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Introduction:  A laser-induced breakdown spec-

trometer (LIBS) is an elemental analyzer, which irradi-
ates samples with pulsed laser beams to produce plas-
ma plumes and measures spectra of emission from the 
plumes [e.g., 1]. LIBS would be a standard instrument 
for in-situ elemental analysis in landed planetary mis-
sions. LIBS is now being used in the Mars Science 
Laboratory mission for the first time in space (Chem-
Cam) [2].  

ChemCam has a remote LIBS that is able to meas-
ure distant samples from 1.5 to 7 m from the rover. 
Such a remote LIBS, however, is usually large-sized 
and heavy-weighted because it requires a large-
diameter optical system, a focus mechanism, and a 
high-power laser. On the other hand, a short range 
fixed focus LIBS only needs a small-diameter optical 
system and a low-power laser. This makes a LIBS 
small and light, which is easy to load on even small 
rovers.  

A short range fixed focus LIBS, however, has dif-
ficulty in focusing. Since it does not have a focus 
mechanism in an optical system, the LIBS itself has to 
be moved back and forth for focus adjustment by a 
rover. In general, an optical system of short focal 
length has a short depth of field, which makes focus 
adjustment difficult. Even slight difference in the dis-
tance between the LIBS and samples changes laser 
irradiation conditions and plasma’s thermodynamic 
conditions, accompanied by difference in obtained 
spectra. In such a case, it is difficult to predict ele-
mental compositions of samples because even samples 
of the same composition show different LIBS spectra.  

In this study we tested elemental composition pre-
diction of rocks with a short range fixed focus LIBS. 
First, we acquired LIBS spectra with changing the 
distance from the LIBS to the samples and examined 
the effect of LIBS-to-sample distance on spectra. Then, 
prediction of elemental composition with those spectra 
was tested.  

Experiments:  We acquired the LIBS spectra of 
several rocks with the short range fixed focus LIBS. 
Then, elemental compositions of the rocks were pre-
dicted using a multivariate analysis method.   

Data acquisition. We prepared fifteen igneous rock 
samples with various elemental compositions (Figure 
1). Each rock was ground into powder to be homoge-
nized, and the powder was compressed into a pellet. 
Their elemental compositions were measured with X-

ray fluorescence (XRF). Their LIBS spectra were ac-
quired with the short range fixed focus LIBS, the focal 
length of which is about 50 mm. The laser pulse ener-
gy is 3 mJ. The wavelength range and wavelength res-
olution of the spectrometer are 350 to 800 nm and 1 
nm, respectively. The samples were set around focus 
position (46 to 53 mm from the LIBS with a 1-mm 
interval), and spectra were acquired at each sample 
position. Thirty spectra were accumulated in each 
spectra acquisition. All spectra were acquired under 
atmospheric pressure. Since some emission lines were 
saturated at near the focus position, the spectra that 
include those emission lines were not used for the ele-
mental composition prediction.  

Elemental composition prediction. We analyzed 
the LIBS spectra with partial least squares regression 
(PLSR), one of the multivariate analysis methods, to 
predict the elemental compositions of the samples. In 
this method the information that has high correlation 
with elemental abundances is extracted from the spec-
tra, and a regression model is constructed with it. 
PLSR has been shown to remove the influence of ma-
trix effects on spectra [3, 4]. PLSR is expected to re-
move also the effect of LIBS-to-sample distance on 
spectra.  

In this study, first, one spectrum was regarded as 
unknown sample data, and the other spectral data were 
regarded as known sample data, which were used to 
construct the regression model. Then, the elemental 
composition of the “unknown sample” was predicted 
using the regression model. This procedure is repeated 
for all spectral data, and the elemental compositions 
for all spectral data were predicted.  

Results:  First, we show the effect of LIBS-to-
sample distance on spectra (Figure 2). It is obvious 

 
Figure 1: Fifteen samples used in this study are plotted on a 
TAS diagram.  
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that the intensity of emission lines is different for dif-
ferent LIBS-to-sample distance even though the sam-
ple is the same. It is interesting that the intensity of 
emission lines for elements contained in the rocks, 
such as Fe, Mg, Ca, Al, and Na, is stronger when the 
samples are at the out-of-focus position. Those emis-
sion lines become weak when the samples are on the 
focus position, and the emission lines of heated atmos-
pheric elements, such as N, O, and H, are prominent 
instead. These spectral changes suggest that we are not 
able to predict the elemental composition well with a 
typical calibration curve method that uses the relation 
between the intensity of emission lines and the ele-
mental abundances.   

Figure 3 shows the results of elemental composi-
tion prediction with PLSR. These results show that the 
elemental compositions of major elements in rocks are 
well predicted within the errors of a few weight per-
cent for most of the spectral data although the data 
were acquired at different LIBS-to-sample distance. 
The relative prediction errors for SiO2, Fe2O3, Na2O, 
and K2O are particularly small for all the data points. 
Some data points have larger errors, which may be due 
to the small number of the samples (only fifteen sam-
ples were prepared). If more samples were used as the 
reference samples for the regression model, prediction 
precision would be much more improved.  

Summary:  We tested elemental composition pre-
diction for igneous rocks using the short range fixed 

focus LIBS with LIBS-to-sample distance changed 
around the focus position.  The results show that pre-
diction precision is less than a few weight percent for 
most of the acquired spectral data when PLSR is used. 
This indicates that we are able to predict elemental 
composition even though samples are at out-of-focus 
position as long as plasma breakdown by laser irradia-
tion occurs. Thus, a fine focus-adjustment mechanism 
is not required, which helps a LIBS system to be small 
and light.  
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Figure 3: PLSR-predicted abundances of major elements are 
plotted against XRF-measured abundances.   

 

 
Figure 2: Example of spectra acquired at different LIBS-to-
sample distance (46, 50, 51, and 53 mm) for the same sample 
(tholeiitic basalt).   
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