. Stakeholder-Specific Roles: Tailors roles to different stakeholder categories, ensuring
relevance and alignment with user needs.

4. Role Modification: Administrators can modify roles as needed, adapting to evolving
project requirements and user responsibilities.

5. Role-Based Dashboards: Displays specific dashboards and functionalities based on the
user's assigned role, streamlining their experience.

3.5.3 User Management
User management is integral to ensuring a secure and personalized experience within the
GUARDEN system.

1. User Authentication: Secure login mechanisms to authenticate users and control access to
the system.

2. User Registration: Enables new users to register accounts, ensuring proper validation and
verification processes.

3. Password Recovery: Implements a secure process for users to recover their passwords in
case of forgetfulness.

4. Access Control: Hierarchical access controls to define roles and permissions for different
user categories.
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4 Technical Specifications

4.1 Functional and Non-functional Requirements

Table 2 below presents the functional and non-functional requirements for the GUARDEN DSAs
across different use cases: Spain (SP), France-Madagascar (FR-MD), Greece (GR), and Cyprus (CY).
Table 3 presents a list of the available tools and datasets intended to be integrated into the DSAs
for each case study.

TABLE 2: COMMON FUNCTIONAL (F) AND NON-FUNCTIONAL (NF) REQUIREMENTS.

Functional Description Priority Spain France- Greece Cyprus
Requirement (SP) Madagascar (GR) (cv)
ID (FR-MD)
F-o1 User Authentication: Users should M (Must N v N v
log in with a username and password. = have)
F-02 User Roles and Permissions: Define M (Must v v v v
roles such as Use Case Leader and have)
Volunteers with appropriate
permissions.
F-03 Data Visualization: Display uploaded M (Must V4 V4 v v
data on a map within the DSAs. have)

Provide visualization of raw data,
graphs, and results.

F-04 Integration with External APIs: M (Must 4 v v v
Support alternative external APIs like | have)
Pl@ntNet or Bird Sound
Identification apps.

F-05 Geolocation Tagging: The system M (Must v v v v
must tag each photo with the have)
geographic location.

F-06 Data Analysis and Reporting: The M (Must v v v v

DSAs must have built-in data analysis | have)
and reporting features.

F-07 Data Export: Capability to export M (Must v V4 v v
comprehensive reports and vector have)
information.

F-08 Scenario-Based Analysis: Enable users | M (Must v v v v
to select parameters affecting the have)
environment and adjust information
accordingly.

F-09 The DSAs should have the ability to S(Should @ v - v v

export biodiversity data in different have)
formats to use them in vectorial
programs and make reports.
NF-o01 Performance: DSAs should handle a M (Must v V4 v v
large volume of concurrent users have)
during peak times efficiently.

NF-02 Security: The system must comply M (Must A N i N
with industry standards for data have
security and user privacy.
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NF-03 Usability: The user interface should M (Must v v v v
be intuitive and user-friendly for both | have
experienced and novice users.

TABLE 3: TooL/DATA & Use CASES MAPPING. DATA TO BE VISUALISED IN THE DSAS AND THEIR SELECTED
INTEGRATION METHOD.

Tool/Data Responsible Integration Spain France- Greece Cyprus

Organisation Method (sP) Madagascar (GR) (cy)
(FR-MD)
Ecosystem Services & HUA No Integration = v v v
Future scenarios of
biodiversity tool

Pl@ntNet vegetation Inria / Cirad API N N4 - v
plots
Bird sound Naturalis Integration - - v Vi
identification tool through an API

to be

developed
Citizen science data ICM-CSIC API v v - -

acquisition &

collaborative

validation (MINKA)

Dashboard for ICM-CSIC API Vi </ - -
evidence-based

decision-making

supported on citizen

science data

Al-based deliberation IIA-CSIC Integration v - - -
analysis tool through an API

to be

developed
Landscape dynamics Draxis Integration - = v v
mapping tool through an API

to be

developed
Map server Inria / Cirad API v v v v
Geo-Pl@ntNet API Inria / Cirad integration v v V4 v

through an API

to be

developed
Species interactions MBG maps will be v v - v
mapping tool uploaded to the

map server
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4.2 Design and Architecture

4.2.1  HMI Design Principles

Design Principles for HMI provide a set of guidelines that ensure the HMI's interface is intuitive,
efficient, and capable of delivering an exceptional user experience. By following these principles,
dashboards can be created to present information in a clear and organized way, making it easier
for users to interpret and make informed decisions [2].

Consistency in visual elements, such as colours, typography, and icons, helps users quickly
understand and navigate. Simplicity ensures that the HMI avoids unnecessary complexity, enabling
users to focus on the most relevant information. Visibility ensures that important data and key
metrics are prominently displayed, enabling users to easily locate and comprehend the insights
they need. Feedback mechanisms, such as interactive charts or real-time updates, provide users
with a sense of control and confidence in their interactions with the HMI. Efficiency is achieved by
optimizing workflows and minimizing the steps required to access and analyse data. Lastly,
accessibility considerations ensure that the HMI is inclusive, allowing users of different abilities to
access and benefit from the information presented.

The following main Design Principles for HMI were considered for the design of the GUARDEN
Decision Support Applications (DSAs):

e Aesthetically Pleasing: Visual appeal enhanced by incorporating meaningful contrast, clear
groupings, alignment, three-dimensional representations when necessary, and effective use of
colors and graphics.

e Keep It Simple, Stupid (KISS): Interactions simplified for a seamless user experience,
minimizing the effort required for engagement. Utilization of familiar concepts and metaphors
to leverage users' prior experience.

e (Clarity: Visual, conceptual, and linguistic clarity ensured in the interface. Users easily
understand the information and functionality presented.

e Comprehensibility: Interface designed to be easily understood, friendly, and logically flowing.
Users can follow the interface's structure and navigate without confusion.

e Consistency: Consistent look and operation maintained throughout the interface. Elements
exhibit similar appearance and behaviour, actions yield consistent results, and standard
elements' function and position remain unchanged.

e Control: Users allowed to maintain control during interactions, avoiding interruptions with
errors. Users have the ability to navigate and make decisions without unexpected disruptions.

e Efficiency: Users' eye and hand movements minimized by optimizing the interface. Smooth
transition between different control flows, short navigation paths, and prevention of users
losing their work.

e Simplicity: Striving for an interface that is as simple as possible. Common actions made easy,
even if uncommon actions are slightly more challenging. Aim for uniformity and consistency
throughout the interface.

e Recovery: Users enabled to quickly return to a specific point in case of difficulties. Mechanisms
implemented to prevent users from losing their work due to errors or communication
problems.
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4.2.2  Cross Browser and Multi-device Compatibility

In modern web development, ensuring cross-browser and multi-device compatibility is paramount.
With a multitude of browsers and devices available, a website or web application must function
consistently across various platforms, guaranteeing a seamless user experience.

