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1. Executive summary

This document describes the first public beta release of the “EIS QGIS Plugin”, which is a plugin for the QGIS
software for conducting Mineral Prospectivity Mapping (MPM). The plugin relies on the previously released “EIS
Toolkit” Python library and functionalities provided by QGIS.

The installation of the “EIS QGIS plugin” includes both the “EIS Toolkit” and the “EIS Wizard”. The “EIS Wizard”
works as a graphical user interface (GUI) for the “EIS Toolkit”, providing a more user-friendly way of utilizing the
functionalities offered by the library. The “EIS Wizard” becomes available in QGIS after the installation of the “EIS
QGIS Plugin”. The installation of the “EIS QGIS Plugin” also installs the “EIS Toolkit” as the library of tools, required
to run the functionalities within the “EIS Wizard”.

*

The technical documentation for “EIS QGIS Plugin” is included in this document. OQ

The “EIS QGIS Plugin” is still actively developed, so minor issues might be found. The next reI%%s planned for
*
October 2024 — with the Deliverable D3.7 “EIS QGIS Plugin Final Version”

Any found issues and feedback are kindly requested to be reported as issues to th @ub—repository of the
plugin in https://github.com/GispoCoding/eis qgis plugin.
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2. Introduction

2.1 General remarks

This document will provide background information about the beta release of “EIS QGIS Plugin”. The functionality
of the plugin relies mostly on the previously released “EIS Toolkit” which is a Python library and in addition it
provides some tools for visualizing data. The beta release marks the start of beta testing for the plugin and
another (stable/final) release is set for October 2024.

*

2.2 EIS WP3 and Task 3.4 O(\
N

The main objective of WP3 is the development of a GIS (Geographical Information System) %ﬁ Exploration
Information System (EIS) for predictive mapping of mineral resources. EIS does not have, \( t definition but
can be characterized as an environment for performing data analysis and modelling, for r&ing data and other
information, and for representing results in various forms.

Task 3.4 consists of creation and implementation of the EIS QGIS Plugin, Qﬁrovides the graphical user-
interface (GUI) for utilizing the tools provided by the previously developed EIS kit —Python library. In addition
to providing a GUI for EIS Toolkit, the plugin guides the end user by vidling a Wizard-like functionality for
conducting the different steps that are part of mineral prospectivity @ing analysis.
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3. User manual

3.1 Introduction

This chapter outlines how to use “EIS QGIS Plugin”, what are the system requirements, and how it can be
installed.

The “EIS QGIS Plugin” contains the “EIS Wizard” and the EIS Processing Algorithms as Provider through the
Processing Toolbox in QGIS. The Processing Algorithms are all the processes provided by “EIS Toolkit” and can be
run individually for any suitable data and the Wizard provides a guided workflow.

2

&

The minimum requirement for “EIS QGIS Plugin” is a QGIS 3.X installation. Any QGIS ver: \at is 3.0 or newer
is attempted to be supported, although this might be changed in the future if suppor'@‘we older versions cause
unbearably many compatibility issues. The newest QGIS Long Term Release (QGI .5 ‘Prizren’ at the time of
writing) is always the recommended one and the primary focus of support.

3.2 EIS QGIS Plugin System requirements

*

The primary website to download QGIS and to find more detailed@lp regarding QGIS installation is

wWww.ggis.org. E

To use “EIS QGIS Plugin”, the user needs to install “EIS Toolkit”4
discussed more in the following chapters. In the future, co
which would allow users to use “EIS Toolkit” without@@

ython environment. The details of this are
inaries might be released for “EIS Toolkit”,
nstallations and manual interaction with Python.

Technical system requirements for the “EIS QGIS Plagin™and the “EIS Toolkit” have not been determined, but a

recent computer with a common operating hould work. GPU acceleration is not used yet so all the
calculations and processing are done using CBUNThere is no strict memory requirement but 16 GB or more is

recommended for smooth operation. *

> OQ
3.3 EIS QG& ugin Installation guide

3.3.1 |nsta@rg the plugin

The most upst &e installation guide is always on the front-page of “EIS QGIS Plugin” GitHub repository
(https://gith ‘b' m/GispoCoding/eis _ggis plugin)

Installi IS plugins is a straightforward process in general. Only a folder that contains the plugin source files
needs to be placed under a correct folder for QGIS to find them, although getting the plugin as a .zip file or
installing directly from the official QGIS Python Plugins Repository are often the easiest methods. At the moment
of beta release, “EIS QGIS Plugin” is not yet released in the official QGIS Python Plugins Repository.

To install “EIS QGIS Plugin”, the user needs to get the .zip package that contains the source files. Currently, the
only website that can be used for this is the GitHub repository of “EIS QGIS Plugin”. There, under “Releases”, the
user can download the latest eis_qgis_plugin.zip.

When the user has successfully downloaded eis_qgis_plugin.zip, they should open QGIS. In QGIS, they open the
Plugins menu and click the top entry that is “Manage and Install Plugins...”. A new window opens, where the

menu entry “Install from ZIP” should be selected. What remains is finding the downloaded .zip file and pressing
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installing. If no errors occurred, “EIS” provider should be visible in the Processing Toolbox of QGIS and the “EIS
Wizard” icon appear in the Plugins Toolbar.

3.3.2 Configuring EIS Toolkit

While most QGIS plugins work immediately after installation, the “EIS QGIS Plugin” requires an additional step:
Installing and configuring the “EIS Toolkit”. For further information about the reasons for this, refer to the
“Technical specifications” chapter. Furthermore, installation of “EIS Toolkit” itself is not described in this
document, only the configuring after installation. Installation of “EIS Toolkit” is described in Deliverable D3.5 “EIS
Toolkit Final Version”

When the user has successfully installed “EIS QGIS Plugin” and “EIS Toolkit”, they need to speeif Python
environment where “EIS Toolkit” was installed. This is done in the “Settings” page of “EIS Wi where the
first section includes input fields and selections related to “EIS Toolkit”. While Docker Is technically

supported, it is not recommended at this stage; instead, the recommended approa o use a Conda
environment or Python venv. Regardless of the type of virtual environment, the user to specify the root
folder of the virtual environment in the “Python venv directory” input field in th thgs page for “EIS QGIS
Plugin” to find “EIS Toolkit”. To check if “EIS Toolkit” is found, the user can pre@@ erify” button.

