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Abstract 
 
The ability to display and inspect Raman spectra quickly and efficiently is a central part of the 
data analysis process in Raman spectroscopy. In this manuscript, we present Raman Data Search 
and Storage (RDSS), a Java-based program that provides a user-friendly interface for the display 
and examination of Raman spectra. The RDSS allows users to easily visualize and analyze their 
data, facilitating the identification of characteristic peaks and patterns. Additionally, RDSS offers 
advanced search capabilities, enabling users to efficiently search and retrieve specific spectra 
based on various parameters such as peak intensity or wavelength range. Overall, the RDSS 
program is a valuable tool for researchers in the field of Raman spectroscopy, enhancing efficiency 
and aiding in the interpretation of complex spectra. With its intuitive interface and powerful search 
features, RDSS streamlines the process of data exploration and comparison, saving researchers 
valuable time and effort. Whether studying minerals, natural pigments, or other geological 
samples, RDSS software provides a comprehensive solution for analyzing Raman spectra with 
precision and ease. 
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1. Introduction 
 

Raman spectroscopy is quickly be-
coming one of the preferred analytical 
techniques, being used across a wide 
range of application areas, such as 

mineralogy (Nasdala et al., 2004), 
gemology (Bersani and Lottici, 2010), 
planetary geology (Sharma et al., 2003), 
archaeology (Vandenabeele, 2004), con-
servation (Vandenabeele et al., 2007), 
medicine (diagnostics, in vivo) (Hanlon et 
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al., 2000), biomedicine (Popp et al., 2011), 
pharmaceutics (Vankeirsbilck et al., 2002) 
or forensics (Virkler and Lednev, 2010). 

Given the fact that it is very fast, non-
destructive, non-contact, and accurate for 
in-situ detection and characterization, this 
technique has proven extremely useful in 
various fields of materials science. In 
geosciences, the Raman technique is wide-
ly used due to its speed and the fact that it 
allows a first impression of the compounds 
present in the rock sample without the use 
of complex and time-consuming chemical 
analysis or other analytical techniques. For 
example, in gemology, this technique is 
used to discriminate between a genuine 
gemstone and a fake one. Additionally, 
Raman spectroscopy can help find plastics 
and epoxies that got into the sample-
mounting process and caused contami-
nation (Lowry et al., 2009). 

As Raman spectroscopy becomes 
more useful in many areas of materials 
science, more and more Raman spectra for 
mineral species are becoming available. 
Access to certain online databases1 is, 
fortunately, free, while more extended 
databases with automatic search engines 
are commercially available, generally at 
very high prices. Given that, through an 

                                                
1 RRUFF project, http://rruff.info; 

RASMIN, Raman Spectra Database of Minerals 
and Inorganic Materials, 
http://riodb.ibase.aist.go.jp/rasmin/E_index.html; 
Minerals Raman Database, 
http://www.fis.unipr.it/phevix/ramandb.php; 
RDRS, Romanian Database of Raman 
Spectroscopy, http://rdrs.uaic.ro; 
Handbook of Minerals Raman Spectra, 
http://www.ens-lyon.fr/LST/Raman/index.php; 
ColoRaman project, http://web.ct.infn.it/~archeo/; 

online database, it is not possible to carry 
out the identification of spectra, at the 
moment, few programs cover this aspect of 
identification using the whole unknown 
Raman spectrum or Raman bands as 
identifiers and comparing them to the data 
in their own database. 

Peak Finder2 from the ColoRaman 
project (Burrafato et al., 2004) offers a 
search function that uses the wavenumber 
positions of the Raman bands through an 
input method called "seek." Unfortunately, 
this application has no GUI interface and 
can be run only on the Windows platform. 
CrystalSleuth (Laetsch and Downs, 2006) 
is a Windows-based piece of software 
capable of manipulating Raman spectra 
and, also, a great tool in the search for 
unknown spectra using similarity search 
algorithms that reference peak positions 
against spectra from the online RRUFF 
project (Downs, 2006). The manipulation 
of the spectra consists of removing back-
ground noise and cosmic ray events. The 
program also offers the possibility of com-
parisons between more Raman spectra in 
stacking mode. Another application available 
on the internet, called Raman Processing3, 
developed within the MATLAB environ-
ment, offers a wide range of features 