The implementation of the GUARDEN Decision Support Applications (DSAs) incorporates cutting-
edge technologies such as HTML5, CSS3, and JavaScript to achieve cross-browser and multi-device
compatibility[3]. HTML5 provides a standardized markup language with enhanced support for
multimedia, semantic elements, and responsive design. CSS3 offers advanced styling capabilities,
including media queries for responsive layouts and flexible grid systems that adapt to different
screen sizes. JavaScript, being a versatile scripting language, enables dynamic functionality and
interactive features, enhancing the user experience across diverse devices. Leveraging these
technologies allows developers to employ responsive web design techniques, ensuring
adaptability to different screen sizes and orientations. CSS3 media queries enable targeting
specific device characteristics and applying appropriate styles. JavaScript frameworks and libraries
facilitate the creation of cross-browser and multi-device compatible applications by providing
abstraction layers and browser feature detection to handle inconsistencies across different
browsers. Testing and debugging tools specific to cross-browser compatibility, such as browser
developer consoles and online testing services, aid developers in identifying and resolving
compatibility issues. Adhering to web standards and following best practices in coding and design
contribute to a smoother experience across browsers and devices.

In summary, achieving cross-browser and multi-device compatibility is essential for delivering a
consistent user experience and maximizing the reach of digital solutions. HTML5, CSS3, and
JavaScript, coupled with testing and adherence to web standards, empower developers to create
robust, adaptable, and accessible applications that cater to diverse user environments.
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4.2.3 Architecture
The illustration below provides the architecture and main components of the DSA HMI backend, how the
components communicate and how data flows between the various components.

Human Machine Interface

'Directive '

{}

Custom behaviour
to DOM Elements Events generated
are handled by
Components

Views are displayed CRUD Calls
for each section

Tables

HTML + CSS related by
[ -+ Components / Foreign Key
ASP.NET CORE MysaL
N - ( -

WEB API (Backend Datanare

3

i Service) Stored
Procedures ———
Table2 Tables
I related by
A — Foreign Key
AJAX Requests
Handlers &
CRUD Calls
bt

Table3

DSAs Basic Architecture

FIGURE 4: BASIC ARCHITECTURE OF THE GUARDEN DSAs.

4.2.4 Programming Languages and Technologies Used

As described in D2.5 ‘GUARDEN system architecture design and technical specifications - Initial’,
the DSAs interfaces are constructed using open-source standards and involve utilizing a mixture of
programming languages and technologies, organized into client-side and server-side categories:

4.2.4.1  Front-end Programming Languages and Technologies

Client-side technologies refer to the tools responsible for 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.

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.

©GUARDEN, 2024 21



D4.3 - Integrated GUARDEN system and DSAs - Initial %uﬁ;i G UA R IJ CN

2. CSS (Cascading Style Sheets): CSSis 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 3 party solutions for Human Machine Interface (HMI) purposes:

a) zZingChart: 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
optionsit 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.
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4.2.4.2 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
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, Model-view—controller (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, arelational 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.

4.3 Main Features & Security
1. Access Control and User Roles: The user management feature within the GUARDEN
Decision Support Applications (DSAs) is responsible for comprehensive handling of user
accounts. This encompasses tasks such as creating, deleting, editing, activating, and
resetting user passwords. Additionally, it involves displaying user information, locking or
unlocking accounts, and granting or revoking access to specific modules based on user
permissions. Roles within the GUARDEN DSAs include:

e System Administrator: This role, undertaken by eBOS as the lead developer, is
responsible for managing account registrations and performing all system setups.

e <User Role Name>: Created by the system administrator, this role is assigned to specific
users who gain access to designated actions or modules within the GUARDEN DSAs.
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Consideration has been given to implementing robust security measures to protect privacy,
ensuring the GUARDEN DSAs maintain a secure system where sensitive information is kept
confidential.

2. Authentication |/ Authorization (JWT): JSON Web Token (JWT) serves as the
authentication and authorization mechanism within the GUARDEN DSAs. JWT is an open
standard for securely transmitting information, providing a compact, self-contained token.
Key aspects of JWT include:

e Token Structure: Comprising a header, payload, and signature, JWT tokens contain
metadata, user claims, and a signature for integrity verification.

e Security Algorithm: The HMACSHA512 algorithm, constructed from the SHA-512
function, is utilized for signing JWT tokens.

¢ Implementation: The com.autho.jwt Java package is employed to create and verify
JWT tokens, with the HMAC512 function from com.autho.jwt.algorithms Java package
used for signing.

3. Password Encryption: Passwords stored in the GUARDEN DSAs database are encrypted
using the BCRYPT algorithm. BCRYPT, an adaptive hash function based on the Blowfish
cryptographic algorithm, introduces a work factor to control the hash function's
computational intensity. This adaptive nature makes it highly resistant to brute-force
attacks. The “BCryptPasswordEncoder” Java class from the
“org.springframework.security.crypto.bcrypt” package is used for effective password
encryption.

4. Data Transfer and Encryption: Data privacy and security considerations are paramount in
the design of the GUARDEN DSAs. The Advanced Encryption Standard (AES) algorithm is
employed for encrypting and decrypting data where necessary. AES, known for seamlessly
combining speed and security, ensures online activities proceed without disruption. When
required, data within the GUARDEN DSAs are encrypted or anonymized before storage,
enhancing overall data protection.

4.3.1  GUARDEN System Deployment

The GUARDEN DSAs are deployed on the cloud using a Linux Docker configuration [4]. Docker, a
widely adopted containerization platform, enables the packaging of applications and their
dependencies into standardized, isolated units known as containers. These containers offer a
uniform and portable environment, ensuring the seamless execution of software across diverse
computing environments.