)
3.4 EIS Wizard User Guide (%)

The EIS Wizard User Guide is provided as Appendix 1. KO
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4. Technical specifications

4.1 Description of development environment

To develop the “EIS QGIS Plugin”, the minimum requirement was just a QGIS installation and any text editor.

QGIS comes with its own Python environment for Windows and uses the system Python in macOS and Linux
operating systems. Depending on QGIS version, a set of Python packages is installed to the environment, most
notably PyQGIS — the Python QGIS API. Most work in QGIS plugin development revolves around using classes
and functions of PyQGIS.

To enhance the development process, some additional tools were used. For quick deployment of codeghanges,
QGIS Plugin tools (https://github.com/GispoCoding/qgis plugin_tools) package was used in combingtion with
the Plugin Reloader QGIS plugin. For code linting and formatting, Ruff (https://github.com/astrales ff) was
used. As a good development practice, the deploying and formatting were performed in a vir@nvironment.

For developers using Windows, additional actions are often needed for the IDE (such as@ Studio Code) to
is

be aware of PyQGIS. The following site guides any fresh QGIS plugin developers thro, process:
https://www.gispo.fi/en/blog/getting-started-with-ggis-plugin-development-in-

4.2 Description of technical architeé&(r\e
4.2.1 EIS QGIS Plugin file structure \OQ

The following list attempts to give a glimpse to the fiI@re of the “EIS QGIS Plugin”. Most important
modules and folders for this purpose are listed, but so re omitted to keep the list size manageable. Folders
are marked with bold font, other entries repre{@thon modules or other files:

- Main file (plugin.py) \
- EIS Processing @
- Algorithms

o)
- Exploratory analysis 6\0

*

- Filtering A\
- Prediction \6
- Raster proc&@&

- Transfor(i s

- Ut"it@

- Evaluation

- Vector processing

- EIS Processing Algorithm
- EIS Provider

- EIS Toolkit invoker

- EIS Wizard

- Mineral system proxies
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- Proxy processing
- Proxy view

- Modeling

- Fuzzy modeling

- Machine learning
- Model manager

- Model utils

- Plots

- Utils OQ
- Model feedback %\
)

- Settings manager
- Wizard main

- Wizard proxies O@
- Wizard plot C)

- Wizard modeling ®Q

- Wizard history @

- Wizard settings OQ
- Wizard about @&

- Settings
- Utils Q
- Resources §\
- Proxies JSON Q
- Ul files Q
- Icons . 9\0

Librari \
- Libraries @

: b@‘

422 QEIS Wizard architecture

In technical terms, the “EIS Wizard” is a QWidget that is either inside a QDialog or a QgsDockWidget. One main
script instructs the high-level creation of “EIS Wizard” when the user presses the EIS Wizard icon in QGIS.

At the moment of beta release of the “EIS QGIS Plugin”, the “EIS Wizard” contains 6 tab pages:

e Mineral System Proxies
e EDA (Exploratory Data Analysis)

e Modeling
e History

e  Settings

e About.
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What page is visible is controlled by clicking a linked menu item on the left side of the interface. When user
clicks one of these menu items, the currently shown page of the QStackedWidget on the right side is changed
to match the selected menu item. What is perhaps the most important to understand about the high-level
implementation of “EIS Wizard” is that all the pages exist simultaneously when “EIS Wizard” is open. In other
words, the pages do not get destroyed when switching to another page and the user can except to find the
page in the same state when returning to it (before closing EIS Wizard). This is how almost everything in “EIS
Wizard” works, so also tabs have their own interfaces that don't get destroyed by switching tabs.

In general, each unique view in “EIS Wizard” is defined in a corresponding .ui file created with Qt Desginer
software. In Python scripts, the .ui file is loaded and sometimes widgets are added to the view (such as the
custom ModelDataTable widget). In addition, connections between interface components are created and
functionalities defined.

Since PyQGlIS is a very object-oriented library, it makes sense to follow the paradigm when implem QGIS
plugins. Consequently, EIS QGIS Plugin consists largely of different classes that interact with eac% r.

N
4.2.2.1 Mineral System Proxies QQ(Q

Mineral system proxies dialog has 2 types of views: Mineral system proxies ligt a Qroxy processing. The
former changes based on selected mineral system and study scale, and there multiple versions of the latter,
some of which include multiple pages. The available proxies, data relat hem and the linked proxy
procesing page are defined in a JSON file (proxies.json). This means nowledgable user can make
modifications to the JSON file should they want to make change ugh the "custom" mineral system can
suit better for most cases where more freedom is wanted). Th y processing pages are custom interfaces
that are linked to the following processing algorithms: Dis@e computation, Distance to anomaly, IDW
interpolation and Kriging interpolation.

2

4222 EDA (Exploratory Data m ysis)

Currently, EDA page includes only plot@e included plots are barplot, boxplot, ECDF, histogram, KDE, lineplot,
pairplot, parallel coordinates and séatterplot. All the plots are defined as their own classes that inherit from a
base class called EISPlot. All bu of the plot classes consist almost fully of reading the input data and
parameters and deIiveriniX(\@to Seaborn plotting library that produces the plot. The plot with more
customized code and th ectly uses matplotlib is the parallel coordinates plot, which was not available in
Seaborn at the time ( release.

Ise in “EIS Wizard” relies on EIS Processing algorithms and “EIS Toolkit”, it should be
plot tools are (re)defined in “EIS Wizard”. The answer is quite simple: to make the plots
nd allow easy plotting without having to save every plot to disk. While it is not yet

imple d, linking data points in plots and the corresponding points/areas in a map representation is also

possible only if the plots are produced within the plugin.