Raman Spectroscopic Library of Natural and 
Synthetic Pigments, 
http://www.chem.ucl.ac.uk/resources/raman/; 
IBeA (Ikerkuntza eta Berrikuntza Analitikoa), 
http://www.ehu.es/udps/database/index1.html; 
WURM project, http://www.wurm.info/ 

2 ColoRaman project with Peak Finder utility, 
http://web.ct.infn.it/~archeo/ 

3 Raman Processing, 
http://cares.wayne.edu/rp/index.html 

 
All accessed on September 2013 
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related to pre-processing, analysis, or even 
classification of the Raman spectra. Apart 
from these great options, however, this 
program does not come with an already-
developed database of Raman references. 
A lot of research papers (Bakker Schut et 
al., 2002; Castanys et al., 2006; Ishikawa 
and Gulick, 2013; Perez-Pueyo et al., 
2004; Reisner et al., 2011; Salimbeni et al., 
2005; Soneira et al., 2002; Vandenabeele, 
2011) have previously dealt with the 
mathematical or statistical methods used to 
figure out Raman spectra. Such studies can 
help research groups get quick, correct, 
and reliable answers. Many of the algo-
rithms are similar, being related to 
artificial intelligence, principal component 
analysis, cluster analysis, and correlation 
coefficients. 

The main problem after acquiring the 
Raman spectra in the laboratory or in the 
field lies in the identification of the 
compound with high speed and precision. 
This is particularly true in the case of 
geological sites where exploration may be 
difficult or dangerous (e.g., remote explo-
ration of the surface of Mars (Wang, 2003) 
or a deep-sea hydrothermal vent on Earth 
(White et al., 2006)). The process becomes 
even more complex when the Raman 
spectrum corresponds to a mixture of 
mineral species. There are, then, a wide 
range of associated issues: the technique 
employed must be usable without limi-
tations, portable, user-friendly, and auto-
mated as much as possible. The search for 
similarities between a raw Raman spec-
trum and a large database may be a tedious 
task, dependent upon user experience. 
Typically, there are two ways to carry out 

the identification process: (i) one consists 
of comparing the whole unknown (raw) 
Raman spectrum with the known standard 
spectra; (ii) the second strategy is based 
upon comparing the wavenumber posi-
tions of the Raman bands of the raw 
spectrum with those from the reference 
library. Problems such as noise or fluo-
rescence are very common, and they 
render the analysis difficult and the search 
procedure uncertain. 

This paper presents a simple, light-
weight, and easy-to-access program for 
fast visualization and identification of 
unknown inorganic compounds. The pro-
gram utilizes a reference library to 
compare Raman bands, ensuring accurate 
identification. This alternative solution 
offers a user-friendly interface and effi-
cient search capabilities, making it a 
valuable tool for researchers and pro-
fessionals in the field. Additionally, RDSS 
provides a cost-effective option compared 
to expensive commercial applications 
while maintaining a high level of accuracy 
and reliability. The Raman spectroscopy 
area offers unique challenges, and this 
software aims to address those challenges 
by providing researchers with the tools 
they need to analyze plain spectroscopic 
data. 

 

2. Raman Data Search and Storage 
overview 

 
The Raman Data Search and Storage 

(RDSS) software is written entirely in the 
Java language and uses the principles of 
the Java Virtual Machine (JVM) intro-
duced by Sun Micro System (Lindholm et 
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al., 2012). Java has the property known as 
"write once, run anywhere (WORA)," with 
the following characteristics: it is a simple, 
object-oriented, distributed, and inter-
preted programming language that offers 
high security, portability, and perfor-
mance, as well as support for multi-
threading. For example, a well-known 
Java-based program in the field of 
geosciences is Jmol/JSmol software 
(Hanson et al., 2013). 