The significance of Docker lies in several aspects. Firstly, it offers consistency and reproducibility
by encapsulating both the application and its dependencies within a single container. This
guarantees the uniform performance of the software across various environments, encompassing
development, testing, and production phases.

Moreover, Docker provides a powerful solution for addressing the complexities associated with
deploying applications in the cloud. The containerized nature of Docker allows for simplified
scaling and resource utilization. This approach not only streamlines the deployment process but
also enhances the overall agility and manageability of the GUARDEN DSAs, aligning with modern
cloud computing best practices.
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4.4 Components Integration
This section includes the following:

i. Description: A concise overview of the tools’ functionality and purpose within the GUARDEN
Integrated System and DSAs.

ii. Integration Method: An explanation of the approach used to integrate the tools/datasets into
the GUARDEN system. Details on any APIs, protocols, or frameworks utilized for integration.
Description of the data flow and communication pathways between the integrated tools and the
GUARDEN system, including details on requests and responses.

iii. Server: Server-related information, such as the hosting or deployment location of the tools.
4.4.1 Pl@ntNet (observations and vegetation plots API)

Pl@ntNet APl is a set of REST routes that provide easy access to different features of the PI@ntNet
[5] platform, for integration in higher-level client apps like GUARDEN DSAs. Those features include:

a) image-based single species identification,

b) image-based multispecies identification of vegetation plots,
c) single species observations search engine,

d) vegetations plots search engine.

Multispecies identification of vegetation plots and access to the history of already identified plots
is particularly relevant in the DSA context, as it allows us to quickly evaluate, list and compare
species present in an area and monitor them across time. Additionally, access to the history of
observed single species in an area adds information about species present at a given time and
location, whether these observations were made in the context of GUARDEN, or by citizens in
other contexts.

Pl@ntNet API is available at https://my-api.plantnet.org. This page provides an interactive
description of all available API routes, including but not limited to the ones mentioned here. It
allows testing the API routes through a convenient interface (Swagger Ul, using OpenAPI
description), and gives all details needed to integrate the API usage in external applications such
as GUARDEN DSAs.

O B https//my-api plantnet.org % v

M. & cosiCloud ' DEN

My Pl@ntNet AP| &=

[ Base URL: my-api.plantnet.or

API Service for developers

FIGURE 5: PL@NTNET API.
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plantnet.org

L Pl@nt\ct [APE

\

Pl@ntNet API for developers

Identify plants using Pl@ntNet engine

FIGURE 6: ACCESS TO PL@NTNET API.

Access to the API routes requires an APl Key, which can be obtained by creating an account on
https://my.plantnet.org/signup (Figure 6) Permissions need to be obtained to access the API

routes, by contacting the PI@ntNet team. Different accounts have different permissions to
prevent for example non GUARDEN-related users from accessing GUARDEN-dedicated routes. In
the case of GUARDEN DSAs integration, a dedicated PI@ntNet APl account was created that gives
DSAs access to the features listed below.

4.4.1.1

¥+ ##

Single Species Identification

API Description URL: https://my-api.plantnet.org/#/my-api/postV2ldentifyProject

This API route enables the submission of one or more images of a single plant, providing
an Al-generated prediction regarding the most probable species names.

Input: One or more images of a single plant individual, ideally corresponding to isolated
organs such as leaves, flowers, or bark, along with geolocation data.

Output: Upon submitting the image(s), the PI@ntNet Al computes a list of probable
species corresponding to the individual plant, along with a confidence score for each
prediction. A higher score indicates a higher probability that the individual in the image(s)
belongs to the specified species. The output includes the most similar images in the
database for each possible species. Additionally, common names are provided in various
languages, including French, English, Spanish, Greek, and Catalan. The output file format is
JSON.
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O 8 https://my-api.plantnet.org/#/my-api/postvzidentifyProject T 0% Ty
L= /v2/identify/{project} Identification service A

This service allows plant identification (one request => one plant)
Mime: image/jpeg or image/png
Max POST size: 52428800 bytes

Parameters | Try it out
Name Description
project * ™74 Referential in which to search the plant (use one of the available projects or “all" to get the results of the most relevant project)

string Default value : all

path)

include-related-  If true, for each probable species, the most similar images will be returned

images Default value : false
boolean ‘ false v
query
no-reject Disables "no result" in case of reject class match
boolean Default value : false
query ‘ false ~ ‘ [
lang i18n (default: en)
string Available values : en, fr, es, pt, de, it, ar, cs, nl, sk, zh, ru, tr, pl, uk, he, el, fi, id, ms, ca, ja, hu, hr, da, ro, bg, nb, sl, sv, et, eu, ur, ml, cy, ku, gl, eo, sat,
query zh-tw, pt-br, hi, de-at, sr, zh-hant, bn, fa
Default value : en
(an )
type Model type: use "kt" for new POWO / WGSRPD based floras and identification engine (2023+), "legacy" for legacy floras and identification engine (2022)
string Available values : kt, legacy
query | - v |
api-key Your private APl key

string

query

authenix-access- Authenix access token — Authenix is an alternative way of authenticating. Use api-key unless you know what this is.
token
string

query

images * "mavired
array[file]

Images (all images must respresent the same plant) [max: 5 images]

formData

organs Organs associated to images (must contains one of: leaf, flower, fruit, bark, auto. Could contains: habit, other) [max 5 organs and organs.length must be
array[string] equal to images.length]
formbata Available values : leaf, flower, fruit, bark, auto

Default value : List[]

leaf
flower
fruit

FIGURE 7: PL@NTNET SINGLE SPECIES IDENTIFICATION API

4.4.1.2  Multi species Identification of Vegetation Plots

#% APl Description URL: Available Soon (a beta version exists, but it requires stabilization and
refinement before being accessible to the public)

#+ This API route facilitates the submission of one image of a vegetation plot containing
multiple plants, providing an Al-generated prediction for the most probable species names
for each identified plant.

%+ Input: One image of a vegetation plot containing multiple plant individuals of various
species, ideally a "quadrat" (a square image with known dimensions), along with
geolocation data.

% Output: A list of species detected by the PI@ntNet Al corresponding to the submitted plot
image, identified among all detected plant individuals. Common names are provided in
various languages, including French, English, Spanish, Greek, and Catalan. The output file
format is JSON.
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4.4.1.3 Single species observations

% API Description URL:
https://myapi.plantnet.org/#/DarwinCore/getV2DwcOccurrenceSearch

<% This APl route enables querying the PI@ntNet database of plant observations to retrieve
all data that matches a specified geographical area.