4.2.2.3 Modeling

The modeling page contents depend on the selected model. For machine learning models, the contents are
largely the same: only the model-specific parameters vary by model. Data preparation, Training, Testing and
Application tabs are shown for these models. Each of the tabs are defined in their own Python scripts and Ul
files, and each tab (for a selected model) is linked to a matching EIS Processing Algorithm.
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When a machine learning model is trained, information about it is saved to the QGIS project file by a class
called ModelManager. Essentially, there is a minimal model database in the project file that makes it possible
to test, apply and inspect previously trained models in separate sessions (so after QGIS is closed). At the time of
beta release, the model database is still being developed and does not include all information that could be
useful to save.

Fuzzy overlay has its own unique tabs: Fuzzy memberships and Fuzzy overlay. Fuzzy memberships handles
processing the membership datasets, and the computations are currently performed using the various "Fuzzify
raster" QGIS native processing algorithms. This might be changed in the future.

Many of the modeling tabs have a table input widget that is a customized widget. The widget is called
ModelDataTable and defined in model_data_table.py.

\\
e
N

The history page is very minimal currently. It allows the user to view and delete trained@e s. It was essential
d

4.2.2.4 History

to include in its minimal form in the beta release so that users have a way to deIete&g ed models.
4225  Settings Q
The settings page collects all things related to settings as the name ifidicdtes. The page is a collection of

QGroupBoxes and nested widgets. Most important setting is spe@)ng “EIS Toolkit” installation — without it,
any computational tools won't run. All settings are saved to ject through QgsSettings class, and all
saving and retrieving of settings values is handled by El S@%sManager in a centralized way. All the settings
are just key-value pairs. Q

Q)

4,226 About *

The about page includes only text, i and links that were seen important to include in the plugin.
\O
4.2.3 EIS Prg\sssmg algorithms architecture

EIS Processing algarithins is a collection of QGIS processing algorithms. Almost every tool from “EIS Toolkit” is
mapped oneéo ith EIS Processing algorithms. This means essentially that “EIS Toolkit” is available in QGIS

in a toolkit f not only as a set of computations behind “EIS Wizard”.

All progessihg algorithms are grouped under one processing provider called "EIS". This provider appears in the
Processing Toolbox of QGIS when “EIS QGIS Plugin” is installed. Under the provider, each tool is categorized
under a group that matches a module in “EIS Toolkit”.

Each processing algorithm is defined in its own Python file, but common functions and properties are
abstracted to a base class called EISProcessingAlgorithm. Since the processing algorithms do not carry out the
computations themselves and the base class handles the common parts, it is straightforward and easy to add
new EIS Processing algorithms should they be added to EIS Toolkit. The best way to go about this is to take
some existing processing algorithm file as the basis and change the name, parameter types and descriptions
accordingly.
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4.2.4 EIS QGIS Plugin - EIS Toolkit integration

The “EIS QGIS Plugin” relies on “EIS Toolkit” for the execution of its computational tools. In some sense, “EIS
Wizard” is the "frontend" and “EIS Toolkit” the "backend", as software components are sometimes categorized.

In the beginning of the project, it was thought that “EIS Toolkit” could be installed in the Python environment
of QGIS. This would be the ideal option, as “EIS QGIS Plugin” could then easily find and use “EIS Toolkit”, and
data objects could be shared between PyQGIS functions that run in the plugin and the computational tools of
EIS Toolkit. However, it soon became evident that the Python environment of QGIS is inflexible and cannot run
the heavy packages of EIS Toolkit with complex dependencies, such as Tensorflow. This is the reason “EIS
Toolkit” needs to be installed in a separate - ideally otherwise empty - Python environment, such as Conda
environment or venv, and that “EIS QGIS Plugin” would need to request computations from the isolated

backend runner.
*

The distilled technical description for “EIS QGIS Plugin” — “EIS Toolkit” communication is the foI@sg: EIS
Processing Algorithms of “EIS QGIS Plugin” assemble a detailed command for the command;| terface (CLI)
of “EIS Toolkit” and start a separate Python process using the “subprocess” module of P@ To get into more
detail about the communication, the command-line interface of “EIS Toolkit” and t@ kit invoker of “EIS

QGIS Plugin” should be described. O
4.2.41 EIS CLI (§

The “EIS Toolkit” CLI has one matching function per tool, excludi Qw exceptions where one-to-many or
many-to-one mapping was chosen due to some technicalitie @h LI function handles necessary file opening,
running the linked tool and either writing output file or E@g result information back via the stdout-stream.

All the functions are collected in one module called cli. he EIS CLI can be accessed from the command-line
by running the module (python -m eis_toolkit) or @‘I a script shortcut (eis) followed by a function to run and
its parameters. An example command to run @pling: eis resample-raster-cli --input-raster
path/to/my/raster.tif --output-raster my ﬁtp t_raster.tif --resolution 50 --resampling-method bilinear

)

The CLI was created for two main reaso he need to run additional functions before and/or after the tool
itself - such as reading and writing rdster files - when accessing the tools from external programs 2) to define a
clear entry point for external pr; s. An additional benefit of creating a CLl is that it functions as an

alternative way to use ”EI&T@ ", users get the opportunity to run “EIS Toolkit” tools from their terminal
program. A\

4.2.4.2 6@%&“ invoker

Toolkit i Qr is not any entity exposed to end users but is a central agent in implementation of “EIS QGIS
Plugin” =“EIS Toolkit” communication. In a nutshell, it is the responsibility of Toolkit invoker to manage all
things related to “EIS QGIS Plugin” — “EIS Toolkit” communication on the plugin side. This includes tasks such as

- Verifying the correctness of “EIS Toolkit” setup

- Translating parameter values of EIS processing algorithms to command-line arguments

- Assembling the full path to the Python executable that should be used to run “EIS Toolkit”
- Opening the Python subprocess

- Reading from the I/O connection

- Communicating with the user in QGIS using the feedback messages
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EIS CLI and Toolkit invoker act as a pair that facilitates the communication between the two programs. Since
there is nothing "QGIS specific" about the EIS CLI, it is possible to utilize “EIS Toolkit” in other software in a very
similar way as in QGIS, if tailored scripts that do the job of Toolkit invoker are created for these other software.

