
23
ème

 Congrès de Chimiométrie, Université de Bretagne Occidentale, Brest, Juin 2022. 

 

Data fusion in LIBS / PIL multimodal imaging: a strategy to facilitate 

spectral interpretation of complex samples 
 

A. Nardecchia
1  

V. Motto-Ros
2 

L. Duponchel
1,* 

1
 Univ. Lille, CNRS, UMR 8516, LASIRE, Laboratoire de Spectroscopie pour Les Interactions, La Réactivité et 

L'Environnement, Lille, F-59000, France, 
2
 Institut Lumière Matière, Université de Lyon, Villeurbanne, 69622, France. 

(*) : ludovic.duponchel@univ-lille.fr 

Keywords: Data fusion, hyperspectral imaging, LIBS, PIL. 

Abstract 

Laser-induced breakdown spectroscopy (LIBS) imaging is nowadays a very powerful 

technique for the elemental analysis of complex samples used in many different scientific fields [1-

7]. This technique uses a pulse laser beam focused on the sample surface to generate a plasma that 

atomizes and excites the ablated matter. As a consequence, the excited atoms, ions and molecules 

release the excess of energy with electronic relaxations, and a characteristic emission spectrum for 

each element present in the matrix can be acquired using an optical microscope coupled with a 

spectrometer. In LIBS imaging, the sample surface is usually explored in a scanning configuration 

mode, acquiring one spectrum at a time for each spatial position of a predefined grid. LIBS 

technique shows many advantages, such as multi-elemental capabilities including light elements 

(<Mg), a high acquisition rate (up to 1000 spectra/s), high sensitivity (ppm and sometimes more), 

high dynamic range (major elements to traces can be observed), and compatibility with optical 

microscopy. In fact, it is now commonplace with LIBS to acquire large hyperspectral data sets 

containing millions of spectra acquired over a limited period of time and representative of a large 

sample area [8,9]. Another important aspect in the LIBS exploration of a sample is the possibility to 

obtain an additional plasma induced luminescence (PIL) [10] response using the same microscope 

(Figure 1).  

 

Figure 1: a) Experimental setup to acquire simultaneously LIBS and PIL spectra. b) Mean LIBS spectrum of 

a sample. c) Corresponding mean PIL spectrum. 



 

 

Indeed, the plasma generated by the LIBS laser shot acts as an excitation source and produces the 

emission of a luminescence response for specific elements present on the sample surface [11]. 

Nevertheless, despite the relative simplicity of acquiring these additional PIL spectra, their 

interpretation remains uncertain [12]. We have at this date a rather limited knowledge on this 

phenomenon of luminescence in complex materials. The wide bandwidths (which can be seen in the 

mean spectrum in figure 1c) but also the low signal-to-noise ratio often observed in PIL make the 

task all the more difficult. The objective of this presentation will be to show that data fusion 

associated with a source separation method (such as MCR-ALS [13]) will facilitate the PIL spectral 

interpretation thanks to the information provided by LIBS. As multivariate curve resolution 

methods do not allow to work directly on several million spectra, this presentation will also be an 

opportunity to introduce an original data compression procedure able to preserve the relevant 

information of the original data set. 
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