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Introduction: The Data Exploration and Visualiza-

tion Analysis of Spectra (DEVAS) website consolidates 

many of the existing publicly-available spectroscopic 
data in one location to build superdatabases for compar-

ative analyses. DEVAS provides data from Mössbauer, 

Raman, laser-induced breakdown spectroscopy (LIBS), 

visible (VNIR) through mid-infrared (FTIR) and x-ray 

absorption (XAS) spectroscopies as well as x-ray dif-

fraction (XRD) on both rocks and minerals (single crys-

tals and powders). The site also provides analysis tools 

for working with spectral data, utilizing state of the art 

methods for baseline removal, preprocessing (normali-

zation, smoothing, etc.), library search/spectrum match-

ing, peak fitting, classification, and PLS prediction 

models. DEVAS has a graphical user interface and pro-

vides the capability to upload user data for comparison 

with DEVAS database spectral libraries. 

Data Types and Sources: The original goal of this 

website was to organize and display data from the Min-

eral Spectroscopy Laboratory at Mount Holyoke and 

other spectra collected by Dyar’s research group. To al-

low comparisons of our data to those from other groups, 

data were mined from publicly-available websites 
shown in Table 1 and re-posted on DEVAS. The site 

also includes XRD patterns generated using single crys-

tal refinement data from the American Mineralogist 

Crystal Structure Database; CrystalDiffract software 

(CrystalMaker Software Ltd.) was used to individually 

input each file and convert it to a diffraction pattern. 

Software: Several different types of tools are avail-

able on the site to support interpretation and processing 

of spectroscopic data. These are written in Python using 

open-source libraries including the machine learning li-

brary scikit-learn [12], which is used to train and test 

predictive models. Source code for the website is avail-

able on GitHub and by request from the first author. 

The current url is nemo.cs.umass.edu:54321, but the 

site will be moved to a permanent home later in 2017; 

consult the second author for further information. 

Baseline Correction Tools: DEVAS includes op-

Table 1. Data Types and Sources on the DEVAS website 

Type Source URL Refs. 

FTIR 

Infrared & Raman Users Group 

(IRUG)  
http://www.irug.org/  

RRUFF, University of Arizona http://rruff.info/ 1,2 

U.S.D.A. http://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm  

U.S. Geological Survey http://speclab.cr.usgs.gov/spectral-lib.html  

Reflectance Experimental Labora-

tory at Brown University (RELAB) 
http://www.planetary.brown.edu/relab/ 3-5 

Bruker Optics ALPHA FT-IR Mount Holyoke College (MHC) data  

LIBS 

Los Alamos National Laboratory 

(LANL) 
http://pds-geosciences.wustl.edu/missions/msl/chemcam.htm 6,7 

Released Mars ChemCam data http://pds-geosciences.wustl.edu/missions/msl/chemcam.htm 6,7 

Mineral Spectroscopy Laboratory Mount Holyoke College (MHC) data 8 

Mössbauer Mineral Spectroscopy Laboratory Mount Holyoke College (MHC) data 8 

Raman 

Infrared & Raman Users Group 

(IRUG)  
http://www.irug.org/  

RRUFF, University of Arizona http://rruff.info/ 1,2 

Bruker BRAVO, Senterra, Multi-

RAM 
Mount Holyoke College (MHC) data 8 

VNIR 
RELAB http://www.planetary.brown.edu/relab/ 3-5 

Corn data http://www.eigenvector.com/data/Corn/).  

XAS 
Fe K absorption edge data on garnet, 
amphibole, olivine, silicate glass 

Data from beamline X26A at the National Synchrotron Light 

Source, Brookhaven, and beamline 13 ID-E (GSECARS) at 

the 7 GeV Advanced Photon Source, Argonne 

9-11 

XRD 

RRUFF, University of Arizona http://rruff.info/ 1,2 

American Mineralogist Crystal 

Structure Database 
http://rruff.geo.arizona.edu/AMS/amcsd.php  
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tions for baseline (continuum) removal from spectra us-

ing several published methods for this process as re-

viewed in [13, 14]. Adjustable parameters can be 

changed using sliders, and the results are shown in real 

time on the plot below. 