EIS QGIS Plugin - EIS Toolkit architecture

QGIS EIS Toolkit Python environment

......... EIS Wizard

EIS Processing
Algorithms
&l
\_>
write
specify Im:ati ' ~
Input file: '. Output files
Figure 1: Schematic overview of& IS Plugin — EIS Toolkit architecture and interaction

%Q

9. Initialt%@ g
N

5.1 LISt@ f initial testers

The initial testingiS\¢onducted by a small group of voluntary testers within the project who have not been actively
involved in t elopment of “EIS QGIS Plugin”.

The fir@nternal User Training Workshop is planned for 28 and 29 May 2024 to take place in Helsinki, in
person.

During the 2 days, participants from EIS WP4 will be introduced to the “EIS Wizard” and its functionalities with a
tutorial run-through on the first day and then first practical testing of the “EIS Wizard” with the actual data from
the EIS test sites.
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Currently, the following 4 training instructors for the EIS Wizard are assigned:

Table 1: List of EIS Wizard Training Instructors
1 Niko Aarnio Gispo
2 Johanna Pesonen Geological Survey of Finland (GTK)
3 Bijal Chudasama Geological Survey of Finland (GTK)
4 Ina Storch Beak Consultants GmbH

For the initial testing, the following 18 trainees / testers are planned to take place in the EIS Interna@Qaining

Workshop in May 2024:
&9
\S

Table 2: List of Initial EIS Wizard Trainees / Testers

1 Gonzalo Ares Instituto de Geo*@ s (CSIC-UCM)

2 lana Bacquet TALGA

3 Nolukholo Busakwe University ee State (UFS)
Sinovuyo

4 John Carranza Univ, y of Free State (UFS)

5 Percy Clark PET

6 Anne Dabosville GM

7 Guillaume Bertrand BRGM

8 Alex Vella (N~ BRGM

9 Helena Hul“ Geological Survey of Finland (GTK)

10 Hafsa M\@ Geological Survey of Finland (GTK)

n Tero . Qﬁranen Geological Survey of Finland (GTK)

12 Vesa . 9\ Nykadnen Geological Survey of Finland (GTK)

13 Sari A\ Romppanen Geological Survey of Finland (GTK)

14 Martiya&@ Sadeghi Geological survey of Sweden (SGU)

15 Krisztian Szentpeteri Geological Survey of Finland (GTK)

16 eas Knobloch Beak Consultants GmbH

17 OQavad Sheikh University of Turku / Department of

Computing
18 Jifi Zacharias Faculty of Science, Charles University

After this initial training, further testing will be continued independently by the listed internal users from EIS.

Furthermore, an EIS External User Training Workshops is planned for either PDAC 2025 or EGU 2025 conference.
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2.2 Guidelines for testers to report bugs and problems

Development of “EIS QGIS Plugin” is done in GitHub. All testers with a GitHub account should use the “EIS QGIS
Plugin” repository to report bugs and to send modification suggestions. The most practical way to do this is to
use GitHub issues, which are widely used in programming projects for reporting bugs and development related
tasks.

The “EIS QGIS Plugin” GitHub page has basic instructions for installing and using the plugin, and the initial testers
should refer to guidance found in there. In addition, a more detailed “Getting started with testing” document is
sent to all initial testers.

Since the development of “EIS QGIS Plugin” continues throughout the testing phase, new additions and bugfixes
occur frequently. The testers are advised to visit the GitHub page often to get the most updated versi@\)f “EIS
QGIS Plugin” and find the changelogs. ¢
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6. Features to be implemented in next 6
months until final release

The planned features to be implemented are divided here into three categories: general features, EIS Wizard
features and EIS Processing algorithm features. For each of these categories, the items are listed, briefly
described and labelled as either “In consideration” or “Decided” to reflect the status of the planned feature. The
“Decided” label indicates that this feature is truly intended to implement and will be if no critical obstacles occur.
The “In consideration” indicates that while the feature is seen desirable, the details of it are still to be decided or
it might not be ready before the final (the 1.0) release of “EIS QGIS Plugin”.

6.1 General features

Description (Q atus

HELo] NI V- ASCIAVNdle]sM Processing algorithms or computations in Els@grd Decided
of EIS Toolkit tools cannot be cancelled currently, except by clesing QGIS.

This feature would bring a lot of convenpi t&, since
sometimes long executions need to %celled.

Release EIS QGIS Plugin in EIS QGIS Plugin should be re ig the official QGIS Decided
the official QGIS Python plugin repository to majkeq lation easier and so
Plugins Repository that QGIS users can fi plugin.

Add EIS Toolkit installer If EIS Toolkit i wr was implemented in EIS Wizard, In consideration
it could sim i:;/\he installation process greatly.
Howe@easibility of this is still to be assessed.
Further e, the need of this feature depends also on
W, an EIS Toolkit binary (compiled, executable
’& an be produced.

Improve Docker suppoit Docker containers with EIS Toolkit installation can be In consideration
configured and used in EIS Wizard already, but it is not

thoroughly investigated how well it performs in

various platforms. In addition, no EIS Toolkit Docker

images meant for end users are currently available,

only an image for development purposes.

Add automatic Some outputs from EIS QGIS Plugin computations In consideration
visualization settings for could be stylized automatically or based on settings

outputs made by the user. For example, discretized data could

be visualized automatically using a certain palette.

However, this is not a critical feature and thus might

not be implemented in the near future.
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Name output layers more Currently, most of the tools simply name the output In consideration
descriptively layer either “Output raster” or “Output vector”. This is

not descriptive, and if the user does not manually

rename an output immediately, they might end up

forgetting and mixing some outputs.

Harmonize naming Some concepts are referred to with multiple names, at  In consideration
conventions within the least QGIS vector layer attributes

plugin (attribute/field/column). To avoid confusion, names

could be harmonized as much as possible.

