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BACKGROUND MOTIVATION AND OBIJECTIVE

The CHARISMA EU’s Horizon 2020 project
aims to

* harmonize and standardize
characterization by Raman spectroscopy

* including hardware, measurement
protocols, and in-silico methods

* enabling end users to share digital
spectral data through a FAIR database
across domains and across the entire life
cycle of diverse products

* Raman spectroscopy is becoming a key technology 0l AR A
used in the research and development for A b
characterization of materials. l

* |deally, spectra should be comparable and linked to
specific material properties.

* In real life, Raman spectra differ between
instruments and depend on the spectrometer,
optical path, or sample environment, among others,
and only a limited number of calibration standards
for Raman spectroscopy are available to date [1
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We present ramanchada2, an open-source, MIT-licensed, Python package To facilitate Raman spectra analysis for the end users, we are

htt.ps:[[g.ithub.com/hZOZOcharisma/ramanchada.Z developing Oranchada, an user friendly wrapper of all ramanchada2
Ramanchada2 is published at the Python Package Index repository (PyPl). functionality, which is available for installation as an add-on of the

Raman spectra data input and output  Find peak candidates popular Orange data mining software [2]. The Oranchada package is
v’ Multiple file formats supported v’ Sharpening also open source and MIT-licensed and actively developed at

H v simulated data (VASP, Crystal) v’ Bayesian Gaussian mixtures https://github.com/h2020charisma/oranchada.
v' Harmonized HDFS5 file format (output) v’ Peak finding

A File Edit View Widget Window Options Help
. . 1
.ﬁ Ui I:ILIPEI ViaTu -
15 v' Group overlapping peaks |
o == nCAL; 785 nm -5 | Oranchada Easy
':j E A \ Oranchada Pro AA RC2Spectra AA RC2Spectra AA Peaks — Data B . .
” __.h A
R 0 - T T T T T T T T 1.0+ h —}— Original signal /\A /\A AA AA Load Test Spectra Find Peaks Fit Peaks Save Data Ca I I b rat I O n WO r kfl OW
1 - —}— Sharpened signal
‘6 ; I Cr‘y‘stal - Bahsgﬁne Add Noise Add Subiract
:|£ u _I_ I"-I'IESD AA AA AA AA @ calibration-workflow-D3.3.0ws - Orange - )
] A A
M 0 . T r T ] 0.6 1 FindPesks  FitPeaks oot \HOR [ A\ Load File (2) - Orange - o X
11 \ A
N Oranchada Easy -—
o > i Crystal 0.4 1 /\A /\A /\A /\A -\ Oranchada Pro Set wavelength II;zlaydstyrene /€D .*. Q=
52 + "I-"IBSIJ- s sl Load File L;ad L2 Marger e hc;?:)crl'l / 1 \
harpening pectra
0 01— A - . - , M N\ oo
14 I ,__,—-_-__/_“J\_,/\M____ A AA AA AA Add Baseline  Add Noise Add Subtract /\A RC2Specra /\A
g'; CWStaj 0.01 Metadata Maving e Bosaan T 12007
o l L —— Vasp — I I I I I Select a widget to show its description. /\A /\A /\A /\A Load File RS to WL Xaxis fine calibration L toRS Load Fig (2)
—_— u | 1.0 4 —}— Original signal See . or open Cﬁf‘d @ P 10|00 2060
T T T T T T T T = 0 the . Find Peaks FitPeaks = GenSpedra HDR Merger 599‘6& & R hift -
0 250 500 750 1000 1250 1500 1750 :"__ —; Load aman shift [cm™]
: -1 0.8 4 - o - Silicon \
Raman shift [cm™!] I _i B # T /72 1 /\A /\A j\/\ AA o RSy Rggspm,a_, = 2 | 9- [3 1RC2Spectra
—+ :5 HHT Load Fil Load Test Merger AA e AA AA e, AA
l 0.6 —+ 6 Sharpening Spectra 9 Load
° — 7 | oad spectrum Load File (1) Set X-axis Xaxis fine calibration Set X-axis (1) .
Spectra preprocessin -3 ‘ MMM e 7o
04y 2 Ui’,ﬁd‘” Perform fit & calibration
~ _10 M::_‘S;ta mh:r:\;z?_n Normalize RS to WL \ © y
v’ Scale & normalize x-axis B
- —+ 12
S AA AA AA AA /\A RC25pectra AA RC25pectra AA AA
. 0.0 1 ecaver Resample E
/ B a S e I I n e r e m Ova I 3(',0 10'00 12'00 1 4'00 15'00 y s o Spikes NUDFpl' seed set e Load File (3) % Q Set X-axis (2) Find Peaks Fit Peai!(s ®  Xaxis fine calibratior
Raman Shift cm™? ‘. - Y qf Bﬂ &, & % @ ™ Data Table - Orange - o X
, : MM & % 3
/ ° . | g R Tune ¢ o amplitude amplitude_stderr center
Resampling non-uniform DFT s Skl L : o s e T
CoSpectr, 5 406.899 251184 99
k f. ° M b ke P fRC.zs,;l M / B @ 6 76936 0414918 102
spe_deltas = rc2.spectrum.from delta lines(deltas={800:1e3, 1800:1.5e3, 2500:1e3}) Pea Ittl ng Load spectum from fle S Sobac - _— ’ 283707 0414336 e
spe_initial = spe deltas.resample NUDFT filter(xnew bins=100).convolve(lineshape='voigt', sigma=.1, gamma=1) oving minimd " e Export ata fable s 233503 0600354 ”:v
spe_baseline = spe initial.add baseline(n freq=30, amplitude=50, pedestal=10, func=lambda x: x*.05 - .00001*x**2) / . _ data (9 29677 R 1)1'
spe_complete = spe baseline.add poisson noise(scale=.5) COI I IpOSIte I | IOdeI Subtract baseline N P,

