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Why do we need data processing?

● Data processing is the most important part of every experiment.

● Discharge produces various raw data.

● The data needs to be processed.

●  Several processing tools can be used:

○ Programming languages - Python, MATLAB, GNUPLOT, Octave, etc.

○ Spreadsheets - Excel (not recommended).

● Main output - figures, tables, etc.
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What is data processing?

1. Data collection - gather data from a source.

2. Sorting data - sort the raw data (remove incorrect data, remove offset, …)

3. Data input - prepare the data for processing 

4. Data processing - processing the data input (integrate, differentiate, sum, …)

5. Data output - creating visualisation, figures, …

6. Data storage - save the data (for the next use)
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DATA ACCESS

● All the discharge outputs are available the GOLEM website

http://golem.fi.cvut.cz/shots/<#shot_no>/

● The most recent discharge

http://golem.fi.cvut.cz/shots/0

● Data <CHANNEL> from DAS <DAS_name> 

http://golem.fi.cvut.cz/shots/<#shot_no>/<DAS_name>/<CHANNEL>.csv
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SHOT HOMEPAGE

1. Discharge number

2. Discharge command

3. Technological parameters

4. Plasma parameters

5. Diagnostics
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http://golem.fi.cvut.cz/shots/40151/



Where to find data on homepage?
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Basic Diagnostics data directory
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Right click selected .csv file to 
find URL. 
URL will be used later for data 
downloading.



DATA FORMAT

● Data stored in csv format (columns separated by "," symbol).

● Several ways to download data:
○ Manually download by clicking on it (not recommended, slow, not automatized).

○ Using wget command (Linux, Mac users, Windows WSL).

○ Automated downloading using programming languages (Python, MATLAB, …).

● DAS temporal resolution 1 μs.

● DAS produces N columns x 40000 rows.

● 1st column represents time.

● 2nd column represents measured data. 
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GOLEM - basic Data Acquisition System DAS

● An example of data representation.

● Csv files can vary in number of columns.

● Time axis units can vary (s or ms).

● Separators can vary.

● Separator must be specified to load the data.

● Check data before analyzing!
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WGET

● Wget is used on Linux, Mac, or Windows WSL for data downloading.

Wget is the non-interactive network downloader used to download files from the server.

● For cycles can be used in bash to download data from multiple discharges:

#!/bin/bash

for shot in {40740..40745}

   do wget "http://golem.fjfi.cvut.cz/shots/$shot/Diagnostics/BasicDiagnostics/Basic/Results/U_loop.csv"

done

● The script downloads Bt data from discharges 40740 to 40745.
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EXCEL

● Download data using wget and open one after another.

● Open data directly from URL:

How to Import Web Data Into Excel on PC or Mac (with Pictures)

● Excel is tolerated but not recommended.

● Usable for easy tasks, not suitable for more complex tasks.

● Disadvantages: difficult to load data, handle it, and process

● Advantages: no need of programming  
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GNUPLOT

● Command-line driven utility generating two and three dimensional plots.

● Can be used for automatized data visualization.

● Useful and versatile.

● It is not programming language.

● Not very intuitive. 

● No graphical interface available.

● The data processing must be done outside GNUPLOT.
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GNUPLOT - code example
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MATLAB

● Easy to use.

● Great for matrix data manipulation and visualization.

● Predefined functions and complex graphical interface.

● Interprepreted language - can be slow.

● Is not free software.

● Syntax not very similar to other programming languages.
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MATLAB - code example
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OCTAVE

● Similar syntax to MATLAB.

● Free software.

● Both GUI and no-GUI interface.

● No all of the fancy libraries and packages MATLAB offers.

● Not a general purpose programming language.

● Interpreted language => slow. 
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OCTAVE - code example
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PYTHON - recommended programming language

● One of the best programming languages to be used generally.

● Offers simple syntax, powerful modules.

● Relatively easy to learn, some parts of syntax similar to MATLAB (matplotlib).

● Free to use.

● Can be very fast when using correctly.

● Jupyter Notebook - great IDE allowing divide the code into cells.

● Almost no disadvantages :)
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PYTHON - IDEs to use

● Script in .py file - python3 script.py - not optimal.

● pyCharm

● SPYDER 

● Jupyter Notebook - Anaconda3
○ Advantages: all in one place, easy to convert (HTML, PDF, …), easy to share, interactive, code 

divided into cells, markdown included, easy to use custom python environment, great for 

simpler data processing tasks.

○ Disadvantages: not best for long projects, less security, no code asistation.

https://docs.anaconda.com/anaconda/install/index.html
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https://docs.anaconda.com/anaconda/install/index.html
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PYTHON - collections

● List:
○ Defined by square bracelets.

○ A collection of ordered data, mutable.

● Tuple:
○ Defined by round bracelets.

○ Ordered collection of data, immutable, higher performance, used as indices for dicts, have 

defined shape.

● Dictionary:
○ Defined by curly bracelets.

○ Unordered collection of data that stores data in key-value pair.
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PYTHON - working with strings

● An 'f' strings can be used for inserting variables into strings.

● Insert 'f' letter at the beginning of the string.

● Use curly braces '{', '}' and insert the variable inside.

● The string will be concatenated.
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PYTHON - modules

● Numpy
○ Multi-dimensional arrays and matrices equipped with high-level mathematical operations.

○ In our case is used for basic data manipulation.

● Matplotlib
○ Plotting library used for creating static, animated, or interactive visualizations.

○ In our case is used for basic or complex data plotting.

● Pandas
○ Module used for data manipulation and analysis in form of data structured (various tables).

○ In our case is used for data manipulation in form of data frames.

26



PYTHON - numpy

27



PYTHON - numpy
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Python - matplotlib
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Python - pandas
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PYTHON - pandas

31



PYTHON - pandas
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PYTHON - selecting data in pandas

33



Simple example of toroidal magnetic field determination
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Toroidal magnetic field determination

● Toroidal magnetic field measured by small 
coil.

● Its axis parallel to the magnetic field.
● Measures the time derivative of the toroidal 

magnetic field.
● Toroidal magnetic field determined based 

on the Faraday's law.
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Loading the data
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Removing offset I
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Removing offset II
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Integration
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PYTHON - xarray

● Multidimensional arrays - DataArray or Dataset.

● More intuitive, more concise, and less error-prone.

● Introduces labels in form of dimensions, coordinates, and attributes.

● Example: dimensions (x, y, t), coordinates (latitude (x), longitude (y)), data_var 

(temperature(x, y, t), precipitation(x,y,t))
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PYTHON - xarray example
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Best Practises

● Document your code - make comments.

● Use one statement per line (do not use print(“A”); print(“B”); …).

● Code indentation (proper tabs, spaces, etc).

● Do not repeat yourself

● Use a Proper Naming Convention.

● Avoid magic numbers.
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CONCLUSION

● Conversion of the data to useful information.

● Almost all experiments raw data has to be analyzed.

● Data can be processed using several programming languages:

○ Python, MATLAB, Octave, GNUPLOT, or Excel.

● Python is currently the best programming language for data analysis.

● Follow best practices.

● The most important - enjoy the process of data analysis :)
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