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ABSTRACT 
 
 
 

Hyperspectral remote sensing offers narrow bands which provide immense potential to 

improve quantitative retrieval of geophysical or biochemical information of earth features. In 

order to utilize the potential of hyperspectral data, spectral library is a prerequisite. Spectral 

signatures collected in various researches studies even if archived remain unavailable for others 

researchers. Moreover, spectral libraries are developed using costly proprietary software tools.   

Therefore, development of a web-assessible spectral data archive using free and open source 

softwares (FOSS) is necessary. Spectral library is a collection of spectral signatures of targets 

using spectroradiometers.  

This study focuses on development of a web-enabled spectral library architecture for 

online spectral archiving, cataloguing metadata information, spectral tools development and 

visualization of archived spectra. The developed tool is named as “SpecVizPro” denotes 

Spectral Data Archival, Visualization and Analysis Environment. SpecVizPro is a three tier 

architecture in which database layer handles the storage of spectral data and metadata 

information, application layer handles the communication of spectral database to web interface, 

internet layer handles the client user input to the web interface. Various combination of open 

source programming languages such as cascading style sheets (CSS) for style the web pages, 

hypertext markup language (HTML) for structured web pages creation, javascript for standard 

interface creation to client users, jQuery for handling events and perform animations was 

implemented. PostGreSQL, a relational database system, was used as spectral database for 

storing spectral data and metadata information. SpecVizPro provides utilities for analysis of 

archived spectra such as averaging, resampling, spectral matching, calculation of red-edge and 

a range of others spectral indices. SpecVizPro is developed at low cost, and is easily 

customizable in nature. The developed architecture can be used for spectral data administration, 

and stored spectra may serve as a reference database for characterization of earth surface 

targets.  

 

Keywords: Spectral Library, RDBMS, Metadata, Spectral Signatures, FOSS. 
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 CHAPTER-1  

INTRODUCTION 

 

1.1 General Introduction 

Hyperspectral remote sensing is one of the advance technology which began in early 1980s, 

and is one of the most significant breakthroughs in remote sensing. Hyperspectral data provides 

spectral reflectance in many relatively narrow contiguous spectral bands through the ultraviolet, 

visible and infrared portions of the electromagnetic spectrum. The narrow band in which radiance is 

measured combined with the high number of bands allows detection of minute variations in the 

spectral signatures. Collection of spectral signatures of various earth features using 

spectroradiometer is essential for the pre-processing, analysis and interpretation of hyperspectral 

images. Spectral signatures are usually compiled in so called spectral libraries. 

The spectral library is a collection of reflectance from the target object recorded using 

radiometers (Dey, 2009).With the advent of new generation sensors, the importance and use of 

reflectance spectra in remote sensing has increasing fold. In order to utilize the full potential of 

hyperspectral data, spectral library is a prerequisite. Developing a spectral library keys to improve 

our capacity to utilize the full mapping potential from data provided by airborne and advanced space 

- borne hyperspectral images (Zomer et al., 2008). Although spectral data library deals largely with 

spectral reflectance data from different species across multiple sectors, it seems to be applicable to a 

range of taxonomy. It provides flexible ways to input spectral data from a variety of equipment 

manufacturers, process these data, extract variables and produce quality research outputs.  

Efforts are needed to develop a flexible and integrated work-flow for working with spectral 

data. It should include functions that take advantages of new data classes to work seamlessly from 

importing raw data to visualization and analysis. The graphic user interface of library aids in 

viewing all information related to spectral data names. The library should serve standardization of 

the techniques for spectral library comparison by the users and the others can post queries about the 

data. 

Spectroradiometers provides large numbers of spectral signatures, which for common users 

is difficult to analyse and use the data. It is therefore essential to have simple user oriented software 

tools to handle, store and interrupt this large volume of data (Landgrebe, 1997). Sufficient number 

of samples should be collected to ensure successful statistical analyses of hyperspectral data. It is 

necessary, therefore, to collect a large number of spectral data files, each containing a hyperspectral 

spectrum. The development of spectral libraries using commercial softwares is costly and difficult to 
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update. Therefore there is need to develop spectral libraries using free and open sources 

technologies (FOSS). 

