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L. Jolivet, M. Leprince, S. Moncayo, L. Sorbier, et al. SAB 2019 (Review)
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Imaging (Cambridge dictionary)
The process of making a visual representation of something 
by scanning it with a detector or electromagnetic beam.



A. Cugerone et al. Geology 48 (2019)

Resolution: 10 µm
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Complex spectral structure
Some elements have a very dense 
emission spectrum with thousands 
of lines (Ti, Fe, etc…)

High sample heterogeneity
By principle the aim in LIBS imaging 
is to reveal the heterogeneity of 
elements

Emission 
Spectroscopy

Kurucz simulation Te= 9000K, Ne= 5.1017 /cm3
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Complex spectral structure
Some elements have a very dense 
emission spectrum with thousands 
of lines (Ti, Fe, etc…)

High sample heterogeneity
By principle the aim in LIBS imaging 
is to reveal the heterogeneity of 
elements

Dependence on plasma 
parameters

Emission 
Spectroscopy

Kurucz simulation, Ne= 1.1017 /cm3

Atomic 
lines

Ionic 
lines



Simulation: J. Hermann

Self-Absorption

6 orders of magnitude



Large Spectral Dataset
> millions of spectra

Up to 3 spectrometers (i.e. ∼ 6000 wavelength 
channels) 

Complexity of the Emission Spectra
Complex structure in wavelength (line interferences)

High dynamic range in intensity

Non linearity 

Plasma variability

Single shot analysis

All the more 
challenging as the 
sample is complex
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Vers un traitement 
automatisé?

Data Processing               
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dIAg-EM
Diagnostique médical par intelligence 
artificielle appliquée à la microscopie LIBS 
élémentaire 
Novembre 2020 - 42 Mois
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1. Characterization of the aggregates
2. Carbon extraction

Need of a real time processing to identify minerals
→ accurate discrimination between the carbonates





Key point
~ 1400 reference spectra
For 8 categories

3 steps
• Learning
• Validation
• Step 

Methodology
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Nécessite une grande 
quantité de spectres 
de références…

Simulation…
𝑺𝑺 𝝀𝝀 = 𝒇𝒇(𝑻𝑻,𝑵𝑵𝑵𝑵,𝑪𝑪𝒙𝒙)



Saha equation: Ionization states 
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Boltzmann equation: Population density of the emitters
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z=0 (neutral)
z=1 (singly ionised)

Assuming a uniform plasma in LTE 
(Local Thermodynamic Equilibrium):

Spectral radiance (self-absorption)

𝐵𝐵𝜆𝜆 = 𝐵𝐵𝜆𝜆
0 1 − 𝑒𝑒−𝜏𝜏(𝜆𝜆) 𝜏𝜏 𝜆𝜆 Optical thickness

Simulation of pure elemental 
emissions for various T and Ne

Collaborations
Jörg Hermann

Ludovic Duponchel







LIBS collaborations: M. Baudelet, B. Bousquet, J.O. Caceres, V. Detalle, A. Di-Giacomo, F. Doucet, M. Gaft, J. Hermann

F. Le Cras, W.  Berthou, M. Aramendia Marzo, M. Rezano, P. Veber, G. Panczer, O. Tillement, K. Leddoux, V. Bonneterre, M. Catinon, G. Alombert, J. Cauzid, R. 
Chapoulie, J. Charles, A. Detappe,, B. Franko, C. P. Lienmann, F. Lux, J. Martín-Chivelet, N. Pinel, S. Roux, A.M. Sfarghiu, F. Surma, L. Sorbier, Manuel Munoz, 
Alexandre Curgerone,  etc…

D. DevismesC DujardinS Hermelin

B. Busser L. Sancey F. Pelascini

L. Duponchel C Fabre

Team SpectroBio

Vincent, César, Lana, Jordan, Nicolas, Adrian, Sarah & Clothilde
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Thanks for your attention!


	Diapositive numéro 1
	Laser-Induced Breakdown Spectroscopy (LIBS)
	Diapositive numéro 3
	Diapositive numéro 4
	Diapositive numéro 5
	Diapositive numéro 6
	LIBS imaging
	Diapositive numéro 8
	Diapositive numéro 9
	Diapositive numéro 10
	Diapositive numéro 11
	Issues with Data Processing
	Diapositive numéro 13
	Diapositive numéro 14
	Diapositive numéro 15
	Diapositive numéro 16
	Diapositive numéro 17
	Artificial Neural Network
	Diapositive numéro 19
	Artificial Neural Network
	Artificial Neural Network
	Diapositive numéro 22
	Diapositive numéro 23
	Deep learning in LIBS imaging
	Diapositive numéro 25
	Deep learning in LIBS imaging
	Deep learning in LIBS imaging
	Diapositive numéro 28
	Diapositive numéro 29

