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Open Science



Open Science

Required by EU:

source: openscience.eu

https://openscience.eu/h2020-policies/
https://openscience.eu/h2020-policies/


Open Science

and by UNESCO:

Recommendation on Open Science adopted by the 41  session of UNESCO General

Conference in Nov. 2021

st

Building on the essential principles of academic freedom, research integrity and scienti�c

excellence, open science sets a new paradigm that integrates into the scienti�c enterprise

practices for reproducibility, transparency, sharing and collaboration resulting from the

increased opening of scienti�c contents, tools and processes.

source: www.unesco.org/en/natural-sciences/open-science

https://www.unesco.org/en/natural-sciences/open-science
https://www.unesco.org/en/natural-sciences/open-science


Open Science Wheel

source: www.unesco.org/en/natural-sciences/open-science

https://www.unesco.org/en/natural-sciences/open-science
https://www.unesco.org/en/natural-sciences/open-science


Open Science Wheel



Open Science Wheel



Open Data



EU-FTICR-MS Data repository



EU-FTICR-MS Data repository

data.eu-fticr-ms.eu

https://data.eu-fticr-ms.eu/
https://data.eu-fticr-ms.eu/


EU-FTICR-MS Data repository

data.eu-fticr-ms.eu

https://data.eu-fticr-ms.eu/
https://data.eu-fticr-ms.eu/


EU-FTICR-MS Data repository

• Data Management Plan

describes repository policy

• FAIR

▪ Findable

▪ Accessible

▪ Interoperable

▪ Reusable

• Open: Data in free access

CC 4.0 BY NC

• Open  Free≠



Creative Common licences

An generic �exible open licence for texts

source : 

Public Domain

        |

        |

creativecommons.org

https://creativecommons.org/
https://creativecommons.org/


        |

        |

Copyrighted



Open Source Software



UNESCO Recommendation on Open Science

Building on the essential principles of academic freedom, research integrity and scienti�c

excellence, open science sets a new paradigm that integrates into the scienti�c enterprise

practices for reproducibility, transparency, sharing and collaboration resulting from the

increased opening of scienti�c contents, tools and processes.



reproducibility…

Ion Cyclotronic Resonance-MS is special !

FT-ICR does not measure a Mass Spectrum !

It mesures a Transient ��



Processing

• Transient

•  Fourier Transformation

• Frequency Spectrum

•  to Mass Spectrum

• Mass Spectrum

→

→

Data Size

• Peak list << Transient

• Transient < Spectrum





SPIKE

A data-processing library devoted to Fourier spectrometries.

• Nuclear Magnetic Resonance

• FT-ICR Mass Spectrometry

• Orbitrap Mass Spectrometry

• …

SPIKE a processing software dedicated to Fourier spectroscopies

Chiron L., Coutouly M-A., Starck J-P., Rolando C., Delsuc M-A. 

]

(2016) arXiv

1608.06777

https://arxiv.org/abs/1608.06777
https://arxiv.org/abs/1608.06777
https://arxiv.org/abs/1608.06777
https://arxiv.org/abs/1608.06777
https://arxiv.org/abs/1608.06777
https://arxiv.org/abs/1608.06777


SPIKE

SPIKE is open-source, under GPL licence, distributed on GitHub



SPIKE in details

• written in python

▪ multi platform (Windows, MacOS, Linux)

▪ based on standard library (numpy, scipy, ...)

▪ multiprocessing

▪ GPU capabilities (numba)

▪ large �les and off-memory processing (HDF5)

▪ internal compression

• speci�c methods

▪ urQRd noise reduction,

▪ Hypercomplex arithmetics

• complete access

▪ metadata

▪ batch processing

▪ some interactive modules

MS & NMR spectrometries !



SPIKE Features

• Transient

▪ apodisation

▪ zero�lling

▪ data extension

▪ noise reduction

• Frequency_Spectrum

▪ noise reduction

▪ baseline correction

▪ phasing

• Mass_Spectrum

▪ peak picking

▪ peak �ltering

▪ peak width estimate

▪ accuracy evaluation

• Frequency_analysis

▪ Fourier transform

▪ Burg transform



▪ HSVD / Filter diagonalisation

▪ Genetic Algorithm / DNN

▪ Non Uniform Sampling

• Mass_Analysis

▪ calibration

▪ intensity correction

• More

▪ MS series / LC-MS

▪ 2D FTICR-MS



But…

user interface: ����





Data Mining



Data Mining

A Round Robin test performed over all Instruments in the Network.



Glutathione molecule



chosen for its �ne isotopic pattern

�ne isotopic pattern of Glutathione



�ne isotopic pattern of Glutathione



DATA Mining

Laura Duciel

Comparison between the various processing parameters

Batch processing of several different MS experiment

comparing zero-�lling

with 2 methods:

(left) cosine difference

(right) SNR





comparing apodisation



DATA Mining

Comparison between the various acquisition optimisation



publication in progress





Interactive Program

developped by



presentation

On-line tool



developed for

EU project

used internally

in the network so far

all data-sets accessible

integrated environment



presentation

On-line tool

developed for



EU project

used internally

in the network so far

all data-sets accessible

integrated environment



detailed parameters



interface kept

simple

optimised

data processing

auto adapt

to dataset type



various possibilities

peak assignment

recalibration



audit-trail

All actions to the data are logged





The log �le is signed, and can be exported.





phase sensitive processing

Spectra, presented in “Absorption” mode bring:

• better precision

• better Signal-to-Noise



However, they need to be “Phased”

zoom on a small region

Note display in frequency



Schematic of the excitation pulse



Phasing procedure

1/ �rst select a zone (here around 184kHz : m/z 588)



2/ unroll linear dependence



3/ unroll quadratic dependence



Phased Broadband spectrum

Phased Broadband spectrum



Phasing helper tool



Larger datasets





LC-MS

LC-FTICR-MS



extracting slices



2D FTICR-MS



Several Challenges

• large File (10 .. 100GB)

• Large Processing

• DeNoising is usually required

▪ urQRd : fast and ef�cient



Phasing 2D FTICR-MS



4MS

New Development

• by  

• open-source

scienti�c lib.

▪ SPIKE

▪ isotopes

▪ neutronstar

▪ rocospin

• technical lib.

▪ tornado

▪ ipywidget

▪ voilà

 Available 2023⇒



4MS with �ne isotopic pattern analysis



stack of Open-Source software



4NMR

Same development, available soon !
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source: 

presentation done with 

“Historic Tale Construction Kit” github.com/htck

Quarto / Revealjs

https://htck.github.io/bayeux
https://quarto.org/
https://htck.github.io/bayeux
https://quarto.org/