4% Input: Multiple criteria are available to filter the list of Pl@ntNet plant observations,
including observation dates range, quality of identification, species name, and
geographical area (rectangle).

%+ Output: The API returns a list of PI@ntNet observations that match the input criteria. The
output format is JSON, designed to closely adhere to the DarwinCore standard fields.

m /v2/dwc/occurrence/search Search DarwinCore occumences (GBIF-like) o~

Parameters

Name

page
integer
{query)

offset
integer
{query)

limit
integer
(query)

startTime
integer
(query)

minEventDate
string
(query)

maxEventDate
string
{query)

license
string
[query)

hasldentification
boolean
(query)

scientificName
string
(query)

taxonid
integer
{query)

identificationVerificationStatus
string
(query)

hasCoordinate
boolean
(query)

minDecimalLongitude
number
(query)

maxDecimallLongitude
nunber
{query)

minDecimalLatitude

- __

Search latest updated occurrences, in DarwinCore JSON format

Cancel

Description
Page number starting at 1
page
Number of results to skip. lgnored if page is set

0

Maximum number of results to return. Ignored if page is set

100

Start timestamp in millisecends (get it on page 0) (prevent pagination shift if new occurrences are added)

startTime

Minimum wvalue for eventDate (date_obs) in YYYY-MM-DD format
minEventDate

Maximum value for eventDate (date_obs) in YYYY-MM-DD format
maxEventDate

License. Multiple values allowed separated by ,

cense

If true, only returns occurrences attached to a valid scientific name (matching referential)
w

Filter on current probable species

scientificName

Filter on GBIF taxon ID. Currently only works with value 0. that returns unidentified occurrences

taxonld

Filter on determination certainty - research: valid observation, casual: not valid observation

-

If true, only returns eccurrences attached to a pair of geographic coordinates

w

Minimum (west) longitude, in decimal degrees

minDecimalLongitude

Maximum (east) longitude, in decimal degrees

maxDecimalLongitude

Minimum (south) latitude, in decimal degrees

FIGURE 8: PL@NTNET SINGLE SPECIES OBSERVATION APl PAGE.
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{
"query®: {
“project”: "an\",
‘images®: [
"6203a3044b602303b3587c454cT1276¢h"
1
“organs*: [
"Llear®
1,
"includeRetatedimages”: true,
"noReject": false
},
"Languzge”: "es",
“prereredreftarential’: "k-world-rlora",
"bestMatch™: “Scilla birolia L.*,
“results®: |
(
“scoze": 0.63582,
specics®: €
"wocipntificNameWithoutAuthor”: "Seilla bifplia”,
"soimntiticNameduthorshin®: "L.",
“genus®: €
"scienriricNameMithouthuthor”;: *Scilla”,
*sci¢"®iricNaneAuthorsnip”: ",
“scientiricNane”: "Scitta"
|
“fanily“: (
"scientificNaneMithoutAuthor™: *Asparadaceae”,
*sclentificNameAuthorship®: .
"scientificName™: "Asparagaccac”
3
"commonNares": [
"scillia hispinica"
)l
"scientificName™: "Scilla birolia L."
|
"inages": |
{
“organ": *flowez®,
*author": "Philipp Moxrx",
®License®: "cc-by-sa®,
*date": £
"timestamp®: 1645541671675,
"string"; "22 de Tebrerp de 2022"

v
"url®: {

“https: //bs.plantnet.org/image/o/0f15091913ddddicc2fcolBe60398229676351%e",
"https://ba.plantnet.org/ image/n/0f150819f 3ddddice2f co18e68398209678351%",
"nttps://bs.plantnet.org/image/s/Bf 1506101 Sdndd1oc 2fco18ea830982a06 785519

m

“
2

"o

e
5

oo

Y.
"citation™: "Philipp Merx / PlantNet, cc-by-sa”

*gbir®: (
“ld®: “2767566"
b
"powo®: {
"id": *S4ae89-1"
}
% %
{
"score": 0,1107,
"species*: (
“scientiricNameNithoutduthor”: “Seilla verna®,
“selentificNameduthezshipn®: “Huds.",
“penus®e {
YscoientificNamedithoutAuthor”: *Scilla®,
*sciontificNancAuthorship™: *"
*scientiricNane": "Scilla"
h
“ranily": {
“scientiricNamedithouthutnor”: “Asparagaceas”,
"scientiricNamesuthoxsaip": ",
“sclentiricName": “Asparagaceae”
N
“rommonNames": [
"Escila de la prinavera®
1,
"soimatiticName”: "Scilla wverna Huds.®
Y,
({.)

FIGURE 9: EXAMPLE OF SINGLE SPECIES REQUEST OUTPUT.
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4.4.1.4 Vegetations Plots

+ API Description URL: Available Soon.

+ This APl is currently in development and will soon be released. It will enable users to search
for vegetation plots within the PI@ntNet database based on various criteria. Its
functionality will closely resemble that of the "Single species observations" APl mentioned
earlier, both in terms of input and output.

+ Input: Users can provide multiple criteria to filter the list of PI@ntNet vegetation plots,
including survey dates range, quality of identification, species name, and geographical area
(rectangle).

+ Output: The APl will return a list of PI@ntNet vegetation plots that match the input criteria.
The output format will be JSON, designed to closely adhere to the DarwinCore standard
fields.

The PI@ntNet API and its underlying software bricks are hosted on numerous virtual and physical
machines located at the Direction of Information Services of Cirad in Montpellier, France. The
underlying software bricks include, but are not limited to, NodeJS, HAPI, NuxtJS, Redis, and
ArangoDB. Data produced and served by the API are stored on dedicated Storage Virtual Machines
(SVM) hosted by ISDM-MESO, a regional data center dedicated to storing very high volumes of
research data, located in Montpellier, France.