The RDSS application has a well-
organized and optimized layout for visual 
inspection of the specific Raman spectrum, 
and it lets you do certain things at the same 
time (Fig. 1). In terms of interface 
functions, the data are visualized by calling 
a specific dataset from the server (the 
MySQL database) and displaying it as a 
spectrum graph (Fig. 1–a). The Raman 

spectra can be manipulated using the 
mouse in combination with the keyboard. 

The core of the graphic user interface 
consists of two tables that are populated 
with minerals and logically structured into 
columns (Fig. 1–b). A table data filter is 
applied to both tables. The header of each 
table has fields that allow the user to search 
by column of interest, for example, by 
selecting a specific mineral class. The 
search functions enable users to find a 
specific peak value. Using the asterisk 
character (*) as a placeholder for one or 
more unknown peak value(s), the software 
will return the best match(es). The use of 
comparison operators, which, for instance, 
can display values that are greater than a 
desired peak value, can increase this 
usability. Furthermore, users can perform 
searchesbased on a mineral’s name, che- 

 

 
 
Fig. 1 Layout of the main window of the Raman Data Search and Storage (RDSS) application with a data 
entry selected. a) a chart panel where the Raman spectrum is interactively displayed; b) two tables tabbed 
with the data entries; c) specific vibrations with the tentative assignment related to each selected entry; d) 
properties of the Raman spectrum. 
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Fig. 2 An example showcases the various features available in the software for visualizing a) a 
photo of the selected mineral entry and b) the crystal structure. 

 
 
mical formula, or even mineral class. The 
RDSS program also includes tools for tasks 
aimed at basic data representation and 
analysis of the raw Raman spectrum by 
using the open spectrum function. 

Apart from the possibility to search by 
the wavenumber positions of the Raman 
bands, this program provides users with 
the ability to see the specific photo of the 
entry reference (Fig. 2–a), to save the 
Raman spectrum as a PDF file or as an 
image (PNG), or even to copy it to the 
clipboard. Moreover, Jmol (Hanson et al., 
2013) is implemented to show the inter-
active 3D crystal structure of the specific 
mineral entry (Fig. 2–b). 

Figure 3 provides a summary of the 
relationship between the database and the 
various functionalities available in the 
software. Displaying and examining the 
Raman spectra are the core concepts of the 

software, where peak finder and intensity 
assignment tools are provided to analyze 
the spectra. 
 
3. Program description 
 

3.1. Data entries 
The RDSS program has 84 Raman 

entries, which include minerals from 
carbonates (Buzgar and Apopei, 2009), 
sulfates (Buzgar et al., 2009), pyroxenes 
(Buzatu and Buzgar, 2010), amphiboles 
(Apopei and Buzgar, 2010), and other 
mineral classes or groups. 

Data entries called from the web server 
are stored in two tables. Each of them is 
part of a tabbed panel component. The first 
tab, called the “Primary Table,” contains a 
table designed to have the following 
common columns: ID, sample number, 
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Fig. 3 Simplified workflow of the Raman Data Search and Storage (RDSS) program. 
 
 
mineral class, mineral name, chemical for-
mula, main peaks, other peaks, reference, 
external link, and comments. 

The second tab, called the “Secondary 
Table,” contains a table designed to have 
more specific columns for a logical search 
for peaks. The columns are structured as 
follows: mineral name, 200–600 cm-1, 
600–900 cm-1, 900–1200 cm-1, 1200–1500 
cm-1, 1500–2000 cm-1, 2000–3000 cm-1, 
and 3000–4000 cm-1 spectral domain, 
external link, comments, and reference. 
The first and last three columns are linked 
to those of the “Primary Table” for logical 
reasons. The fundamental vibrational 
modes of the covalent chemical bonds in 
the crystal structures (such as SO4, PO4, 
CO3, etc.) determine the Raman spectral 
patterns and the location of the main 
Raman bands, which is the reason for the 
splitting into multiple spectral domains. 

Apart from these structured tables, 
other tables are stored within the database, 

and they contain other types of data, 
namely XY datasets for the Raman spectra, 
vibrations and tentative assignments of 
each mineral species, photos, and crystal 
structures. 

