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The workshop

- A short introduction about Python

- Demonstration on some data analysis examples
(Hands-on)
- Ruby luminescence fit
- Black body radiation fit and processing
- hdf5 XRD image plate processing

Resources in:
https://alexisforestier.github.io/Atelier-Python-HP/
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Atelier “Python pour I’analyse des données haute pression”

14e Forum de technologie des hautes pressions
Nouvelles frontiéres en haute pression : de I'instrumentation a I'analyse de données
3-7 juin 2024 - Argelés-sur-Mer

Cet ateller propose une Initiation a I'analyse de données en utilisant le langage de programmation Python, adapté au contexte des
expérlences haute pression. Lobjectif est de montrer un apercu des vastes possibllités et de fournir des Informations utiles a la fois pour
les débutants et les utilisateurs confirmés, sans se focaliser sur la syntaxe du langage. Python bénéficle d'une grande popularité et est
tres utllisé dans la gestion et I'analyse de données, ainsi que pour le pilotage des expériences sur grands instruments (ESRF, Solell...). Il
figure désormals parmi les langages les plus enselgnés aux étudiants en sclences.

Ressources

« Slides de présentation.
« Tutoriel : installation de python, de packages et utilisation des er virtuels

« Fit d'un spectre de luminescence du rubls. Visualiser Télécharger
« Analyse d'un spectre de rayonnement de corps nolr. Visualiser Télécharger
« Ouverture et intégration azimuthale d'une plaque Image de diffraction des rayons X au format HDF5 (.h5) Visualiser Télécharger

Autres ressources utiles

Bases

« Un trés bon notebook pour apprendre les bases de python de maniére Interactive

« Les bases de python : boucles for/while, tests If else, fonctions et opérateurs, types natifs, listes, tuples et dictionnaires etc. : sur
courspython.com

« Manipulation de tableaux numpy : doc. de numpy

« Indexation des tableaux numpy : dans la documentation de numpy, voir aussi : le slicing en python

« Lalibrairle pandas, utllisation du type DataFrame : documentation de pandas

« Indexation des DataFrame de pandas : dans la documentation de pandas

* Les compréhension de listes

« Types mutables, non-mutables

« Gestlon des exceptions, try...except : sur docs.python.org

« Quelques bases de programmation orientée objet : sur courspython.com



Introduction

Python is both the fastest growing and (one of) the most

Souree: wuntiobe com popular programming language right now.
30
=>  Easy to learn (high level, easy to debug)
20 =>  Massive, open source community
=>  Very modular, thus versatile

Ratings (%)

-
o

=>  Widely taught to students in science
=> Used in large scientific facilities
0
20IOS 20|1 0 20I1 5 20|20
== Python e= C e= C# == Java Fortran == JavaScript
Good for :
- Web development *
- Machine learning/Al /01‘,77
. O/-e
- Instrumentation /

- Data visualization/analysis
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Python from hardware control to data analysis

Instrument Data acquisition Data analysis

S lg’&s;
7 z .\‘,-.\w
N P
Proprietary/
software pgthon"‘
p—

e\

Data reduction
- Fit
Representation

- Drivers : to connect to the instrument
- SDK (software development kit) : proprietary
libraries to control the instrument
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How to python: Installation — .
Official documentation:

How to install Conda: https://alexisforestier.github.io/Atelier-Python-HP/installation.html https://docs.conda.io/en/latest

Python Installation with conda distribution

The easiest way

—— Using virtual environments :

) ANACONDA Products  Solutions  Resources Partners  Company m
Virtual Environment 1 Virtual Environment 2 Virtual Environment 3
Anaconda Installers N\ N (’ N
N
o 2 & h N N
. « N N N
Windows Mac Linux ‘ N N N
N N N
N | N N
Python 3.1 Python 3.1 Python 3.1 1 N 2 2
) 64-Bit Graphical Installer (904.4M) o 6a-E ™) & :
N IN \ N
Y n St s Python 2.7 N Python 3.6 N Python 3.10 N
12w Instater 758.51) N ] b
s 64-Bit (M1) Graphical Installer s 64-bit (Linux on 1BM Z & LinuxONE) - - o — N
) :g:.?;“ . nstaler S16M) 3rd Party Libraries Q N N
i 64-81 (M) Command Lin nstaer
0om) - : - : - :
re— NumPy 1.14.4 r— Pandas 1.0.1 r— Pandas 1.3.5
e )
- - -
2.Run the in%tal\ev and fo\lufu the steps without changing any options, unless: if your username on Windows contains spaces, do — Matplotlib 2.2.6 : e PySpark 2.4.8 : e Matplotlib 3.5.1
not install in the default directory (C:\Users\username\anaconda3). If your username contains spaces, change the installation &
directory to "C:\Anaconda’. j
3. You now have a new software called Anaconda Navigator in the startup menu. Launch it. You will see a number of different -
applications that you can use: =
N
O ANACONDANAVIGATOR ° = — AN SN SN A
* 2
o 1
L
) dataquest.io
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Basic Python interpreter:

