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Introduction: Laser-induced breakdown spectros-

copy (LIBS) is becoming a popular tool for the 
elemental analysis in planetary explorations. 
Qualitative, and even quantitative in some cases, 
elemental analysis is made by measuring spectra of 
emitted light from plasmas generated by laser 
irradiation on target materials [e.g., 1, 2]. Both NASA 
and ESA are planning to use LIBS in future planetary 
explorations such as Mars lander and rover missions 
[e.g., 3, 4, 5, 6]. LIBS has several advantages in 
planetary surface exploration over other elemental 
analysis methods; capability of remote analysis, rapid 
data acquisition, and ability to analyze light elements 
[e.g., 1].  

In general, a quantitative spectra analysis of LIBS 
is based on calibration curve method. However, this 
standard method frequently causes large errors in 
elemental abundance prediction. One reason is that 
emission lines are easily overlapped by other emission 
lines. This is of particular importance in the 
wavelength region where many emission lines exist. 
The other reason is that the intensity of the emission 
line is sometimes poorly-reproducible due to matrix 
effect [e.g., 5]. Instead, partial least squares regression 
(PLS), which is one of the multivariate regression 
methods [e.g., 7], has come to be used as a spectra 
analysis method for LIBS [e.g., 5, 8]. PLS overcomes 
the problems of the standard method and results in 
better prediction precision than the standard method 
[e.g., 5, 8].  

In developing LIBS system it is important to 
understand the dependence of the quality of LIBS 
spectra on the analytical precision when PLS is used as 
an analysis method. Thus, in this study we investigate 
the effect of S/N ratio and wavelength resolution of the 
spectra on the prediction precision of elemental 
abundances.  

Evaluation methods: First, we experimentally 
acquired high-quality LIBS spectra (i.e., high-S/N ratio 
and high-wavelength-resolution spectra) of silicate 
samples. Second, we artificially decreased the spectral 
quality. Third, we predicted the elemental abundances 
of the samples using PLS. Then, we evaluated the 
dependence of spectral quality on the prediction 
precision.  

The experimental system used in this study consists 
of a Nd:YAG laser (Continuum, Surelite I-20AT), a 
spectrometer (Acton, SpectraPro 2750) coupled with 
an ICCD detector (Princeton instruments, PI-MAX), 
optical parts, and a vacuum chamber. Ten silicate 
rocks were used as target materials. Elemental 
abundances of those rocks had been measured 
previously with XRF. Samples set in the vacuum 
chamber were vaporized by pulsed laser beams, and 
plasmas are generated. Then, the emission light from 
the plasmas was introduced into the spectrometer 
through the optical fiber. The laser pulse energy, the 
pulse duration, the beam diameter at the surface of the 
samples, and the irradiation frequency are fixed at 300 
mJ, 5 nsec, ~2 mm, and 5 Hz, respectively. The 
atmosphere in the chamber was 9-mbar CO2 which 
roughly simulates the Martian atmosphere. The 
measured wavelength range is 350 to 550 nm. The 
spectra data acquired during each experimental run 
were accumulated to improve the S/N ratio of the data. 
Figure 1(a) shows a raw spectrum for basalt. Hereafter 
we call the measured raw spectra “nominal spectra”.  

Then, we artificially decreased the spectral quality. 
S/N ratio is decreased by adding random noises on the 
nominal spectra. Wavelength resolution is decreased 
by convolution with a Gaussian (type I) or by binning 
the data of nearby pixels (type II). Figures 1(b) to 1(d) 
shows the examples of low-quality spectra of basalt.  

We used PLS to predict the elemental abundances. 
PLS finds the optimum linear combinations of 
explaining variables (i.e., the signal intensity of each 
channel of the detector of the spectrometer) that 
correlate well with response variables (i.e., the 
elemental abundances of the samples). Then, 
regression is carried out using those chosen linear 
combinations. One of the important differences 
between PLS and the standard method is that PLS uses 
the data of all channels of the detector, while the 
standard calibration curve method uses only those of 
specific channels (i.e., only specific emission lines). 
We conducted calibration (i.e., constructed PLS 
model) using both XRF-measured elemental abun-
dances and LIBS spectra of the samples with cross-
validation method [e.g., 7]. Prediction precision of the 
model can be verified on a validation plot, which 
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shows the PLS-predicted abundances versus XRF-
measured abundances of the samples (Figure 2). We 
constructed PLS models for the various quality spectra 
(i.e., low-quality spectra) to evaluate the effect of 
spectra quality on the prediction precision.  

Results and discussion: We predicted various 
elemental abundances. Here we show the result for Fe 
as an example. Figure 2(a) shows the validation plot of 
Fe abundance in the nominal case. Each point on this 
plot corresponds to each sample. This result indicates 
that the abundance of Fe is predicted with considerable 
accuracy by PLS. The uncertainty is shown to be a few 
percent at most for any samples.  

Figures 2(b) to 2(d) are the validation plot of Fe 
abundance in the low-spectra-quality cases. Figure 2(b) 
shows the result of low-S/N case. These results 
indicate that low-S/N ratio leads to low-prediction 
precision. Each predicted Fe abundance is close to the 
mean value of XRF-measured Fe abundances. Figures 
2(c) and 2(d) show the results in the type-I and type-II 
low-resolution cases, respectively. These results 
indicate that the prediction precision is almost the 
same compared with the nominal case (Figure 2(a)) in 
spite of the fact that emission lines are broadened and 
overlapped in the low-wavelength-resolution spectra. 
Basically this is also true for the major elements other 
than Fe. Note that the standard calibration curve 
method fails to predict elemental abundances in such 
low-wavelength-resolution cases. This is because the 
emission lines of different elements are overlapped, 
and it is difficult to distinguish the specific emission 
line corresponding to each element.  

We conclude that even low-wavelength-resolution 
spectra are sufficient to predict the elemental 
abundances of silicate rocks for major elements in 
silicates when PLS is used. This suggests that a 
spectrometer with a wide slit width, a short focal 
length, and/or a detector with small channel number 
per unit wavelength become available for LIBS to 
predict the abundances of major elements with 
sufficient precision. Consequently, requirements for 
the LIBS system equipped on planetary explores, that 
is, the size, the weight, the required electric power, and 
the amount of data, will be significantly reduced.  
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Figure 1: Spectra of basalt. (a) Nominal spectrum. (b) Low 
S/N spectrum. (c) Type-I low wavelength-resolution 
spectrum. (d) Type-II low wavelength-resolution spectrum. 

Figure 2: Validation plots; (a) nominal spectra, (b) low-S/N 
spectra, (c) type-I low-resolution spectra, and (d) type-II 
low-resolution spectra. Predicted abundances versus 
measured abundances of Fe are shown.  
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