 
3.2 Supported file formats 
The RDSS application can open any 

file with the following extensions: txt, 
rruff, csv, asc, dat, or any XY data format, 
where the data in the first column is 
assumed to be the wavenumber and those 
in the second column designate intensity. 
The RDSS program supports the following 
file format delimiters: (i) tab delimiter; (ii) 
space; (iii) comma; (iv) semicolon; and it 
can even ignore rows that start with "##" 
(as a comments). These delimiters increase 
the possibility of opening spectra that are 
formatted in different ways (this occurs 
when different types of spectroscopic 
instruments and/or standardization are 
used). For example, the files of the RRUFF 
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project contain a two-digit sign (##) for 
each line that includes the name, locality, 
ID, and chemistry of the sample. Propri-
etary file formats are not supported, but 
many of them have the option to export in 
the above-mentioned plain format. 

 
3.3. Plotting and visually exploring 

the Raman spectra 
The RDSS application supports two 

methods for opening raw Raman spectra: 
(i) through the standard “File” menu or (ii) 
by pressing the “Open Spectrum” button 
from the main window. Both of them use 
the File Chooser dialog to browse for the 
desired files. The Raman spectra called 
from the server database and those that are 
opened from the local machine can be 
visually explored in different ways, thus 
providing a series of functionalities. They 
include the zooming and rescaling of the 
Raman spectrum and the dragging, peak-
ing, printing, and showing of the coor-
dinates as the mouse moves over the 
Raman spectrum. A list of the actions that 
can be performed on the Raman spectrum 
is provided in Table 1. 

The chart panel where the Raman 
spectrum is shown has functionalities and 
properties that can be activated through the 

actions of the second-click mouse. The 
right click activates a popup menu (Fig. 1–
d) with the items listed in Table 2. 

 
3.4. Raman Data Search and 

Storage (RDSS) tools 
3.4.1. Analyzing procedure 
This allows users to manually select 

the location of the peaks stored in a peak 
list that is used for comparison with the 
database peak values from the main 
window. Furthermore, an automatic algo-
rithm for the finding of peaks is 
implemented. This is a great time-saving 
tool when it comes to Raman spectra with 
several peaks (Fig. 4). 

When the “Manual” radio button is 
pressed, a panel with the manual search 
function becomes active for the location of 
Raman peaks. After the "Get Peaks" 
checkbox is checked, on the Raman spec-
tra chart panel, a blue crosshair appears, 
and it moves along with the mouse 
crosshair. In other words, it is similar to 
real-time mouse tracing, which helps the 
user obtain the exact peak position. The 
user can also zoom in before obtaining the 
desired peak. 

When the “Automatic” radio button is 
pressed (Fig. 4–a), a panel with the auto- 

 
Tab. 1 Mouse actions that can be performed on the Raman spectrum 

 
Action How to perform it 

Zoom in/out use the scroll wheel up/down 
Zoom in on a desired region use the left mouse button to drag a selection rectangle 
Restore X-axis / Y-axis press the right mouse button and drag the mouse up/down 
Translate X-axis / Y-axis Ctrl + left mouse button and drag the mouse to move the whole 

Raman spectrum 
Get X value hover the mouse on the Raman spectrum to see the specific 

value of the X axis 
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Tab. 2 Functionalities and properties of the Raman spectrum 

 
Item Action 

Copy copy the Raman spectrum (you can paste it in photo editors) 
Save as… save the Raman spectrum in the PNG file format 
Print… print it 
Zoom in > Both Axes zoom in preserving the ratio of both axes 
> Domain Axis zoom in preserving only the intensity ratio 
> Range Axis zoom in preserving only the wavenumber ratio 
Zoom out > Both Axes zoom out preserving the ratio of both axes 
> Domain Axis zoom out preserving only the Intensity ratio 
> Range Axis zoom out preserving only the wavenumber ratio 
Auto Range > Both Axes auto Range both axes 
> Domain Axis auto Range wavenumber axis 
> Range Axis auto Range intensity axis 
Reverse X-axis reverse wavenumber axis 
Help/Shortcuts opens a window with instructions on how to use the mouse for the fast and easy 

control of the Raman spectrum 

 

 
Fig. 4 Automatic peak finder operation used on a high-fluorescence Raman spectrum by setting 
the threshold (b) and gap variables. 