Write code: Text editor vs. Notebook A

[GCC 8.4.0] on linux
Type "help", "copyright", "credits" or "license" for more information.
>>> x = 3

Python is a interpreted language : no compilation required >>> x+2

>>> I

° There are two popular ways to interact with Python code:

N

Jjupyter jupyter Notebook : notebook file .ipynb @pgder spyder, or any text editor
use in the web browser raw python file .py

s ? B G 0 » @  ianitagomez/Local/Dev-Spyder/spyder/spyder/plugins/plots
g J u pyter test (unsaved changes) Logout JUsers/juanitagomez/Local/Dev-Spyder/spyder/spyder/plugins/plots/plugin.py
~ @ pluginpy O X plugin.py - plots X chart_plot example.py X plugin.py - ipythonconsole = Type
File Edit View Insert Cell Kernel Widgets Help Trusted ‘ Python3 O ~ @ Pio bool bool True
get.nams de data Array of strizs ndarray object of numpy module
+ 2 A B 4+ ¥ MRin B C ®» Code j = o e drtetina ooiect [LATERS 2021-04-14 1735110, 667085
et icon
Sogfs‘«e. at DataFrane ,2)  Column names: Coll, Col2
unregister fitenane (e A
e GO et Cabeat, 745, 2,23, “etah’, 70.2
I [ 1] . = 2 2dd shellwidger spyder.api.plugins Plugins, SpyderDockablePlugin et
n tja= remove_shellwidget spyder. api. translations get_translation
b =3 Satsollnidpet spyder. plugins. plots.widgets.main_widget PlotsHidget float 646567886443
- b @ chart_plot_example.py tuple (‘abcd®, 745, 2.23, 'efgh’, 70.2)
print(a + b) % Plot finalterrain model By et TR
B generate_polar_plot
5 @ generate_dem_plot Plots(SpyderDockablePlugin) : LS < RAB1Raes 30

@ main
@ pluginpy
v [@ IPythonConsole

Help Variable Explorer Files Code Analysis

ots

[Plugins . IPythonConsole]
Plugins.VariableExplorer, Plugins.Help]
5 =

In [2]: def ma_fonction(x, y):

SpyderPluginMixin AP -
return x +y update_font

-apply_gui_plugin_settings
_apply_mpl_plugin_setting:
-apply_advanced_plugin_s

In [3]: ma_fonction(a, 10) e
sot.olupin_settings o,
out([3]: 12 apply_plugin_settings ( y nd save console generated plo

toggle_view get_icon(selr)
-- SpyderPluginWidget AP Eorestetoon(y
get_plugin_title register(self):

In [4]: ma_fonction("Bonjour", "Jupyter") OSCpluOkT loon {oyconsate = se1.get_plugin(Plugins. TPythonconsote)

get_focus_widget

closing_plugin
. ' 3 i o ipyconsole.sig_shellwidget_changed.connect (. .set_shellwidget)
Out[4]: 'BonjourJupyter refresh_plugin {hVcansote:sia-shelwidiet processstarted. comnect(
get_plugin_actions s6ddishellwidget)
. oyconsolessTa she\lutooet process_ findshed. comect(
register_plugin . remove_shellwidget)

Plots| IPython console | History.
© conda: spyder-devPython3.8.5, <, LSPPython:ready ¥ master Line10,Coll UTF-8 LF RW Mem64%
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Write code: Text editor vs. Notebook Ex: Spyder

Use a text editor, or an

rt_plot example.py | X plugin.py - ipythonconsole

‘integrated development environment’ (IDE) :
the “developper” way

- Write a .py file
->  Execute it using a terminal or console

Help |Variable Explorer. Files Code Analysis.