Preprocessing Tools: Differences in sample crystal 

orientation, laser polarization, focus, and other instru-

mental parameters sometimes affect peak intensities in 

different types of spectroscopy. DEVAS allows differ-
ent types of nonlinear, monotonic preprocessing  to be 

applied. These include “squashing,” which uses a trans-

formation function f that is applied to each wavelength 

of a spectrum independently to produce a new spectrum 

with compressed/reduced distances between strong and 

weak spectral features. Square root squashing uses f(x) 

= √x, while sigmoid squashing uses f(x) = 1−cos(πx). 

DEVAS also allows multiple options for intensity nor-

malization that scale each wavelength of a spectrum 

based on a statistic of the entire spectrum; choices in-

clude the maximum value (L∞norm), the sum of abso-

lute values (L1 norm), the sum of squared values (L2 

norm), cumulative, norm3, and scaling to intensity at a 

specific energy. Norm3 is a special setting used for 

LIBS data, which are generally collect on three different 

spectrometers that require individual normalization 

within each wavelength range. Each squashing or nor-
malizing preprocessing step preserves the relative or-

dering of intensity values while mitigating the effect of 

peak intensity differences.  

In some cases, posted data have already been pre-

processed in various ways depending on the software 

and hardware used in producing it. Users are refered in 

most cases to the website of origin for various ddata 

types to determine what steps have been undertaken. 

LIBS data from Mars (ChemCam) and Los Alamos 

were preprocessed using a procedure described in [6]. 

LIBS data from MHC were preprocessed using a proce-

dure to a) subtract a dark spectrum from the LIBS spec-

tra to remove any fixed pattern noise or ambient base-

line, b) recalibrate spectra onto a standard wavelength 

axis to account for spectrometer drift due to temperature 

changes, c) remove the Bremsstrahlung continuum to 

obtain a flat baseline, d) correct for the known instru-
ment response function, or gain, and e) correct for ge-

ometry by dividing the photon count by the plasma area, 

collection solid angle, and spectral bin width. 

Spectrum Matching: DEVAS utilizes the proce-

dure described in [15,16], where full-spectrum match-

ing algorithms are shown to exhibit excellent perfor-

mance in classification tasks. The technique uses a 

novel adaptation of the Longest Common Sub-Se-

quence algorithm to compute similarity between spectra 

that was specifically designed for spectroscopic data. 

The chosen WSM algorithm used the generalized match 

score formulation described in [16]: MS(yA, yB)=(1-w) 

yA yB-w|yA-yB|, where w is a blending parameter between 

0 and 1. The overall distance between two spectra is 

computed by summing MS(yA,yB) for all corresponding 

intensities, y, in the pair. 

Peak Fitting: A single spectrum may be selected 

from any dataset, along with the standard baseline cor-

rection and data preprocessing tools. Two peak analysis 

tools are included to fit single or multiple peaks. Manual 

allows the user to input energy ranges (min and max), 

from which the tool does a numeric integration to cal-
culate the total counts in that range. The second tool au-

tomates the fitting procedure using either a Lorentzian 

or Gaussian peak shape. The user specifies an approxi-

mate peak center as well as the sampling resolution on 

the x axis. Here, the peak center defaults to the center of 

the Plot Boundaries range. 

Exploration and Visualization Tools: The Dataset 

Explorer page allows a user to select data, transform it 

using resamples, baseline correction, and preprocessing 

as described above, and then plot it in several different 

ways. It also provides the capability to train partial least 

squares models (PLS), also known as projection to la-

tent structures, as developed for use in situations where 

explanatory variables (p) significantly outnumber ob-

servations (N), such that p >> N. PLS calculates compo-

nents that maximize the covariance between the feature 

and response matrices [17], and is especially well suited 
for problems with many, highly correlated features and 

multiple responses. 

Summary: The DEVAS website selectively consol-

idates data from many sites for Mössbauer, Raman, 

LIBS, XAS, XANES, XRD, and NIR spectroscopy, al-

lowing multiple datasets to be easily compared. Tools 

for analysis are also provided. 
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