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Disclaimer

The information contained in these documents is the sole property of the Council for Geoscience and all rights are reserved. The information
is intended solely for the recipient and is confidential. Any use of this information by any person, including the recipient, and any further
dissemination or disclosure of the information, either in whole or in part, is prohibited except with the prior written consent of the Council
for Geoscience. The opinions expressed are in good faith and while every care has been taken in preparing these documents, the Council for
Geoscience makes no representations and gives no warranties of whatever nature in respect of these documents, including, but not limited to,
the accuracy or completeness of any information, facts and/or opinions contained therein. The Council for Geoscience, its Board, employees
and agents cannot be held liable for the use of and reliance on the opinions, estimates, forecasts and findings in these documents.

&

Councli for Geosclence



The Council for Geoscience

e The Council for Geoscience is the

successor of the Geological Survey of
South Africa

 The Geoscience Act (no. 100 of 1993)
established the Council for Geoscience in
its present form.
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The Council for Geoscience

Providing integrated, systematic and
thematic maps and conducting research
on the onshore and offshore geology of
South Africa, as mandated.

National advisory authority on geo-
environmental pollution.

Provides engineering geology studies — for
example sinkholes.

Manage the national seismic network.




Why Research Software?

* Vast quantities of data need a way to
speed up interpretation.

* Includes:
— Geology maps
— Geochemical data
— Magnetic and Gravity Data
— Seismic Data
— Laboratory analysis
— Marine data
— Remote sensing data

Googleearth

* Machine learning and Al present
opportunities to do this.
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Research Software Opportunities

Geophysics

Geochemistry
Groundwater modelling
Engineering Geology
Seismology

Geology

Mineral systems for target
identification

Environmental studies
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Geoscience Research Gaps

 Machine learning

— Random forests :
* Statutory projects

— National priorities

— Neural Networks

e 3D Modellin
5 e Academic studies

— Geophysical
. — Fresh exchange of
— Geological .
ideas
— Groundwater

e Automation

— Remote sensing



Programming Languages

Mi

rosoft

ortran
PowerStatlon

Excel
<\ MATLAB




Software development

e‘ pgthon -

* Python is a popular language which allows easy implementation of research software.




CGS Research Software - PyGMI Project

PyGMI stands for Python Geoscience Modelling and
Interpretation. It is a 3D modelling and interpretation
suite aimed at magnetic, gravity and other datasets.

Cluster Analysis, including use of scikit-learn libraries.
Seismological functions for SEISAN data.

Remote sensing ratios and improved imports.

It is a Qt based application.

It is released under the Gnu General Public License
version 3.0

https://patrick-cole.github.io/pygmi/
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PyGMI Open Source Software

Provides best opportunities for research
software support.

Gnu General Public License Version 3. .
" o | Free as in Freedom
— Allow free use while giving credit to developers.

. . : -
GitHub hosting of project. O GItHUb

— Version tracking
WinPython

— Online documentation via Sphinx .

Windows installer B

— Inno Setup Compiler
— WinPython distribution



Raster

Vector

Classification

EM

Magnetics and Gravity
MT

Potential Field Modelling
Remote Sensing
Seismology

PyGMI Functionality

| g8 PyGMI - Python Geoscience Modelling and Interpretation (3.3.0.18) = O >
| File Raster Vector Classification EM Magnetics and Gravity MT  Potential Field Modelling  Remote Sensing  Seismology  Help

xOE LN > B8

Dataset Information:

—————————————————— y Bands: =l |
dtm

1
i mag
1 grav
i tc

k

551__________ y
th

Raster Data Process Log:
Display

Import Raster Data busy...
Import Raster Data finished!

m
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Imports and exports
Filters

Reprojection
Statistics

Equations

Data display

— Anaglyphs

— Single layer and ternary
— Sun shading

Raster Function Examples

| & Raster Data Display

Display Type
Single Colour Map

Data Bands

dtm
Histogram Stretch
Linear with Percent Clip
Low Exclude %: 0.00
High Exclude %: 0.00
Full histogram with clip lines
Set current exclusion % to all bands
Apply Histogram
Colour Bar:
jet
V| Sunshading
Sunshade Data:
Sunshade Detail

dtm

Light Reflectance

Interpolation

1140.4587

S A€I PQA=LE

x = -9,129.93421, y = -2,802,018.94737
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Vector Function Examples

Pr—— <)
Imports and exports T
Gridding g
Reprojection
Statistics
Structural Complexity )
Data display

— Rose diagrams
- Vector plots A eD> ‘i" Q =~ B=0.917 (165.1%), r=199.