Modern editors like Spyder or VSCode usually provide :

- Graphical interface to execute the .py file
- Interactive console

- Autocompletion T e i
- Syntax highlighting 1.
- Workspace splitting

- Variable explorer

- Easy data visualization

- Easy HTML report generation
- (Optionally executable by blocks of lines) Official documentation:
https://docs.spyder-ide.org/5/index.html
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Python code editor
2. Variable explorer
3. Console for output visualization




Write code: Text editor vs. Notebook

IPIvl: Notebook spectrogram Last Checkpoint: a few seconds ago (autosaved) Fykion (Pylhon 9).~
Flo  Edt  View et Cel Kemsl Hep 20 Jupyter is a free open source software offering
2| EIEAECIET| COEVE T e N electronic notebooks mixing:

-> Cell-based code execution
= ‘Markdown’-formatted text
-=> Latex formulas

Simple spectral analysis

An of the Discrete Fourler Transform using g, to reveal the frequency content of a sound signal.

N-1 )
Xk:Zz,.e_le’m k=0,...,N—-1
n=0

We begin by loading a datafile using SciPy's audio file support: The resultlng f||e |S a _ipynb notebook

In [1]: from scipy.io import wavfile
rate, x = wavfile.read('test_mono.wav')

And we can easlly view Its spectral structure using matplotiib's bulltin specgram routine: - I nte ra Ct | ve

1n [21: [Amatplotiib iniine - Execution by blocks for quick trial/error

from matplotlib import pyplot as plt
fig, (axl, ax2) = plt.subplots(l, 2, figsize=(12, 4))

ax1/plot(X); ax1.set_title( Raw sudio signal’) - Take the form of a document (exportable)
ax2.specgram(x); ax2.set_title('Spectrogram'); .
- Easy readable documentation
- Facilitates collaboration
- Supports multiple programming languages (julia, R)
- Well suited for data exploration and analysis

Raw audio signal

Spectrogram
\ QT

a
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User interfaces

Python allows to easily build user interfaces, with different levels of friendliness and visual refinement.

This is great to share your work with the world !

Here are a few examples within high pressure science ...

1. Command-line interface (CLI)
2.  Tkinter
3. PyQt
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User interfaces

Example:

Command-line Interface (CLI)

Keyboard only interaction
a. efficient navigation in the menu

b. quick change of input parameters
c. simple and user friendly

e.g. /ﬁliss at the ESRF

Forum HP - Argeles-sur-mer - Juin 2024

Atelier Python

Amorpheus

INININININININININININININININININININININININININININININ/N/N/N

Welcome to AMORPHEUS!!

HURHRB R AR AR R AR R R AR AR B R R AR BB R R BB AR R AR B R A BB R AR R AR AR R AR B R A BB A HEH
#

# Visualize [v] - Normalize [n] - Loop rmin [r] - Loop gmax [x]
# Batch [b] - Chi2 [c] - Parameters [p] - Quit [q]

#

HURHHBR AR AR B R AR B R AR AR B R R AR BB R R B R AR R R B R A BB R AR R AR AR R ARG R AR RH

Remove Peaks Start
and Smooth O
Batch Parameters} ‘ Quit

Visualize | | Normalize ‘ Minimize

¢—|—¢

Loop Loop
over over
rmin Qmax

https://qgithub.com/CelluleProjet/Amorpheus



https://github.com/CelluleProjet/Amorpheus

User interfaces Examples: RPS: Remove Peaks and Smooth

¢ RPS: Remove Peaks & Smooth - [u] X
Data Zoom Area
300 o
e i _ ::;v Data 300 : ;:)om
250 1 —— Smooth 275 Sub
. 3 225 E = ;E:: ::; a0
Tkinter : RPS, Rubycond . s
22007 i z
g . : E g 200
. . . = 150 4 : = 175
Basic graphical interface 25 , 150
a. part of the Python standard 100 e 1| &
-] 10 15 20 25 9.2 9.3 9.4 9.5 9.6 9.7
X axis X axis

library, comes installed b
y’ y A € ‘*’IQE x=9,65y=9o,s A € > Q= x:9.777y=‘|2|.4
dEfau |t Cursor 2.880 m 9191 |Lorentz v\ Show Results | Accept v/ l About |
. . o | e | R T
b. extensive documentation

¢ Ruby o

and large community

PRL Shortcuts Calc About

c. quicktolearn Rubycond P Shen 2020 = 1045 GPa

Ruby R1 A = 698.07 0 0.77 R2 A = 696.62 0 0.55 nm

same license as python

2500
2000

1500

Intensity (a.u.)