62  EIS Wizard features .\a_,a-’

Description Status
Implement Co-VMS The Co-VMS system is one of the three mgig mineral Decided
mineral system for proxy systems targeted in the EIS project and@ efore a
processing necessary inclusion in EIS Wizard.
Implement Li-Pegmatites The Li-Pegmatites system is Qf t;e three main Decided
mineral system for proxy mineral systems targe EIS Project and
processing therefore a necessary I ion in EIS Wizard.
Redesign custom mineral Currently, wh user selects custom mineral In consideration

system in mineral system system, al aI system proxies available in the
proxies datab %qes json) are listed without labeling
themwithWimportances. It has been suggested that the
c mineral system would instead allow the user to
ally add their own mineral system proxies and
ssign proxy processing workflows to them.

Vo [e RWVIIL VeI M A I IG-ATM \Weights of Evidence model is already implemented in Decided
EIS Wizard modeling EIS Toolkit and should be added to EIS Wizard to
extend the set data-driven models.

Add MLF (Multilayer MLP model is already implemented in EIS Toolkit and Decided
perceptron) in EIS Wizard should be added to EIS Wizard to extend the set of

modeling deep learning models. Before this is implemented, MLP
processing algorithm needs to be implemented.

Add CNN (Convolutional CNN model development in EIS Toolkit is in progress Decided
neural network) in EIS and will be finished soon. After that, CNN should be

Wizard modeling added to EIS Wizard to extend the set of deep learning

models. Before this is implemented, CNN processing

algorithm needs to be implemented.

Funded by 19
the European Union

*, EIS



Exploration Information System * % EIS
Deliverable D 3.6: EIS QGIS Plugin Beta Version - User Manual and Technical Specifications &1

Add BNN (Bayesian neural BNN model development in EIS Toolkit is in progress Decided
network) in EIS Wizard and will be finished soon. After that, BNN should be

modeling added to EIS Wizard to extend the set of deep learning

models. Before this is implemented, BNN processing

algorithm needs to be implemented.

Add selection of training Allowing users to select a training area as a parameter In consideration
area in EIS Wizard in machine learning model training has been

modeling suggested. This would bring convenience to the

training process. However, clipping datasets with the

available tools is already possible before training the Q
model and therefore this is not a critical addition. 0\0

minimal amount of information about the models and
should be extended to allow inspecting training and
evaluation metrics of trained models.

)
Extend modeling history Modeling history in EIS Wizard saves currently very &@@d

X
Improve model data Model data preparation tab exists and h ctional Decided
preparation tab buttons to open various data preparat@ml‘s, but
refining the window will be done. A@ the set of
offered tools will be assessed for@ model
individually, and additionally{@s r interface might

be redesigned. %0

Improve model result Currently, basic m evaluation using metric scores, Decided
evaluation capabilities such as accur squared errors, is possible, but

expanding the &udluation to include all offered tools of

EIS Toolki uld be done. Additionally, comparison

betwee els in single plots or summary tables is

seeqd Mighly desirable.

Change how plotting in lotting in the EDA window works currently, but it has In consideration
EDA works been suggested that all the different plot interfaces

should share selected datasets. This change could

make plotting more intuitive for some users and is

considered to be implemented.

Add exp!oratory methods The EDA window should be extended with various Decided
in EIS Wizard, including at exploratory methods, such as K-means clustering,

least K-means, DBSCAN, DBSCAN and Local Moran’s I.

PCA and Local Moran’s |

Add density scatterplot A density scatterplot that would be linked to the map In consideration
linked to map layer layer of its data could provide a powerful way to

inspect multiband raster data or vector data with

multiple features. 3 features/bands at a time could be

visualized as a 3D scatterplot, where the user could

select cluster of points and the selection would be also
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displayed on the map layer. Implementation details of
this feature are still to be investigated.

6.3 EIS Processing algorithm features

MLP processing algorithm MLP processing algorithm will be added to extend the Decided
set of offered processing algorithms.

CNN processing algorithm CNN processing algorithm will be added to extend the Decideg OQ
set of offered processing algorithms. 6\

BNN processing algorithm BNN processing algorithm will be added to extend the \;Ied
set of offered processing algorithms. @

Autoencoder for image Autoencoder for image segmentation proceﬁ? Decided
red

segmentation processing algorithm will be added to extend the set of 0
algorithm processing algorithms. 6
Feature importance Feature importance processin |thm will be Decided
processing algorithm added to extend the set of rocessing
algorithms.
Summarize label metrics Summarize labels rics binary processing algorithm  Decided

binary processing algorithm RWINeJETelelS eXtend the set of offered processing

algorith m§

Summarize probability r|ze probability metrics processing algorithm Decided
metrics processing dded to extend the set of offered processing
algorithm orithms.
Cell-based associatior Cell-based association processing algorithm will be Decided
processing algorithm added to extend the set of offered processing

algorithms.
Mini-Unet processing Mini-Unet processing algorithm might be added to In consideration
algoritiiin extend the set of offered processing algorithms. The

addition depends on whether Mini-Unet will be
successfully implemented in EIS Toolkit.

SOM processing algorithm SOM processing algorithm might be added to extend In consideration
the set of offered processing algorithms. The addition

depends on whether SOM will be successfully

implemented in EIS Toolkit.
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Mahalanobis similarity Mahalanobis similarity processing algorithm might be  In consideration
processing algorithm added to extend the set of offered processing

algorithms. The addition depends on whether

Mahalanobis similarity is decided as a useful addition

regardless of its limitations.
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7. Conclusion

The first beta release of the “EIS QGIS Plugin” on GitHub has been done and the work continues with finalising
the functionality and fixing issues potentially found during the testing phase that starts with this release. It is
likely that minor changes will be needed in “EIS Toolkit” as well to address already surfaced performance issues.