Equal Area Rose Diagram

— H istog rams Ieane otk

HELP Rose Diagram Type: | Average Angle per Feature = Value: |8 |:|

— Correlation coefficients
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Cluster analysis

— Includes crisp and fuzzy

Image segmentation
Supervised classification

Random forests and neural
networks

Data display
— Scatter plot tool

— Class results
— Metrics

Machine Learning

| & Scatter Plot Tool

5
4
3
2
1
Cross Plot Settings Map Settings
X Data Band: K = Delete Polygon
Data Band: K A Delete Polygon
¥ Data Band: eTh -
. Cluster Overlay: Clusters: 5 A
Cluster Overlay: Scatter Amplitudes =
HELP oK Cancel

Councli for Geosclence
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M a g n eti C a n d g raVity : e T Piecewise Linear Fit

Custom Functions

| &5 Matched Filtering b

Calculated Gravity - L . o H
Reduction to the Pole L | oo roa. |
| | |
IGRF calculation N | i
; | | |
Analytic signal oy : k
| | |
Continuation e i -
Bl T . Ol . . . Ol
Tilt angle and tilt depth 0.000 0.005 0.010 Tl’aggi%;;;(k}ﬂ_ﬂ2ﬂ 0.025 0.030
Matched filtering I ><
Import and process gravimeter data. o0 ks . | | | | |
Recalculate 000 0.005 0,010 ﬂ?m‘:fi:iberstk}ﬂ.ﬂzﬂ 0,025 0.030
|L e AeED Q=N (o y) = (~0.00102, ~1.31)
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3D Modelling Example

Potential field data:

3D forward modelling of
magnetic and gravity data

Inversion of magnetic and
gravity data.

Statistics
3D display and export.

[

& Potential Field Modelling = (m] X

Model b Lithaloay 1 R | Calculste  Coleulate  Caleulate Calculate Apply
Extent pe“ 5;:'““ 'N"tc’g”  Editor | aTg"s‘t“ Gravity  Magnetics Gravity Magnetics Demagnetization  Save Model
Parameters ' O aMEers otes = (Al (Al (Changes Only)  (Changes Only)  Correction
Editor B X
- Fied  View  View Impo Profile Type: | Standard Profile ~
A€ Q=¥ Dispay Magnebe Gravity Borehole " TG T
Limits  Profile  Profile  Logs

Gravity: @ | Profile Direction: 0 |~ |

Layer View

7,350,000 - 3,000 =
_ -120- | Profiles 119 |3 com—
[+

7,300,000 - 2.750 g [ Layer: 25 2] ———

Background

- 2,500 Wits magnetic

50,000 100,000 150,000 200,000 250,000 300,000 jas Witwatersrand

- 2,250

2000 £
 Wits magnetic -~
<
1,750
v Ventersdorp/Witwatersrand E
v Dolerite = = b
/ Pilanesberg 700,000 800,000 1,500 < [ Line Thickness: 1 [z)
/ Middelwater Sill M) 20,000 - | i i i | i . -
v T mgal 0 50,000 100,000 150.000 200.000 250,000 300,000 | Ranged Copy |

Distance (m)

| Add Lithological Boundary |

+/ Waterberg Group
v Dominion
¥ Karoo basalt

| Export Al Profiles (In current direction) |

Light Type: d off their respective calculations. Press *Calculate Gravity” to see the gravity plot and "Calculate Magnetics” to see the magnetic plot
Camera light > |
Light Position:
pss
135° 45"
180° L o
228° 315
270"
Reset Light

V| Smooth Model
Save to Image File (JPG or PNG) |

Refresh Model |
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Spectral Analysis and Automation Example

&5 Analyse Features X

band 100 refl [%*100] (1.06770) (1.0

0 Micrometers) ~

17°53'30"E 17°54'00"E Display Band:
Feature: 2200 -

Remote sensing:

V! True Colour Ternary Remove Hull Overlay second spectrum

6808400

Load Spectral Library

* Imports

Microcline+others H5107.3B  BECKa AREF &
Microcline+others H5107.3B NIC4aaa RREF
Montmorillonite+lllite CM37 BECKb AREF
Montmorillonite+|llite CM42 BECKb AREF
Montmorillonite-Na CU93-52A BECKc AREF
Mordenite+Clinopt. GDS151  BECKa AREF
Mordenite+Clinopt. GDS151 NIC4bbu RREF
Muscov+Jaros CU93-314 coatng BECKb AREF
Muscov+Jaros CU93-314 coatng ASDNGb AREF
Muscovite+Chlorite CU91-253D NIC4a RREF
Muscovite+Pyrophyl JH_PYRP1 ASDFRb AREF
Muscovite-low-Al CU98-8H  ASDFRb AREF
Muscovite-medlowAl CU91-250A ASDFRb AREF
Muscovite-medlowAl CU91-250A ASDNGb AREF
Muscovite-medlowAl CU91-250A NIC4b RREF
Muscovite-medhi-Al CU91-252D ASDFRc AREF
Muscovite-medhi-Al CU91-252D ASDNGc AREF
Nontronite+others CUDO-13A ASDFRb AREF
0.2 1 Natrolite+Zeolite H5168.1B  ASDFRb AREF
Natrolite+Zeolite H5168.2B  ASDFRb AREF
Natrolite+Zeolite H5168.3B  ASDFRb AREF
Natrolite+Zeolite H5168.3B NIC4bbb RREF
Natrolite+Zeolite H5168.4B  ASDFRb AREF
Opalized Tuff CUDD-15E  ASDFRb AREF

 Hyperspectral analysis and
feature detection o | e :

Current Spectrum Description
Wavelength

6808000

* Band ratios
e PCA and MNF
 Topographic correction

6807600

28°49'45"S 28°49'30"S 28°49'15"S

782000 782500 783000 783500

0.4 4

0.3 4

e Condition indices

* Change detection A€P PAEW B

HELP OK | Cancel
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Important for software to be
relevant

— Evolution of software for new features
— Removal of obsolete features
Not only about finding bugs

— But people do use things in
(unpredictably) different ways

Feedback

19



Documentation and Websites

Website important for
documentation and new
releases

Wiki and API

— https://patrick-
cole.github.io/pygmi/

Github repository

— https://github.com/Patrick-
Cole/pygmi

PyPl Repository

— https://pypi.org/project/pygmi/

|v & PYGMI—PyGMI 3300 docum X+

| € G % patrick-colegithub.io/pygmi/

| 88 @ Googleferth @ Home - Geolntranet [

+ Ask Gemini - o x

* O & @

Python [ Geophysis [ Journals [ Al (3 ITHelpDesk - SigniFlow Login  af Aledforbes s SAP  BE SuccessFactors M0 SACNASP - Scientist.. @ Continuing Professi

documentation

python 3 [l v v3.2.0.0

[

Q Search

PYGMI Wiki
Installation Instructio

User Interface Overvis

ctrl [+ K

ns

ew

Getting Started Guide: Example

Of A Basic Workflow
File Menu

Raster Data Analysis
Vector Data Analysis
Boreholes
Classification
Electromagnetics
Gravity

Magnetics

In PyGMI

»

Council for Geoscience

te
.
o}

i= Contents

PYGMI

PyG M I Overview

Welcome to the PyGMI website! It contains more information, including APl documentation for the project.

The latest version can be downloaded at the release section.

If there are requests or concerns, please contact me.

Overview

PyGMI stands for Python Geoscience Modelling and Interpretation. It is a modelling and interpretation suite
aimed at magnetic, gravity, remote sensing and other datasets. PyGMI has a graphical user interface, and is

meant to be run as such

PyGMI is developed at the Council for Geoscience (Geological Survey of South Africa).

It includes:

* Magnetic and Gravity 3D forward modelling.

» Cluster Analysis, including use of scikit-learn libraries.

* Routines for cutting, reprojecting and doing simple modifications to data.

@ 20

Councli for Geosclence



Coding Standards

Important for reusability of code.
For Python, this is the PEP (Python

Enhancement Proposals) 8 standard:
— Code layout and formatting
— Naming conventions

— Imports

— Programming practices and idioms

Automation tools available:
— Flake8

— Ruff

— Black

21



Software challenges

Need specific skillsets |

— Aptitude with programming - @
. . ] o OQ

— Applied Mathematics [ ‘ 0 O

— Geology

Needs organisational support in terms of
time

From https://www.binaryfolks.com/blog/software-development-problems

22



The role of Al

Very useful for coding examples,
including what libraries are available
for a specific problem.

Sometimes prone to syntax or function
parameter inaccuracies.

Provides solutions based on phrased
request, not necessarily best practice.

Makes custom images for
presentations easy!

@ 23
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Conclusions

Open Source collaboration is possible.

Frameworks — such as GitHub — allow for co-development and sharing of research
software.

Research software allows for cutting edge research and fresh ideas.

Journal of Open Source Software (JOSS) is an excellent example of research software
publication — encourages good coding standards as a part of the review process.

24



THANK YOU
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