4.4.2 GeoPl@ntNet (API)

The GeoPl@ntNet APl comprises a series of REST routes designed to offer access to various
functionalities of the GeoPl@ntNet platform. It is intended for integration into higher-level client
applications like GUARDEN DSAs. These functionalities include providing information on case
studies covered by GeoPl@ntNet, biodiversity indicators at specific locations/areas within the case
study, and predicted species lists with detailed information at particular locations/areas inside the
case study. Biodiversity indicator scores and species predictions obtained from Deep learning for
vegetation plots are of paramount importance within the context of DSAs. They facilitate swift
evaluation, listing, and comparison of predicted species in an area, thereby supporting ongoing
monitoring efforts over time. Additionally, access to individual species predictions in specific areas
offers valuable insights into the presence of species at strategic locations. The GeoPI@ntNet API
can be accessed at: https://my-api.plantnet.org/?tags=guarden. Access and API keys are managed
in the same manner as described in the PI@ntNet API in section 4.2.2. Notably, the same
credentials can be utilized to access both the GeoPI@ntNet APl and the Pl@ntNet API.
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My Pl@ntNet API =2

[ Base URL: my-api.plantnet.org/ |

API Service for developers

Schemes

HTTPS w

guarden

/v2/guarden/cs Getcase studies list

/v2/guarden/{cs}/species Getspecies iist
/v2/guarden/{cs}/indicators Getindicaors kst

/v2/auarden/{cs}/details Get case studv details

FIGURE 10: GEOPL@NTNET API.

@GUARDEN

The GeoPl@ntNet APl and its underlying software components are hosted on multiple virtual and
physical machines located at the Direction of Information Services of CIRAD in Montpellier, France.
The underlying software components primarily include Malpolon, NodelJS, HAPI, NuxtJS,
Postgresql, and Postgis. Data produced by the API, including prediction scores, indicators, and
species coverage, is stored on dedicated Storage Virtual Machines (SVM) hosted by ISDM-MESO,
aregional data centre specializing in the storage of very high volumes of research data, situated in
Montpellier, France. For all GeoPI@ntNet API routes, it is essential to specify the case study for

which information is requested.
4.4.2.1  (Case studies Web services

4+ API Description URLs:

https://my-api.plantnet.org/?tags=guarden#/guarden/getV2GuardenCs

https://my-api.plantnet.org/?tags=guarden#/guarden/getV2GuardenCsDetails

4+ Input: Case study alias (e.g., Cyprus)

4+ Output: Generic information on the case study, including area, description, and

GeoPl@ntNet map server URLs.

4.4.2.2 Biodiversity Web services

4+ API description URLs:

https://my-api.plantnet.org/?tags=guarden#/guarden/postV2GuardenCsindicatorsPoint

https://my-api.plantnet.org/?tags=guarden#/guarden/postV2GuardenCsindicatorsArea

+ Input: coordinates of a point/area in Geojson fomat:
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"extent": §
“coordinates": [
L

[
3.6842023,
43.508223

3.6076355,
43.4379631

3.77037685.

FIGURE 11: GEOPL@NTNET APl REQUEST FOR BIODIVERSITY INDICATORS.

%+ Output: A list of score by indicators computed by the GeoPl@ntnet Al at this point/area.
The list of indicators will be expanded in future developments:

i
"total": 2,
"indicators": [
i
“name”: "shannon",
"score™: 10.5%2828
"name”: "iucn_threat”,
"score”: 9.744615
I
]
¥

FIGURE 12: GEOPL@NTNET APl RESPONSE FOR BIODIVERSITY INDICATORS.
4.4.2.3 Predicted species list
% APl description URLs:

https://my-api.plantnet.org/?tags=guarden#/guarden/postV2GuardenCsSpeciesArea

https://my-api.plantnet.org/?tags=guarden#/guarden/postV2GuardenCsSpeciesPoint

4+ Input: coordinates of a point/area in Geojson fomat:

i
"point": -3
"lon": - 3.8694010499837432,
"lat”: 43.650578133682423
i
¥

FIGURE 13: GEOPL@NTNET APl REQUEST FOR PREDICTED SPECIES.
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+ Output: A list of probable species computed by the GeoPl@ntnet Al predicted at
this point/area. The list is completed with valuable information, images, GBIF and
[UCN Redlist information:

i
"total": 20,
"species": [
i
'mame": "Galium aparine",
'author": "L.",
‘family": "Rubiaceae",

‘commonMames": [
Stickywilly"
1.
"images": [
1
"id": "Ba2dcB52a29ce39317dd2e9571£3573dedefbabea",

"o": "https://bs.plantnet.org/image/o/Ba2dcB52a29ce39317dd2e95713573dedefbalbee",

"m": "https://bs.plantnet.org/image/m/Ba2dcB52a29ce39317dd2e95713573dedefbalbee",

"s": "https://bs.plantnet.org/image/s/Ba2dcB52a29ce39317dd2e95713573dedefbalbee"

T

FIGURE 14: GEOPL@NTNET APl OUTPUT FOR PREDICTED SPECIES.

4.4.3 Map Server

The GeoPl@ntNet Map Server is a combination of multiple technologies designed to deliver maps
to Decision Support Applications, adhering to the OpenGIS® Web Map Service Interface Standard
(WMS). Web Map Service (WMS) is valuable for its ability to dynamically serve map images over
the web, allowing users to access and visualize geospatial data seamlessly. By adhering to
standardized protocols, WMS ensures interoperability across various GIS platforms, enabling
widespread sharing and integration of spatial information for efficient decision-making and
analysis.

The MapServer provides an open and accessible interface that can be easily integrated into any GIS
system, including popular platforms like QGIS and Leaflet. This interoperability allows users to
effortlessly display and analyse maps within their preferred GIS environments, promoting flexibility
and widespread adoption.

The GeoPl@ntNet Map Server is composed of multiple virtual and physical machines located at
the Direction of Information Services of Cirad in Montpellier, France, containing:

+ Postgresql Database with PostGis extension for raster storage

4+ QGIS Server to provide WMS Interface

+ Several terabytes of Geotiff Rasters

4+ MapProxy, a tile cache optimizing performance for large Rasters

The map URLs are specified by case studies, currently available for three locations: Herault (FR),
Cyprus (CY), and Barcelona (SP). Future expansions are planned in the coming months. The
available maps include species distribution predictions from a DeepSDM model, biodiversity
indicators, and generic geographic information for case studies.
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Data Source M:
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FIGURE 15: WEB MAP SERVICE.