 
 
matic search function becomes active for 
the location of Raman peaks. In this case, 

the algorithm is quite simple: a tangent (a 
line between two adjacent points) is 
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extended to every point of the dataset, after 
which the program looks for changes in the 
sign of the slope of the lines (a simplified 
version of finding zeros in the first 
derivative of a function). To use the 
automatic search function, the user needs 
to fill in two variables before obtaining 
peak values. The first variable is the 
“threshold” (Fig. 4–b). By specifying the 
threshold height, “findpeaks” only returns 
peaks that exceed at least the Y-value of 
the “threshold”. The second variable is the 
"gap." By specifying the gap width, this 
function affects a number of peaks, as the 
density of the peaks is directly correlated 
with this variable. The recommended 
values are between 50 and 300, but, in 
some cases (due to the high density of 
sharp peaks), it is better to play around 
with these two variables. 

Regardless of the method used (manual 
or automatic) to extract the location of the 
peaks, after at least one peak is found, all of 
them appear in a list with the following 
options: delete a single peak, multiple peaks, 
or even all peaks from the list. To compare 
the selected peak(s) from the list with the 
database, press the “Go” button from the 
bottom of the entire panel. 

 

3.4.2. Relative Intensity Assignment 
(RIA) 

This action is performed on both 
baseline-adjusted Raman spectra and 
Raman spectra with high fluorescence. In 
both cases, five levels of intensity assign-
ment are used, as shown in Table 3. 

Baseline-adjusted Raman spectra are 
designed to work with baseline-removed 
spectra. After the "On/Off | Intensity 
Assignment" checkbox is checked, the 
user must check the “Strongest peak” radio 
button, and then extract the strongest peak 
by moving the crosshair and pressing the 
first mouse button on that particular peak. 
Afterwards, the lowest peaks (in terms of 
intensity) can be assigned based on the 
strongest peak, following the same steps 
(Fig. 5). 

High fluorescence Raman spectra, on 
the other hand, are designed to work with 
the Raman spectra that are not baseline-
removed (the spectrum shows a charac-
teristic curvature). After the "On/Off | 
Intensity Assignment" checkbox is 
checked, the user must extract the 
strongest peak in two steps, as follows: (i) 
First, they must identify the highest peak 
from the Raman spectrum and check the  

 
Tab. 3 Steps in the intensity-based assignment of Raman bands 

 
Intensity Assignment 

between 0 – 10% very weak (vw) 
between 10 – 30% weak (w) 
between 30 – 60% medium (m) 
between 60 – 90% strong (s) 
between 90 – 100% very strong (vs) 
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Fig. 5 Raman intensity assignment panel for a baseline-adjusted spectrum and the steps taken in 
the assignment of all peaks in relation to the strongest Raman band. 

 
 
“Min” (which stands for “minimum”) 
radio button, and then extract the minimum 
of the strongest peak by moving the 
crosshair and pressing the first mouse 
button on that minimum. (ii) The second 
step is similar to the first; the difference 
lies in the fact that the user must check the 
“Max” (which stands for “maximum”) 
radio button and then extract the maximum 
of the strongest peak by moving the 
crosshair and pressing the first mouse 
button on the maximum of the peak. For 
the assignment of Peak 1, the procedure is 
similar to that of the extraction of the 
intensity value for the “strongest peak” 
(discussed above). 
 
4. Testing 
 

In order to test the identification fea-
ture, a raw Raman spectrum was acquired. 
A comparative test using the same raw 

dataset was carried out using the 
CrystalSleuth program (Laetsch and 
Downs, 2006), which is a tool derived from 
the RRUFF project (Downs, 2006). The 
test involves a Raman spectrum with few 
spectral bands and high fluorescence (the 
spectrum shows a characteristic curvature). 