 

The majority of the publicly available spectral libraries are distributed as physical files and 

has drawbacks such as low flexibility, low query performance (Bojinski et al., 2003) and restriction 

in the number of spectra per class. In many cases, only one reference spectrum is supplied. The time 

and effort that is spent in collecting spectral data, combined with the characteristically large number 

of files, makes it clear that spectral data should be well organized. Otherwise valuable data can be 

lost or loses its value because of missing metadata. A relational database management system 

(DBMS) should be used to store the spectral data which will help in reducing the data redundancy 

and organization and management of the spectral data.  

Hyperspectral datasets are more complex than previous multispectral data and different 

approaches for data handling and information extraction are needed (Vane and Goetz, 1988; 

Landgrebe, 1997). Various spectral data analysis techniques are there. For example: averaging, 

resampling, calculation of derivative spectra and vegetation indices which are need to be provided to 

the users for online analysis of spectral data. We present here a possible solution for the efficient 

storage and processing of field spectroradiometer data through online application. The system has 

been successfully implemented using field spectrometry data collected at Indian Institute of Remote 

Sensing, Dehradun. 

 

1.2 Problem Statement and Motivation 

For a range of hyperspectral data applications field spectra are collected by the researchers 

from variety of disciplines (e.g., forestry, agriculture, geology etc.), but they are not able to archive 

the collected data at a common place resulting into unavailability of data to others interested 

groups. The data collected by various instruments comes with various formats which are difficult to 

handle hence required to be archived in a common compatible data formats. Regular archival of 

spectra collected for different feature types provides opportunity to study their spectral behaviors 

over temporal scale. Using web-enable application, it is easy to share data amid wide user groups 

and enriching the library with the data from other interested groups. Maintaining of spectral 

database in commercial source is costlier and difficult to update instead spectral library developed 

using open source technologies it is easier to customization in the spectral libraries in the future.  

To address these issues, following research objectives were formulated.  

 

 

 



Developing web-enabled spectral library architecture using free and 

open source software (FOSS) 

   

3 

 

1.3 Research Objectives 

 The aim of this study is to build a web-accessible spectral data archival, visualization and 

analysis environment using free and open source softwares (FOSS). The specific objectives are as 

follows: 

(1) To develop a web-enabled spectral library architecture using FOSS.  

(2) To develop spectral tools for analysis and visualization of archived spectra.  

(3) To provide tools for cataloguing of metadata of the archived spectra.   

 

1.4 Research Questions 

(1) What is the feasibility of FOSS for development of spectral data storage, analysis and 

visualization in web environment?  

(2) What should be the metadata for spectra data cataloguing? 

 

1. 5 Structure of the thesis 

The entire content of the thesis has been divided into following chapters: 

1. Introduction: The thesis starts with a synoptic view on the general introduction, 

including the problem statement and aim of the study. 

2. Review of literature: This chapter includes the review of available literatures related 

with hyperspectral data, types of sensors, open source software, spectral libraries and spectral 

databases. 

3. Materials and methods: This chapter elucidates the materials and methods used in the 

study to achieve the desired objectives and results. 

4. Results: The chapter deals with the spectral library architecture and all the outcomes of 

the results of the study. 

5. Discussions and conclusions: In this chapter all the major findings of the present study 

are discussed and conclusion was drawn upon the results. 
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CHAPTER-2 

LITERATURE REVIEW 

 

2.1 Hyperspectral Remote Sensing 

Spectroscopy in the field of optical remote sensing, deals with the spectrum of sunlight that is 

scattered by materials at the Earth’s surface.  Hyper spectral image looks very much like a spectrum, 

measured in a spectroscopy laboratory and provide much more information about the surface than a 

multi spectral image. Hyper spectral imaging sensors measure reflected radiation in narrow and 

contiguous spectral bands. In hyperspectral remote sensing, images can be acquired throughout the 

visible, near-IR, and thermal IR portions of the electromagnetic spectrum. Hyperspectral images are 

produced by instruments called imaging spectrometers.  

The development of hyperspectral sensors has involved the convergence of distinct 

technologies such as spectroscopy and the remote imaging of earth. Instruments called spectrometers 

or spectroradiometers are used to make ground-based or laboratory measurements of the light reflected 

from a test material. An optical dispersing element in the spectrometer splits light into many narrow, 

adjacent wavelength bands and the energy in each band is measured by a separate detector. 