To display the maps, any GIS system can be utilized, such as QGIS Desktop Client, using the
provided example URLs below:

Biodiversity indicators URLs:

https://maps.plantnet.org/guarden/herault/indicators?service=WMS&request=GetCapabilities&ve
rsion=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&ver
sion=1.1.1
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Guarden-indicators — QGIS
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FIGURE 16: BIODIVERSITY INDICATORS MAPS

Case studies information URLs:

https://maps.plantnet.org/guarden/herault/references?service=WMS&request=GetCapabilities&v
ersion=1.1.1

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&ve
rsion=1.1.1

Guarden-reference — QGIS

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

NEERRY (L NPPRLABEEIOR & o -0 &30

Layers a® =
vy @BeTi BADL :

» v/ @ Herault extent
~ v ¥ OSM standard

FIGURE 17: CASE STUDIES MAPS.
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Species distribution URLs:

https://maps.plantnet.org/guarden/herault/species/42182service=WMS&request=GetCapabilities&
version=1.1.1

https://maps.plantnet.org/guarden/barcelona/species/2272service=WMS&request=GetCapabilities
&version=1.1.1

https://maps.plantnet.org/guarden/cyprus/species/5312service=WMS&request=GetCapabilities&v
ersion=1.1.1

Guarden-species — QGIS

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
NEBRRY O*29R  PRRALEBSEIOR G-T @ % T
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FIGURE 18: SPECIES DISTRIBUTION MAPS.

4.4.4 Landscape dynamics mapping tool

The landscape Dynamics Mapping tool aims to deliver a series of Land Use/Land Cover (LU/LC)
products in the form of interactive geospatial maps, to effectively identify and monitor changes in
LU/LC due to several driving forces and contribute as an asset for informed decision-making in land
planning, aiming to safeguard biodiversity and ecosystem integrity. These products are based on
a methodology that exploits geospatial and remote sensing techniques using open-access satellite
imagery to develop a classification system and provide results on landscape changes from a multi-
temporal perspective.

The integration method will be based on GeoServer, which is an open-source server for sharing
geospatial data across multiple platforms and clients. A deployment of a GeoServer will be hosted
on DRAXIS servers and will be acting as a framework for serving LU/LC maps and other geospatial
data relevant to the pilot cases, allowing users to access this geographic information (LU/LC maps)
through standard protocols.

The tool will communicate with the GUARDEN system through GeoServer, which utilizes standard
web mapping protocols like the Web Map Service (WMS), enabling clients to request and retrieve
map images, feature data, and coverages over the web. This ensures interoperability with various
GIS software applications and web mapping frameworks. Consequently, the Landscape Dynamics
Mapping products will be seamlessly accessible within the GUARDEN system.
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4.4.5 Future trajectories of ecosystem services

The framework will provide the ability to relevant stakeholders to assess spatially explicit
information on the current and future state of their ecosystems and the related NCPs (Nature’s
Contributions to People) or ecosystem services that they provide. The proposed functionality
includes the process one could follow in order to integrate policy needs and objectives,
stakeholder knowledge, ecosystem services (ES) indicators, biodiversity and other data into
decision making process. The framework will be designed to provide a structured approach,
recognizing that ecosystem-specific factors, policy priorities, data availability, and stakeholder
engagement can influence both the process and outcomes of the ecosystem service assessment.
Adaptations may be necessary to effectively address the unique challenges and opportunities
within each context. However, since the framework will be based on the case studies within
GUARDEN, reproducibility to other areas with similar context (e.g., ecosystem management,
biodiversity conservation) might be possible/suitable.

The basic outputs provided include:

1. 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).

2. 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, areas of
infrastructures, biodiversity hotspots and indicators (based on outputs from INRIA).

3. Asetof 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 biodiversity in different case studies through maps.

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

4.4.6 Species Interactions Mapping Tool

The species interactions mapping tool will be provided as a Python package to process species
occurrence data for extraction of all known interactions for a set of species, visualize the results
on a map, and use the species interaction knowledge graph in combination with the Species
Distribution Models (SDMs) to validate and/or improve models. It is therefore intended for
integration with the SDM tools and included in visualizations for the GUARDEN DSAs. Integration
will be primarily in the backend by importing the Python library. The package will be tailored so
that it runs smoothly on the same server(s) generating and/or hosting the SDM models.

4.4.7 Bird Sound ID tool

The Bird Sound ID tool provides an API for submitting audio file(s) and receiving in return, for each
file, predictions of the bird species present. For each file, there may be zero, one or many predicted
species. Thus, for each file, a list is returned, giving a list of species with a numerical confidence
level for each one.

The recognition APl uses standard REST protocols for web queries, and the output follows the
Arise species recognition APl format: https://www.arise-biodiversity.nl/post/an-api-for-ai-species-

recognition

The status of the bird recognition algorithm is close-to-final:
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e Multiple variants have been developed, trained and evaluated, and decisions made about
the final configuration.

e A prototype of the algorithm has been evaluated by an external partner (SOVON), and
confirmed to have recognition performance approximately comparable with other bird
sound classifiers (BirdNet, Perch).

e The prototype algorithm has already been successfully deployed to the Arise platform.

¢ The final version of the training data has been specified, and training of a final classifier
will soon be underway (as of Feb 2024).

Integration method: The algorithm will be hosted on the Arise platform (a Dutch national
infrastructure). GUARDEN systems are expected to interact with the bird sound ID tool through
the Arise platform. Note that the Arise platform is not fully mature yet, which means that access
URLs may change, and the authentication method for programmatic access is not fully finalised.
The Arise access/authentication model has recently been implemented, and programmatic access
from the GUARDEN systems will be an early use-case, with the aim that this is mature by end 2024.

Note that the Arise platform currently functions primarily in batch mode, meaning that one or many
media files are submitted, and are processed by a queueing system, with the results received
asynchronously and with variable delay. The impact of this for GUARDEN HMI is simply that there
are no tight guarantees on how quickly a result will be received after a given sound file is
submitted.

The sound recognition is implemented as a deep learning algorithm that can be run on many
standard computer platforms. Thus, a backup option in case the Arise platform does not provide
the integration characteristics needed, is to run the “bare” algorithm on a separate GUARDEN-
related server.