Fluorescence is, generally, due to the 
presence of organic material, but it can also 
be observed in inorganic materials, in 
which case it can be attributed to the inad-
equate laser wavelength used, the presence 
of impurities, the ambient temperature, or 
the temperature at the surface of the sam-
ple (if a high-power laser beam is used). 
Fluorescence often causes difficulties 
when using similarity search algorithms, 
which treat the spectrum as a vector. 
Utilizing baseline removal and smoothing 
as part of pre-processing techniques can 
solve the issue. These techniques are,  
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Fig. 6 Running the search algorithm by using the value of the Raman band (a) extracted from the raw Raman 
spectrum as a comparator (b) with the database. The results are filtered, and the corresponding Raman 
spectrum (c) is shown after the desired result row is clicked. 
 
 
however, time-consuming and not rec-
ommended for non-experienced users, 
while the use of this program is fast and 
user-friendly. The user must first search 
for the peaks in the raw Raman spectrum 
by using the analyze tab panel. Two 
options are available for the identification 
of the spectral bands: manual and 
automatic, and they have been discussed 
above (Fig. 4). Instead of using a pre-
processing method, which, as previously 
stated, consists of baseline removal and, 
in some cases, smoothing, on the raw 
Raman spectrum, one can use a simple 
similarity search by peak positions. The 
true value of this piece of software is 
shown when the user wants to search by 
the main peak or by other peaks using the 
green fields from the specific column of 
the primary table (Fig. 6). They can also 

search for peaks between seven spectral 
domains using the same green fields in the 
secondary table tab. 

Using the same raw dataset that was 
found by the CrystalSleuth program 
(Laetsch and Downs, 2006) for a com-
parison test (Fig. 7) shows that the best-
matching results do not agree well with the 
input dataset. Moreover, the search oper-
ation is quite slow (around 30 seconds for 
this dataset). It is worth noting that the 
entire GUI freezes until the search is 
complete. For the RDSS application, the 
search finishes in less than 1 second (almost 
instantly). One must, however, take into 
account that the two programs use different 
strategies for the identification process. For 
both test scenarios, an Inte(R) Core(TM) 
CPU (model i7-2630QM at 2 GHz) with 8 
GB of memory (RAM) was used. 
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Fig. 7 The usage of the CrystalSleuth program (Laetsch and Downs, 2006) for a comparative test purpose. 
In comparison to the input dataset (the Raman spectrum of Quartz), the best-matching results show poor 
agreement (i.e., Amber). 
 
 
Future work 
 

Future work will concentrate on 
populating the reference database with 
new mineral classes. In addition, some 
methods for the pre-processing of the raw 
Raman spectrum need to be implemented 
(e.g., normalization, smoothing, and base-
line removal). In terms of data entries, 
additional information, such as sample 
location, occurrence and association of 
each mineral entry, and optical and phys-
ical properties, is necessary. Moreover, by 
using the same codebase with a limited 
range of RDSS functionalities, this 
application may be extended as a 
JavaScript web application or available for 
mobile, allowing users to access and 
analyze the reference database online. 
Additionally, future work may also 

involve incorporating machine learning 
algorithms to enhance the accuracy and 
efficiency of mineral identification based 
on Raman spectra. 
 
5. Conclusion 
 

Raman Data Search and Storage 
(RDSS) is a powerful Java-based program 
that allows for the display and analysis of 
Raman spectra with high efficiency and 
accuracy. RDSS program serves as a 
fundamental tool for researchers in Raman 
spectroscopy, offering a user-friendly 
interface and robust search features. It 
simplifies the process of identifying un-
known minerals and improves the inves-
tigation of Raman data. Its comprehensive 
functionalities, including peak finding 
algorithms and intensity assignments, offer 
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a holistic solution for researchers grap-
pling with complex spectra. 

The main key features of the RDSS 
include: 
 visualization of Raman spectra with an 

intuitive interface; 
 advanced search functionalities based 

on peak positions and spectral char-
acteristics; 

 manual and automatic peak finding 
algorithms for spectrum analysis; 

 intensity assignment tools for baseline-
adjusted and high-fluorescence spectra. 

 
Availability and requirements 
Project name: Raman Data Search and 
Storage (RDSS) 
Project home page: 
http://www.rdrs.ro/rdss/ 
Operating system(s): Platform 
independent 
Programming language: Java 
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