After and during the testing phase, reported issues will be addressed before the final/stable release that is set
for October 2024.
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Abbreviations and Acronyms

GIS Geographic Information System

EIS Exploration Information System

Graphical User Interface

Exploratory Data Analysis 6\
0\6

Mineral Prospectivity Mappin@
Kernel Density Estin@O®

Estimator of the@nulative Distribution Function

Funded by 3
the European Union




Exploration Information System * % EIS
Deliverable D 3.6: EIS QGIS Plugin Beta Version - User manual and technical specifications &1

1. Introduction

EIS Wizard is developed to guide you through the entire workflow of mineral prospectivity analysis. It is part of
EIS QGIS Plugin, that consists of EIS Wizard and EIS Processing Algorithms. EIS Processing Algorithms comprise of
a set of individual functions for processing and exploring data, and for predictive modeling and evaluation of
results. EIS Wizard uses these tools as part of guided workflows that are common in predictive modeling of
mineral deposits.

2. Using EIS Wizard

The EIS Wizard icon appears in the QGIS toolbar once EIS Plugin is installed (Figure 1). Open EIS Wizard byclicking

the icon. '\O
R
N

s Plugins WVector Raster Database Web Mesh MMQGIS AGIS Progessing Help
PRLALHAPPRP LA 1 HatOR G- O~ E 1S Blugin jcan

=) = @ 29 lL-= A
SN oA G W IR EE Band: ooo /@ # E A Aglﬁ = 1,002 map units  ~ | % 54
Figure 1: Icon for “EIS QGIS Plugin” in QGIS Toolbar. (b\ -

R

EIS Wizard consists of separate views (Figure 2) for ea hﬁvf prospectivity analysis (Mineral system proxies,
EDA, Modeling), a page for settings (Settings) and an i@ ion page about the wizard (About). In the following
sections we describe the contents and functionalitjgs in*each of these pages (except for the About page, which
is self-explanatory), and tell how you might nai%@’urough an MPM workflow using EIS Wizard.
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Q [
«—Wizard views

Mineral system proxies EIS

% EIS (Exploration Information Systems) is a Horizon Europe project that aims to support the
| ©8 EDA implementation of the European Green Deal and increasing Europe’s long-term self-sufficiency of
! critical raw materials (CRM).
g‘ Modeling EIS QGIS Plugin is a graphical user interface for EIS Tookit, 3 comprehensive mineral prospeditivty
) mapping Python lbrary.
) History Getting started

To run any tools of EIS QGIS Plugin, you need to install EIS Toolkit. EIS Tookit needs to be installed
separately from EIS QGIS Plugin due to package incompabilities between EIS Tookit and QGIS.

You can install EIS Toolkit in any Python environment, but using a dean Conda environment
is recommended. For detailed installation instructions, see EIS Toolkit GitHub {link beloy).
installation, set the location of your Python environment on Settings page.

2
elo *\%

Settings

Sources

EIS QGIS Plugin GitHub repository
EIS Toolkit GitHub repository

N ? p)
Figure 2: EIS Wizard useri{Qer ce and list of views within the tab page “About”.

.\O

The Mineral syste p&xies view is the first page that you should open once you start an MPM project. The view

helps you to sel d generate data for modeling the occurrence of a certain type of mineral system. The view
presents a li proxies, divided into tabs for each mineral system critical component (3) which are i) Source, ii)
Active/s ral pathways, iii) Depositional processes, iv) Mineralisation, remobilization, modification.

2.1.1 Proxies view

The mineral system is selected at the top of the view (1). The options are i) IOCG, ii) Li-Pegmatites and iii) Co-
VMS. It is also possible not to use any predefined mineral system by selecting the option Custom. Scale of the
study area is also needed (2), as different proxies are important at different scales. Options are i) Regional, ii)
Camp and iii) Deposit scale. Importance of the proxies at different scales are represented by the color of the “*”
characters before proxy name. Red marks high importance, orange moderate importance and green low
importance.
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EIS Wizard X

Mineral system proxies : 1
. Y P IMlneral system |10CG -
||©8 EDA Study scale Regional v 2
= Modeling Source | Pathways Depositional processes =~ Mineralisation, remobilisation, modification 3
| History .
Proxy Category 3
Settings 4
* Distance to Felsic (meta)volcanic rocks and subvolcanic rocks Process
. About
* Distance to high conductivity anomalies geophysics Process
* Distance to high Fe concentrations geochemistry Pn:vcessQ
* Distance to Fe-oxides mapped from high density anomalies geophysics Pmc@

#*

Distance to Fe-oxides (magnetite and hematite minerals; or any .
other Fe-oxides related minerals of interest) genphysmg €ss

. Distance to magmatic intrusion of the relevant age (age from Process
geology and radiometric data; distance from geophysical data)
* Distance to rock units displaying alkaline magma signature O® Process
* Syn- to late-orogenic back arc closure related intrusions Q Process
* Distance to high Fe304 concentration Q geochemistry | Process
* Distance to high concentrations of Co-REEs % geochemistry | Process
isation (within

#

Distance to magmatism contemporary wit Process
5 km buffer)

Distance to albitized country rocstK : Process

Greenschist to mid—Amphib(@ metamorphosed host rocks Process

* Distance to high concenlgafidns of Na, K or Mg+-Fe geochemistry | Process | |
A\ \
Figure 3: EIS wizard with tab@yor selection of “Mineral systems proxies”.

o)
21.2 Proxy pro \sing view
&

By pressing the Proc@tton on the right side of the Proxies view page (Figure 4), a new page opens for
processing your input 8ata to represent the corresponding proxy. There are currently 2 different workflows that
are mapped to @ oxies: Compute distance to features, and Interpolate + Compute distance to anomaly. Each
of these wor6 has its own page.