Spectrometers can make spectral measurements of bands as narrow as 0.01 mm over a wide 

wavelength range by using hundreds or even thousands of detectors.  

 

2.2 Hyperspectral Remote Sensing Sensors 

There are many ground-based and airborne hyperspectral sensors are available, of which very 

few space-borne hyperspectral Imaging sensors are in orbit.  Hyperspectral sensors are enabled for the 

generation of remotely sensed laboratory spectra of various earth surface materials such as soils, 

plants, rocks, water, snow and ice. Table 2.1 and 2.2 shows the list of both types of hyperspectral 

sensors i.e. airborne and space-borne hyper spectral sensors.  
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Table 2.1: Airborne hyperspectral imaging sensors 

 

Sensor 

 

Spectral range 

(nm) 

 

No. of bands 

 

Bandwidth 

(nm) 

 

Spatial 

resolution (m) 

CASI 400-800 288 1.8 20m 

AVIRIS 400-2450 224 9.6 20 m 

HYDICE 400-2500 210 10.2 3 m 

 

Table 2.2: Spaceborne hyperspectral imaging sensors 

 

Sensor 

 

Spectral 

range(nm) 

 

No. of 

bands 

 

Bandwidth 

(nm) 

 

Spatial 

resolution 

HIS- Hyper Spectral Imager  400-2500 384 5 30 m 

HIRIS-High Resolution 

Imaging Spectrometer  

400-2500 192 10 30 m 

CHRIS (compact High 

resolution Imaging 

Spectrometer on PROBA)  

415-1050 19 10 20 m 

Hyperion on EO-1  400-2500 220 10 30 m 

HySI on IMS-1  400-950  64 <15 500m 

 

2.3 Hyperspectral Data 

 

 Hyperspectral data sets are generally represented as a data cube with spatial information 

collected in the X-Y plane and spectral information represented in the Z-direction. These data sets are 

composed of about 100- 200 narrow and contiguous wavelength bands at bandwidths of about 5 to 10 

nm. The spectra for a single pixel in these data appear like a laboratory quality spectra that can be used 

for understanding the spectral characteristics of the material. Due to the ample spectral information 
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provided by hyperspectral data it is easy to identify and distinguish spectrally similar materials on 

earth surface. 

 

 

Fig 2.1 Hyper spectral remote sensing process. 

 

2.3.1 Distinguish from Multispectral Data 

Hyperspectral imaging commonly referred to as spectral imaging or spectral analysis. 

Hyperspectral imaging is related to multispectral imaging based on number of bands or on the 

measurement type and also depends on the appropriate purpose. Multispectral sensors generate three 

to six spectral bands of data from visible to NIR of the Electro-Magnetic Spectrum (EMS) region at 

single observation (Jensen, 2007). Hyperspectral sensors produce hundreds of bands of information in 

a single collection from visible to short wave infrared (SWIR) region of the Electro-Magnetic 

Spectrum (EMS) (Jensen, 2007). 

The main factor that distinguishes hyperspectral imagery from multispectral imagery is the 

spatial resolution of number of bands (Barry et al., 2001). Hyperspectral sensors contain bands with 

narrow wavelengths while multispectral sensors contain bands with broad wavelengths. The advantage 

of using hyperspectral data over multispectral data is the ability to define surface features with a 

higher spectral resolution. 

 

2.3.2 Spectral Space Concept 

Hyperspectral data are more complex than previous multispectral data and different 

approaches for data handling and information extraction are needed (Vane and Goetz, 1988; 

Landgrebe, 1997). 

http://en.wikipedia.org/wiki/Spectroscopy
http://en.wikipedia.org/wiki/Multispectral_imaging
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Hyperspectral data can be represented in three principal ways (Hueni, 2006) 

1. Image Space: applies only for imaging spectrometer data and every spectrum has 

spatial location (i.e. data shown as two dimensional raster image) 

2. Spectral Space: the reflectance response per wavelength i.e. the data are shown as 

spectra  

3. Feature Space: vector define points in an N-dimensional space i.e. the data shown 

as vector points. 

Spectral space shows their reflectance values. Fig. 2.2 illustrates the concepts of spectral space 

with example of 3 different spectra. Example shown below as the spectral space was formed by 

defining the reflectance response according to the wavelength range in the calculated spectra. The 

spectral curve of the reflectance values at wavelengths 600 nm and 1000 nm respectively for showing 

the spectral response of three species. 