spe nobaseline = spe scaled.subtract moving minimum(6)

spe_resampled = spe nobaseline.resample NUDFT filter(xnew bins=100, x range=(0, 2500)) / Flt On SeCtlonS # T /2 1

spe:scaled = spe_complete.scale xaxis fun(lambda x: x**2*.0001 + x*.22)
spe:normalized = spe_resampled.normalize()

svntheti ‘ " v' Models available: Gaussian, Voigt, ok P Peaie - Orange — 5 x
S ynthetic .spec fa gener.a. lon Pearson, Moffat D W € D> P Q=
v’ User defined peaks (position, il guess ] ass datacabe —
. o, . 1,95 - -=+ Original signal nd— 400 = group O - 400
P intensities) e — group2
v’ Convolve with peak profiles (Voigt, o CH ARISM A 300 — oroups 300
. Fit Peaks h [R— roup s
E Gaussian, Pearson 1V, VI, Moffat, Y Y. N 2 pertorm P group s |
C User defined function) pes ] vary baseine o group 8
. e . . 1.04 - Original signal Moffat o — group I
v' Add artificial baseline, noise o g 100 { —— group10 [
0.6 1 50 4
T n_freq=>50; amplitude=50; fun(x) = 0.006 x + 0.0001 x? — 0.4 A o - 0
- 021 e 500 1000 1500 2000 2500
001 - Raman shift [cm™1]
R Best fit components
. : 1.0 '1 -+ Original signal = P | =] 1 RC2Spectra [= 1 RC2Spectra

R | - \- - - - : . . __.""‘“_,.-" “'-.ﬂ"'-......u.uhu.l_ L - “""-\. .." i L "‘----.__ ‘-" k‘\“w"‘ L
n_freq=20; amplitude=20; fun(x) = — 1.5x + 0.001 x?2 0.0 T T T T T
—4 Raman Shift cm™!
—+ Lab A Instrument 2
Lab B, Instrument 1
I
560 55;0 650 760

Harmonized = : =
990 1000 1010 1020 1030 1040

FAIR data (eNanoMapper compatible) Wikibase for terminology harmonisation
O 500 1000 1500 2000 2500 3000 3500 400 600 800 1000 . 1200 1400 1600 1800
raw and harmonized spectra Raman shift [rel. 1/cm] Raman shift [rel. 1/cm]

~ Page Discussion
\
— O X / \ .
€@ H2020 CHARISMA x <+ B List of all terms

A
Istor a [ ] [ ] [ ]
CHARISNA v Open source for Raman spectra harmonisation, calibration workflow
&« C @& search.charisma.ideaconsult.net/projects/charisma/spectra/search/index. html e & ¥ o :_Ssjlntr:es.Lastuidi:eiftk(::n'llurczn:ouoven::e:zozz.h . e p p )

p: columns are sortable. Clici e column headers to switci etween the original sort order and ascending am lescending order.

CHARISMA Pfﬂﬁtl Definition Created Last updated

CHARISMA database E - = [ ) L] L] [ ] L] L]

Project Search Dashboard Template Wizard ~ Help ~ [n10705013] Log out P . £ - I F ¢ £ g . |8 4 2 / h
e 8 ¢ | b e BRIl ERE, |, |, Chemometric, e g. quadlitative analysIis 1or cnemical component mixtures
# Quickstart P - 5 g IERIE RN RE-IRE- § e s EL LB, % . ; . § . '; . ’ [ ] [ ]

Raman shift [em~1]

H2020 CHARISMA database Raman spectra search About ; o AN P b ALY b J f .
. B = | S ax v’ ramanchada?2 is used as a core dependency of a FAIR Raman database,
R w: ;;;; | m p | emente d as Pyt h on A P | W | t h d C I ou d b dC ke N d fO r sto ri n g R dman S p ectra
g = = = o= and metadata in HDF5 format. The metadata query and spectra search API is

SON (FraunhoferLBF) 785 S1N (FraunhoferLBF) 785

compatible with eNanoMapper database and NanoSafety Data Interface [4].
v For the harmonisation of Raman spectroscopy terminology, a coIIaboratlver
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