Distan eatures tool (Figure 4) is used to compute distance to points, lines or polygons. By selecting only
part of the features in the data set using an expression in the Selection parameter distance to, e.g., anomalous
points can be computed.
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. Mineral system proxies

Proxy: Distance to felsic (meta)volcanic rocks and

58 EDA subvolcanic rocks
& Modeling Workflow: Distance to features
History Tt
o Input vector layer | (3 10CG_CLB_Lith_Asstn_1M M
Settings
Max distance Not set *
. About
Selection -

outpt 0(\

*
Output raster path [Save to temporary file] \
Qutput raster settings | From base raster ~ %6-
-

Baseraster | % 10CG_Mag_grysc_DGRF65_anom_ @
Back (3@ Run

=

Figure 4: Distance to features tool computes distances to IF({, points or polygons.

0

. EIS

In case of computing distance to anomalous raster values, ter is optionally generated first using the
Interpolation view (Figure 5). Methods for interpolation to ¢ from are inverse distance weighting (IDW) and

kriging. @
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EIS Wizard x

. Mineral system proxies i i )
Proxy: Distance to high Fe304 concentration

68 EDA Workflow: Interpolate features Step 1/2
&' Modeling Input
. Input vector layer | ©* 10CG_CLB_Till_Geochem_reg_511p -
History
Attribute 1.2Fe_ppm_511 -
Settings
Method settings

. About

Interpolation method | IDW v

Power | 2,00 =
\O(\
Output 6
O

Output raster path [save to temporary file] \

Output raster settings | From base raster v

Base raster | ¥ 10CG_Magnetic :® v

Back Run Next

Figure 5: Interpolation view offers’@ls to interpolate point data.

ter is then computed on the second view of the workflow called Define
sing the Next button on the Interpolation view. Anomaly can be defined as

reshold, when one threshold value is given. It is also possible to provide two
aly is defined either as in-between or outside these values.

Distance to the anomalies in th
*

anomaly (Figure 6) accessed

values higher or lower thag

resnold values, iz@
bQ)
0(\
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. Mineral system proxies
Proxy: Distance to high conductivity anomalies

€ Modeiing Workflow: Define anomaly Step 2/2
: Input
Ak Input raster layer :l. Distance to felsic (meta}volcanic rocks and subvolcanic rocks v

Settings

Method settings

. About Threshold criteria | Higher -

Threshold value 1 | 0,000 0

Threshold value 2 | g,000

1

Max distance Not set

Output ®
Output raster path [Save to temporary file] @

Output raster settings | Input raster Q

S,

Back @ Run Finish
X0
Figure 6: The “Define anomaly’.tgol computes distance to anomalous areas in rasters in the
“Mineral system ph@s tab page of EIS Wizard

O
213 Using Mﬁ l system proxies

The Mineral system g@es page was included in EIS Wizard to implement a Mineral systems approach for
mineral exploratiof in EIS QGIS Plugin. You can utilize the collected information about mineral system proxies to
prepare data @odelling in a knowledge-driven fashion. However, in case you intend to use machine learning
models, y% also try other methods for data selection and preparation, such as the feature importance tool.

How yoMudecide which proxies you prepare will likely be a combination of different factors: The importance of
the proxy, what data you have available and which proxies you assume will be the most important for your
specific study. Those that decide to use the Custom mineral system will rely on their own knowledge of the
relevant proxies but can still take advantage of the proxy list representation we have created.

Often an MPM workflow is iterative, and when already modeling, you might decide you have too few proxy
datasets prepared and come back to prepare more proxies. Because of this, EIS Wizard was designed to make it
easy to jump back and forth between the steps by not restricting the user to linear, tunnel-like workflow.
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2.2 Exploratory Data Analysis (EDA)

The EDA view facilitates data exploration with only plots at the time of EIS QGIS Plugin beta release. With the
plots, you can visualize distributions and relationships between variables to identify (anomaly) thresholds,
correlation and other patterns of interest.

2.21 Plots

The most common plotting methods are included in EIS Wizard to facilitate basic data exploration. Plots specific

to modeling result evaluation are not included here but in the Modeling page. You can visualize datasets with

the following plot types in EIS Wizard: t ’
'\O

e  Histogram \%%

e KDE @@
e ECDF O

e  Scatterplot C)

e Lineplot

- K
o ~

e Pairplot @
e Parallel coordinates plot ®

The EDA plot window layout is assemb *at you should traverse the content vertically from top to bottom.
As the first thing at the top of the wigdow, you can select the desired plot type from the available plots listed
above. When the plot type is gh@the data selection and parameter widgets are automatically updated to

match the selected plot type.%\
>

After selecting your plo, , You should select your data. Depending on the plot, raster and vector layers can
be used as input dat upported data types are automatically filtered, so the dropdown menu will only show
layers that can be@ised for the plot type. For some plots, you need define only one feature or band to plot, for

other multip @' quired.

specifi ameters. For simple cases, like plotting a histogram to check the distribution of your data, these
parameters might not need to be touched, but for stylized and/or scaled plots they are made available.

The parin@r section consists of some generic parameters, such as color and opacity, and of several plot-

After all inputs and parameters are defined, the plot can be generated by pressing the Create plot button. The
plot appears below in a space reserved for it. Should you want to inspect the plot in a larger window, you can
press the Open in new window button which creates a popup window with the plot. Note that this will transfer
the plot to the new window, so it will disappear (or become buggy) in the embedded view. For further
adjustments on the plot and saving it to a file, you can use the navbar above the plot.

The Reset button resets only the plot parameters to their defaults and does not affect the produced plot, plot
type or input data. The Clear plot button will remove the produced plot from the embedded plot view. Note that
clicking Clear plot will also close the popup window with your plot if you have transferred it to a new window.
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EIS Wizard X

Mineral system proxies Plot type |Histogram -

Data

&l Modeling Layer | " IOCG_AEM_Quad -

History X Band 1 (Gray) v

; v Plot parameters
Settings P

Color field
. About
Color I -

Opacity ~11100,0% =

Log scale | False Q

3
Fill True -
Multiple |stack . 6 >
Hist. stat | count v
Element | bars & v
Nr. of bins | 0 (0 = auto) @ =
O
Reset Clear plot Qeate plot| |Open in new window

A€ Q=¥ B @Q %=1439. y=8.79e+03

ok

Count

T T T
—-500 0 500 1000 1500 2000 2500 =

Figure 7: éot histogram tool under “Exploratory Data Analysis” tab page in EIS Wizard.