 

Fig. 2.2 Example of spectral space. 

2.4 Spectral Libraries and Spectral Database  

2.4.1 Spectral Libraries  

Spectral libraries are best described as a collection of representative spectra of a variety of 

materials. As such, they are crucial for identification of unknown spectra and aid the correction and 

classification of remote sensing data by providing end member spectra. Table 3 gives overview of 

spectral libraries developed by different organisations.  

USGS is a public domain spectral library that focuses mainly on laboratory spectra of rocks 

and minerals but includes a few vegetation spectra as well. It contains 498 spectra of different samples 

(i.e. different minerals). As such, mostly only one representative, high quality spectrum is available 

for each material. Technically, the library is one binary file with a record data structure. Each record 
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holds information such as: record number, title, acquisition date, and dataset length, instead of 

reflectance data. Also information included in the record such as instrument used, wavelength range, 

resolution (Clark et al., 1993). Physical file distribution happens in most of the publicly available 

spectral libraries. This has drawbacks such as lesser variability and minimum query performance 

(Bojinski et al., 2003). Other than USGS, there are organisations across the globe are working on the 

development of spectral libraries.  

The Jet Propulsion Laboratory (JPL) spectral library includes spectra of 160 minerals in 

digital form (http://speclib.jpl.nasa.gov/documents/jpl_desc). The ASTER spectral library compiles 

over 2400 spectra of natural and man-made materials, which includes data from three more spectral 

libraries such as Johns Hopkins University (JHU) spectral library, Jet Propulsion Laboratory (JPL) 

spectral library and USGS Spectral library (http://speclib.jpl.nasa.gov/).  

SPECCHIO (Spectral Input/Output), a spectrum database developed in RSL University-

Switzerland to offer ready access of spectral data and modelled data (Bojinski et al., 2003). Spectral 

library for coastal wetland materials across climatic, edaphic and disturbance measures were 

developed and used for identification and classification of vegetation features at different site (Zomer 

et al., 2008). A spectral library consists of 83 species have been developed using near-infrared 

spectroscopy that includes agroforestry crops and 39 manure samples for soil purpose and livestock 

management in tropical agro-ecosystems (Shepherd et al., 2003). Similarly a mid-infrared reflectance 

spectral library of a soil samples for cotton growing regions of eastern Australia is also available 

(Rossel et al., 2008). Top soils library over 1000 from eastern and southern Africa was prepared for 

the assessment and management of risks in soil evolutions in agricultural, environmental and 

engineering applications (Shepherd and Walsh, 2002). 

 Similar to this approach, development of spectral library of major plant species of western 

Himalayas using ground observations. ASD handheld spectroradiometer was used for recording the 

spectra of plant species. The spectral library has developed in .Net programming environment. 

Software tool developed for spectral analysis (Sanghavi et al., 2008). Handheld spectroradiometer has 

used to measure reflectance within a wide range of electromagnetic spectrum at a spectral resolution 

of 1nm. User friendly standalone software was developed for the analysis of reflectance profiles. That 

tool involved java applications to perform various analyses on spectral data in automatic way. 

Metadata  list that should be contained in a spectral library of field data such as: date and time, 

location, cloud cover, sensor instrument, geometry conditions, sensor name, ground height 

measurements and sensor band information, sky conditions, instrument details, viewing geometry, 

http://speclib.jpl.nasa.gov/documents/jpl_desc
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height of sensor above ground and band information.  

Missing metadata can render spectral information useless as the circumstances of the 

capturing event are unknown. Only a complete metadata allows the researcher to gain confidence that 

the spectra are indeed representative for the intended use.  