An example of the JSON data returned from the bird sound classifier is as follows (taken from the
Arise documentation):

{
"generated_at_time": ""2021-04-14T13:26:29Z",
"generated by": {
"tag": "mfn_euro_birds",
"version": "1fd68f8c8cb9g3ec4e45049fcf9an56628e9599aa815790a2a7bs68aa"
b
"media": [
{
"filename": "https://data.arise-biodiversity.nl/.....soundfilet.mp3",
"id": "soundfilet.mp3"

}
]Y
"region_groups": [
{
"id": "https://data.arise-biodiversity.nl/........ soundfilet.mp32region=0",
"regions": [{
"media_id": "soundfilet.mp3"
1l
}
])
"predictions": [
{
"region_group_id": "https://data.arise-biodiversity.nl........ soundfilet.mp3?region=0",
"taxa": {
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"type": "multiclass",
"items": [
{

""scientific_name": "Accipiter nisus",
"taxon_id": "178 @WRN",
""scientific_name_id": "https://observation.org/species/383/",
"probability": 0.9970064163208008
b
{

""scientific_name": "Falco columbarius",

"taxon_id": "117@WRN",

"scientific_name_id": "https://observation.org/species/383/",
"probability": 0.0029197214171290398

4.4.8 MINKA

MINKA is a participatory citizen observatory where biodiversity observations can be reported. It
focuses on observations related to the Sustainable Development Goals (SDG) of UNESCO, being
the first citizen observatory to report data that addresses the SDGs.

MINKA is built over 3 main pillars: Registering observations, Community sharing, and Community
interaction, with the final goal of contributing to research on sustainable development goals.

The basic features of MINKA are:

1. Record Keeping: Users can document their observations, storing data securely in the cloud.
This feature allows users to conveniently manage and access their recorded observations.

2. Community Connection: MINKA fosters a sense of community among users. Members can
engage with one another to validate or enhance their observations, discover new projects,
and participate in collaborative endeavours.

3. Learning Opportunities: Users can enrich their understanding of biodiversity, species
identification, sustainability, and environmental topics by engaging in conversations with
fellow members of the MINKA community.

4. Scientific Contribution: Observations uploaded to MINKA undergo validation by the
community, leveraging the expertise of other members. Once a specified number of
validations are achieved, observations attain Research-grade status and are shared with
global repositories for potential use in research studies.

5. Observation Organization: Users have the flexibility to create projects aligned with their
interests, inviting the MINKA community to join in developing sustainability projects.
Additionally, users can actively contribute to other projects by sharing observations or
participating in project discussions.

The MINKA website is structured with a monolithic architecture, featuring a unified web
application that delivers core functionalities. Complementing the web application is an API
application, utilized by the main application for resource-intensive tasks such as user notification
management. Additionally, the APl serves to share MINKA data with external entities seeking
integration with the platform.

For enhanced functionality, MINKA integrates various software components, including a search
engine, specialized database extensions tailored for geolocation operations, diverse caching
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mechanisms, and a background jobs queue system. These elements collectively contribute to the
robust and comprehensive nature of the platform.

Key components within the architecture include:

1. Full Stack Web Application: The foundational features of MINKA are powered by a Ruby on Rails
application, acting as the central hub for data management within the entire MINKA architecture.

2. Front end: Integral to the Full Stack Web application, the front end is directly served from the
Ruby on Rails routing system. It is constructed using various technologies detailed bellow.

3. API: It is implemented using NodeJS, and fulfils two primary roles: facilitating functionality for
third-party integrators and supporting the MINKA website's front. APl endpoints are documented
according to the Open API standard, accessible at https://minka-sdg.org:4000/v1/docs/

4. Search Engine: ElasticSearch is employed by MINKA to index diverse data entities, including
observations, identifications, places, projects, users, taxa, terms, and notifications. This indexing
strategy ensures scalability, accommodating the growing user base and observations while
maintaining platform performance.

5. PostgreSQL Database: MINKA stores its data in a PostgreSQL database. For geographical
enhancements, MINKA incorporates PostGIS.

6. Background Jobs Queues: Asynchronous processing of resource-intensive tasks is efficiently
managed by a background jobs queue. This queue, orchestrated by the Ruby on Rails framework,
is supported by the PostgreSQL database.

7. Memcached: Operates as a caching mechanism in MINKA, specifically targeting resource-
intensive processing operations. It optimizes performance by storing results, facilitating faster
data access, and diminishing the need for redundant computations.

Front-end components are structured as follows:

1. AngularJS is employed in the Explore module, enabling users to search, filter, and visualize
observations and species through list, grid, and map displays. This module also presents user
identifiers and observers. AngularJS controls diverse forms and visual components, manages
seamless navigation between sections, and integrates seamlessly with Google Maps. Google Maps
will be substituted by Open Street Maps in next months.

2. ReactJS is utilized in multiple stand-alone modules throughout the application. Each module
comprises one or more React components, accompanied by containers for these components, and
manages its state using Redux. This approach ensures a modular and efficient organization of
front-end functionalities.

3. The view layer of Ruby on Rails is applied in simpler layouts that do not necessitate extensive
interaction or dynamic behaviour. This includes the admin panel, observation detail pages, user
dashboard, notifications, project functionalities, static pages, and authentication processes. This
layer provides a straightforward and effective solution for components with less intricate front-
end requirements.

Data Privacy and User Agreements at MINKA:

1. 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.

2. 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.
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3. MINKA's cookie management system, compliant with the ePrivacy Directive and GDPR,
grants users control over preferences. Users can consent to mandatory cookies, customize
optional settings, and opt out, demonstrating MINKA's commitment to ongoing consent
management.

4. 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.

5. MINKA offers diverse data licensing options forimages, 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.

4.4.8.1 Dashboard for evidence-based decision-making supported on citizen science data

Based on biodiversity observations registered in the MINKA citizen observatory, a service of
dashboards for decision-making is built in parallel to the main website, as a complementary service
for project managers.

The dashboards are built using Streamlit, an open-source Python library that allows to create and
share custom web apps for machine learning and data science. The plots are developed using
Plotly's Python graphing library. Maps are created in Folium, a Python library used for visualizing
geospatial data.

Data from MINKA is accessed using MINKA APl and a custom Python library developed to facilitate
the exploitation of MINKA data, created under the Cos4Cloud European project.

The dashboards are highly customizable to the needs of every project manager in MINKA and can
answer questions about biodiversity, taxonomy, biological research, but also for following
community participation and engagement. Co-design processes are taking place before the
creation of the dashboard, to fulfil all the needs expressed by the participants of the study cases.