https://github.com/CelluleProjet/Rubycond

SN
m 692 694 696 698 700 702 704

Wavelengths (nm)
m
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https://github.com/CelluleProjet/Rubycond

User interfaces

PyQt : Python implementation of the
industry-standard GUI engine Qt, for

advanced graphical interface

Dioptas

& eiger_0000.h5, calibration: calibration | Dioptas 0.6.0 - © 2024 C. Prescher

IMAGE

Load Image(s)
utoprocess

eiger_0000.h5

Batch Mode: (@

PATTERN

Examples:

myPGM

https://github.com/AHilberer/myPGM

e0e® myPGM - PressureGaugeMonitor PvPm table
e usiooibo Pm P x T X0 To  calb fie
Calibration: | Ruby2020 ~ | lambda (hm) 696,22 |+ T(K) 298 2 Pm (bar) [1,50 = Qo0 |1.706 1€94.91 |208.0 1694.28 |298.0 |Ruby.. |Exam.
T correction: Datchi 2007 Jambda0 (nm) (694,28 |2 T0 (K) | 208 = p(opa) (5,307 A\l PvsPm 2110 3.264 695.48 298.0 694.28 208.0 Ruby. Exam.
315 5.307 696.22 298.0 694.28 298.0 Ruby.. Exam..
File management File fitting
Add file  Delete file I /PGM/ _Ruby_3 asc
— No directory selected
[ Select directory | & Load latest
Example_diam_Raman.asc Fit
Exarmplo_Ruby T8 Auto Bg Manual Bg Reset Bg =
Example_Ruby_2.asc Click-to-fit
Example_Ruby_3 asc Smoothing: 1 —
_ o X Example_H21xt Double Voigt -
Fitted pressure : 5.31 GPa
OVERLAY PHASE COR BKG X 100 — best fit
. 075
< > (@ ByName 2
£ 0.50
O By Time 2 Save data to csv Load data from csv
J By <025
PvPm Plot
0.00
688 690 692 694 696 698 700 = -
Dropbox/XRD_Fe_ID27/HAWK3_load1_Fe/HAWK3_load1_Fe_0001/5can0002 \ambda (nm) #E> PQEL
integrate () add () average () save Batch view aA€> Q=¥ 50 Ruby2020
45
0.025
i Calibration  calibration 5 ﬁ- 1 L
2 0.000 H H 3
3 ~r G35
eiger_0000 2 -0.025 3 =
688 690 692 694 696 698 700
lambda (nm) 25
A€ Q=W (x,) = (697.50,0.0827) 2:0
O e PETTTE 000 025 050 075 1.00 125 150
Pm (bar)

Change View 20: 29.488
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https://www.clemensprescher.com/programs/dioptas

20

20()

10

Q: 8.556 d: 0734 X: 87.990

Atelier Python
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https://github.com/AHilberer/myPGM
https://www.clemensprescher.com/programs/dioptas

Tkinter vs PyQt

Tkinter - beginners and small projects
https://tkdocs.com/tutorial/index.html

part of the Python standard library (installed by
default)

extensive documentation and a large community
quick to learn

it can be used freely for commercial software
because its license is the same as Python's

basic widgets
old fashioned look

has decent performance for small to medium-sized
applications
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PyQt - large projects and professional application
https://www.pythonguis.com/pyqt5-tutorial/

requires a separate installation

poor and incomplete Python documentation
not easy to learn

it allows for a GPL or commercial license only

wide range of advanced features
modern native look

better performance, more suitable for larger
projects or app that requires fast refresh

More Info: https://www.pythonguis.com/fag/pyqt-vs-tkinter/
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Tons of useful libraries for data analysis: See also:

https://alexisforestier.github.io/Atelier-Python-HP/

Easy yet extremely customizable scientific plots

Basically all the maths you might ever need

I::I pCII"IdClS Large data structures and management (dataframe...)
L M F IT Easy and modular curve-fitting
|-u: h5py Opening HDFS5 files from synchrotron facilities (ESRF, SOLEIL ...)

fablo P.yFAﬂ Manipulate images produced by 2D X-Ray detectors
/ tkinter

Forum HP - Argeles-sur-mer - Juin 2024 Atelier Python 14

Graphical interfaces




Supplementary

Prepare answer to Al help for python:
Github copilot

(https://www.boardinfinity.com/blog/10-best-ai-python-code-generators-in-2024/)
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https://www.boardinfinity.com/blog/10-best-ai-python-code-generators-in-2024/