Table 2.3 Comparison of existing spectral libraries 

Features SPECCHIO USGS 

Spectral 

Library 

ASTER 

Spectral 

Library 

DLR Spectral 

Archive 

Concordia 

Spectrum 

Research 

Library 

Spectral 

Analysis 

Instruments 

Used 

SVC-HR1024 Beckman 

5270, 

ASD 

Spectrometer 

ASD 

Spectroradio-

meter 

ASD 

Spectrophoto- 

meter 

Nil Handheld 

Spectroradiomet

er 

Interface Java and PHP Nil Nil Web Php Java 

Database My SQL Nil Nil My SQL My SQL None 

Input File 

Format 

ASD binary, 

GER, 

Apogee, ENVI 

SLB, OO, ASCII, 

XML, FGI 

HDF5, SPECPR 

ASCII Format ASCII Format 

 

ASD binary, 

ASCII 

Nil ASCII Format 

Output File 

Format 

CSV,ENVI SLB 

XML, Direct 

access from 

Matlab 

ASCII 

Format, 

Image 

Nil Metadata zip 

file Zip file 

containing ASD 

binary files 

Nil Nil 

Available 

Spectra nos. 

80,000 423 

(Minerals), 17 

(Plants) and 

Man-made 

Materials 

160 (Minerals) 2008 Nil Nil 

Development RSL, University 

of Zurich, 

Switzerland 

U.S. Geologic

al 

Survey 

California 

Institute of 

Technology, 

U.S.A. 

DLR, Germany Concordia 

University, 

Canada 

SAC (ISRO),  

India 

 

 

http://www.usgs.gov/
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2.4.2 Spectral Databases 

The spectral library organisation is rarely an issue. Typically, after having collected several 

field spectra’s from different departments, database can be filled with hundreds of spectra’s with 

associated metadata.  

Time and effort spent by the researchers for collecting spectral data combined with the large 

number of files characteristically, makes it sure that the spectral data are in good quality and well 

organized. Otherwise loss of valuable data and their value happens, because of missing metadata. 

Considering the above things, database employed to store spectral data in suitable form. 

SPECCHIO (Bojinski et al., 2003) is one example for such kind of database, it contains 

spectral data ordered with metadata such as location, information about sensors, instrument models, 

land use, geographic position of the land area and target description. Relational database system is 

used to store the data in several tables. Traditionally, spectral reflectance information is not stored in 

database, it is held on a dedicated file server on the internet server-side and metadata information 

linked by the database to the corresponding reflectance file through file path. 

To interact with the system, web based interface is used. The database can be queried to show 

spectral information e.g. date, time, locations, instrument type, sensor bands and land cover. Spectral 

data required by researchers can subsequently downloaded by researchers to their workstations. 

The centralized database approach of the described system facilitates the sharing of field data 

of different studies and ensures the integrity of the data. 

2.5 Spectral Library Online Techniques 

Open source technologies are used to implement the spectral library in online via web 

interface. The following section gives the overview of techniques:  

Java Script (JS) 

Javascript is a multi-paradigm language primarily used in the form of client-side javascript to 

implement web-browser for provide enhanced user interface and dynamic websites. For server-side 

web applications popularity is increased based on the computing virtual machines and platforms built 

upon them. Javascript are user created text-based documents with the file name extension as .js and 

the internet media type as application / javascript, text / javascript. Implement as a part of interpreted 

language, just in time compilation performed by web browsers. 
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Java Server Pages (JSP) 

 Java Server Pages (JSP) technology used to create web application and processing user 

request from client side and construct a response from the server side. Importing and retrieval of 

spectral files from database as text document mode and display results of spectral chart in jpeg mode. 

For deploying and running of jsp pages in the web environment Apache Tomcat server is used.  

Jquery 

Jquery is used to simplify the client-side scripting of HTML to keep the code simple and 

concise for query reusable in environment. In application side, navigation of documents from one page 

to another, event handling of elements, animation and to create plugins on top of javascript library. It 

enables in modular approach, for creation of powerful applications and dynamic web pages.  

 

Apache Tomcat Server 

Apache Tomcat is an open source web server developed by the Apache Software Foundation 

(ASF), for implementing java server pages in the run environment and it provides a pure Java HTTP 

web server for java codes run in. Apache Tomcat is cross platform based and runs in a single operating 

system. Every request from the server is processed as a separate thread in the HTTP environment and 

tries to manage the session across the networks. 

 

Cascading Style Sheets 

 Cascading Style sheets is used to describe the presentation semantics of a document and to 

style the web pages written in HTML. For separation of a document from content to presentation, 

elements such as layout, colors and fonts are used. Because of this separation, content accessibility 

provides more flexibility and control in presentation characteristics to enable sharing of multiple pages 

and repetition of information in structural is easier. It is a text-based documents denoted with the file 

extension as .css and specially maintained as World Wide Web consortium (W3C). 