The service will be available from dashboard.minka-sdg.org directory, in different URL addresses.
Ideally, access will be through a username and password for the members/managers of each
project. There could be different levels of privacy in data access, depending on the requirements
of each project.

An initial draft, as example, is developed for the case study of BioPlatgesMet:
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4.4.8.2 Al-based Deliberation Analysis Tool

This tool is composed of the technological components necessary for analysing and facilitating
deliberation in citizen science projects. Currently, discussion and deliberation in many citizens
science projects take place in a discourse instance. Our components assist in:

1. Collecting and storing discussion forums related to citizen science. For this task, a crawler
has been created that can gather information from discourse instances.

2. Evaluating and analyzing the discussions. To that end, we are exploiting Al language
embedding models.

3. Providing support to enhance the deliberation process. Specifically, we are interested in
predicting who has the knowledge to reply to a specific comment in the discussion.
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Currently, the tool is under development in a private repository in Github. When released, the tool
will be available as a set of Python packages that can be easily installed via pip and will run on the
user’s machine.
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The mock-up designs and implementation are the two primary stages of the GUARDEN DSAs
development process. The wireframing application Figma was used to create preliminary mock-
ups based on the functional and non-functional requirements gathered as well as architecture
specifications. These mock-ups are dynamic components that are shared with the GUARDEN
consortium for feedback and suggestions. They are updated frequently to reflect the most recent
design choices made about the main pages, workflow, and features of the system. Following
discussions, the final mock-up design was established, as presented in Section 5.1. GUARDEN’s
development team used the functional requirements, architecture, and final mock-ups to create
the web-based GUARDEN system. Models and tools developed under WP3 and WP4 are currently
undergoing improvements, which are expected to produce more precise and meaningful results
for our end-users. As aresult, several features are still in progress and will be included in the second
edition of this deliverable.

It's critical to emphasise that design decisions were made with flexibility in mind, making it simple
to modify databases, APIs, and visual content after WP3 and WP4 models and tools are finalised
and user input is obtained. The second and final version of the DSAs, will present the completed
tools and user interface influenced by WP5 validation activities. Furthermore, at the end of the first
round of testing in M27, an "intermediate" GUARDEN system version with improved functionality
and refined models and visualisations in line with project milestone 9 will be created and used in
the second validation round (M27-M35).

5.1 Mock-Up Design

The GUARDEN System begins with alanding page where users can learn about the project’s overall
scope, log into the DSAs, and find links to other publicly available tools (Figure 21). By clicking on
the upper right corner, users can log in or create an account to access the dashboard of a specific
case study. The required information for account creation includes name, surname, country,
username, password, role, and use case (Figure 22 and Figure 23). Figure 24 provides an example
of the France and Madagascar case study home page. The main menu appears on the left side,
while the four main categories (Species, Ecosystem, Habitat, and Conservation) are also presented
on the page. Clicking on ‘Species’ allows users to select an area on the provided map (case study
area) and visualize all the recorded observations in that specific area (Figure 25). Filtering options
will be available so that users can filter results retrieved from different platforms and databases
(e.g., MINKA or PI@ntNet). Users will have access to information such as species ID, species
category, date and time of observation, photos, and more. The Habitat page (Figure 26) will
provide biodiversity indicators related to the selected area as well as species interaction maps. The
Conservation page (Figure 27) will illustrate information also available in GeoPl@ntNet regarding
the presence of species on the red list, protected species, and available cash under the European
directive. Finally, the ‘Ecosystem’ page will present maps from the ecosystem services models
specifically created for the case study locations. Similarly, mock-up designs for the remaining case
studies were prepared and can be accessed here.
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5.2 Implementation Plan and Work Status

Once the initial mock-ups gained approval from the consortium, the development of the GUARDEN
DSAs was initiated. The implementation of the DSAs follows a two-part approach, focusing on both
the back-end and the front-end functionalities. The back-end component is responsible for
communication with databases and external platforms via APIs to acquire, manage, and process
data. Meanwhile, the front-end component focuses on presenting the processed data to users in
a user-friendly manner.

The architecture of the GUARDEN DSAs adheres to the Model-View-Controller (MVC) paradigm. In
this framework, external components serve as repositories for data transfer, handling data
manipulation, storage, and rendering. The data management component interacts with the
visualization component to ensure timely updates and accurate data representation. On the other
hand, the visualization component, constituting the front-end of the system, is responsible for
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presenting data to users through various visualizations such as charts, maps, figures, lists, and
tables. These visualizations are generated based on data collected from data management and
external APIs, with requests made to access and present data to users.

The controller component manages user interaction, interpreting user inputs and communicating
with the data management and visualization components to implement necessary changes. It
directs commands to update the data management component's state and instructs associated
visualizations to modify their presentations accordingly. This dynamic interaction within the MVC
architecture ensures a cohesive and responsive user experience within the GUARDEN DSAs.

By the time of this deliverable's submission, the following steps have been completed:
1. The sign-in page and homepage have been finalised.
2. The User Management module has been implemented.

3. The required integrations with the MINKA, GeoPI@ntNet, and Pl@ntNet APIs have been
implemented.

4. The visualization of the retrieved results has been integrated into the previously specified
pages (see mock-up designs).
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This deliverable represents a crucial step forward in the development of the GUARDEN System and
DSAs, providing a comprehensive overview of its design and implementation procedure. It offers
a detailed analysis of the methodology employed, including requirements and design principles, all
aimed at fulfilling the objectives of the project.

From the preparation of mock-up designs to the final implementation, the roadmap detailed in this
document illustrates the progression of the GUARDEN System, showcasing its features, functions,
and capabilities. Furthermore, the document provides insight into the architecture of the system,
explaining how the front-end interacts with back-end models via APIs. A thorough description of
the front-end interface and back-end components was provided to ensure a clear understanding
of the system's structure and operation.

This deliverable also serves as input for validation in subsequent project phases. Feedback
collected from stakeholders will inform refinements to both integrated tools and the front-end
interface, ultimately leading to the release of an enhanced second version of the system. It is
important to note that ongoing developments in project work packages will continue to refine and
expand the capabilities of the GUARDEN System. Feedback gathered from stakeholders will guide
these efforts, ensuring that the system evolves to meet the precise needs of users and remains a
valuable asset in biodiversity conservation and ecological research endeavors.
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