O
23 “Modeling

The Modeling view has tools for generating predictive models using multiple explanatory data sets and optionally
observations, depending on the modeling method. Currently, four methods are implemented for classification
and regression: Logistic regression, Random forests, Gradient boosting and Fuzzy logic. The method can be
chosen in the top of the window.

Modeling view has four tabs: Data preparation, Training, Testing and Application

The Data preparation tab (Figure 8) offers tools for data processing methods that are commonly needed for
transforming the proxy data to a form suitable for modeling. Raster preparation tools are used to unify raster
gridding and coordinate system, Data transformations are used to transform data values to a form that can be
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optimally handled by the specific modeling method. CoDa transformation tools are used for compositional data
(such as geochemical concentrations).

Mineral system proxies Model type | Random forests - dassifier
Data preparation Training Testing Application

Raster preparation

History Resample raster Open Q

Reproject raster Open

Settings N
Unify rasters Open . C %

. About \‘
Data transformations @

Binarize Qpen @
Min-max scale Open ( ,O
Z-score normalize Open Q

Winsorize Open

Sigmoid transform

—0,
Logarithmic transform @n

One-hot encnd%é Open

Coda transfor@
MR® Open

rse ALR. Open
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OQ Inverse CLR Open

Pairwise logratio Open
Single PLR Open
Single ILR. Open
Other
Balance data Open
Figure 8: Data preparation tab of the “Modeling” page in EIS Wizard.

In the Training tab (Figure 9), input data and model specific parameters for training are provided. The user should
also provide a name for the model and the path where to save the model. The Tag parameter for identifying the
input data parameters is obligatory, but this can also be autogenerated by pressing the Generate tags button.
Tags are used for matching the proxies in the correct order when applying the model to a new dataset. This
means that the proxies in the new data set can be in a different order, and they are automatically matched using
the tags.
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L]
The Labels input parameter refers to locations of known occurrences of the modeled quantity. The locations are
used to generate training data for supervised modeling methods.

Model name parameter is used to identify the model, when referring to it in the testing and application phases
(handled on the Testing and Application tabs as well as the History page).

Mineral system proxies Model type |Random forests - dassifier -

[ ?% EDA

Data preparation Training Testing Application

@ Modeling Q -
Model name ’\0
Model save path %6
*

Evidence data
Tag Data @Add Delete

1 :" Distance to felsic (meta)volcanic ro [ C:'B'J =

‘ , Generate tags
Labels
:l. Distance to felsic (meta)volcanic rocks and subvolcanic rodq%Q v

Model parameters @
Verbose 0 O 2
Random state | Mone (random) 0\

N estimators | 100

i

1k

Criterion gini w

Max depth 3 Q@

Validation settings
Validaﬁ@ Split v
Splitgize (valdation) | 20%
alidation folds | 5
>
\ tric Accuracy v
0\%

1

R

1k

Reset Start training

Training log Training score

Figure@Q “Training” tab of the “Modeling” tab page in EIS Wizard.

The Testing tab (Figure 10) offers several methods to test the model using testing data. Model name and Model
file parameters should be as given in the Training stage. Currently testing data is a set of known occurrence
locations file that is given as the Labels input parameter.

Funded by 13
the European Union




Exploration Information System * % EIS
Deliverable D 3.6: EIS QGIS Plugin Beta Version - User manual and technical specifications &1

Mineral system proxies Model type |Random forests - classifier b

| Ig%\ EDA Data preparation Training Testing Application

@ Modeling i
Model -

History Model fle
Settings Test run name
Outputraster |[Save to temporary file]
. About
Evidence data
Tag Data
Labels Q
O
:l. Distance to felsic (meta)volcanic rocks and subvolcanic rocks \ v
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AUC Q

Reset \Q Run
Progress | * 0%

Figure 10: “Testing” tab @ “Modeling” tab page in EIS Wizard

*
The Application tab (Fi 1) is used for applying a model that was generated using the functionalities in the
Training tab, to a ne\& set. Model name and Model file parameters should be as given in the Training
stage.
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Mineral system proxies Model type | Random forests - dassifier b

Data preparation Training Testing Application

@ Modeling i
Model -

[ ?%‘ EDA

| History Model fie
Settings Application run name
Output raster Save to temporary file
. About E p ]
Evidence data
Tag Data

Reset @
Progress Q 0%

N
Figure 11: “Application” tab of the ”Model@) page in EIS Wizard.

| ¥
2.4 History \\

The History view offers access to ir;{qnation related to previously computed models. Model name and Model
file parameters should be as gLve@ he Training stage.

N\
4‘\‘9
&

() EIS Wizard K e
% Mineral ey ste™ proxies Model h
| ?%\ Ds Summary
Model name
= Modeling
Mode! file
(D History
| Delete al Delete Expart
Settings
. About
Figure 12: “History” tab page in the EIS Wizard.
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2.5 Settings

The Settings view should be visited first to configure EIS Toolkit which is the Python library that EIS Wizard uses.
In addition to this, on the Settings page (Figure 13) you can also choose whether to use the docked EIS Wizard,
set a base raster, configure default colors and palette and set how produced layers are organized in the QGIS
layer tree.

EIS Wizard x
Mineral system proxies [EESREI:
EDA Environment type {e) python virtual environment (venv, Conda, Poetry) Q
(! Docker image (WIP, not recommended) ’\O
i Modeling Python venv directory /home/niko/code/eis_toolkit_venv
History ‘\%

@

Verify environment and > Environment: Venv direct
EIS Toolkit installation

OQ is :’K
Toolkit: Els Too@in alled in the specified venv.
Base raster @

Default base raster

Interface OQ
Use dockable EIS wizard 0&

Plots

Default categorical palette t -

Default continuous pa@idis .

Default color % I -

Other Q
v Autun@ly create layer groups

Save Reset

Figure 13: &fhe “Settings” tab page in EIS Wizard.
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