 

PostGreSQL 

PostGreSQL is an object relational database management system developed by PostGreSQL 

developmental group to store data and retrieve it later as requested from other software applications 

such as JSP, .Net, PHP etc., Spectral database storage of information created in PostGreSQL to handle 

workloads from single machine to large number of users in internet facing applications. 

Complex SQL queries created by the programmer with many indexing methods for tools and 

application development. 
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JFreechart 

  JFreechart is a free open source framework developed by object refinery limited in 

collaboration with the community for developing publication quality charts. JFreechart supports a 

number of varieties of charts, values of fields are passed as XY plots and chart libraries are installed in 

the server root option in internet server-side. It draws automatically scales and legends and store the 

image as .jpg /.png according to the user defined formats in the system predefined location. 

 

2.6 Spectral Database Concepts 

In the field of spectroscopy, any spectral library should have the following characteristics 

(Hueni et al., 2009). 

 

Logical relations and consistency 

Relation establishment between spectral data and spectral information allows the query to 

implicit common attributes of spectra. Each and every spectrum dataset stored in the spectral database 

is clearly described with prescribed standards for ease access of information via web interface. While 

doing this for preserving data quality and redundancy in the database. 

 

Intuitive interfaces 

Ease access of spectral information and handling spectral files are a primary goal. Without 

prior knowledge, user interaction among database allowed by the web and command line interfaces. 

New data entry in the database may require user instruction and it is providing in online. 

 

Flexibility to changes in science context 

Metadata is the information regarding spectral data in which aspects the spectrum is 

measured. Attributes or columns in the table are labels for metadata. The set of attributes in the 

spectral database acts as a metadata information to provide a sound knowledge of spectral data 

description. If required more information than new attributes are added easily. 

 

File format independency 

Frequent change of spectral data formats and variety of instruments calls maximum flexibility 

of input and output of spectral data in spectral library. With respect to that, the created input- output 

interfaces have to be changeable with respect to new data formats. 
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Scalability 

The spectral data storage in spectral library is limited only by disk size and access of 

information is limited by the networking environment. File and database server separation guarantees 

high flexibility among upload and download of spectral data. 
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CHAPTER-3 

MATERIALS AND METHODS 

 

3.1 System Specifications 

The minimum hardware & software requirements for installation of this proposed research as 

described in the section 3.1.1 and 3.1.2.  

 

3.1.1 Hardware Mandates 

 Processor           :    Intel Pentium IV 

 Mother Board    :    865 internal mother board 

 Memory             :    512 MB RAM          

 Hard Disk          :    80  GB Hard Disk Drive 

3.1.2 Programming Softwares 

 Operating System         :          Windows XP Professional 

 Front End Package        :          JSP Environment 

 Back End Package        :           PostGreSQL 9.3 

 Web Server                 :           Apache Tomcat 7.0 

 Web Browser              :            Internet Explorer, Mozilla Firefox, Google Chrome 

 Other Tools                :            Javascript, JQuery, CSS, HTML 

3.2 Field Spectra 

The development of SpecVizPro has been implemented using field spectra collected at Indian 

Institute of Remote Sensing. The spectra have been collected using SVC HR-1024 and FieldSpecPro4 

spectroradiometer. SVC HR-1024 records spectra from 350-2500nm and samples at intervals of 1.5nm 

for the region 350-1000 nm, 3.5 nm for the region 1000-1900 nm and 2.4 nm for the region 1900-2500 

nm. The instrument data consists of 26 lines of field information and 4 columns of data such as 

wavelength, radiance, target and reflectance. The two columns of data are stored into the database for 

performing analysis operations and visualization purposes.  

FieldSpecPro4 records spectra from 350-2500 nm and samples at intervals of 1.4 nm for the 

region 350-1000 nm and 2 nm for the region 1000-2500 nm. FieldSpecPro4 collected data is 

transformed to binary file format through ViewSpecPro Software tool connected with the GUI for 

transferring file from original format to store it into the database. 
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3.3 Data Formats 

A number of file formats are exists for spectral data types, each of which applied to certain 

fields of application. The data format specific ways of organizing data and descriptive metadata in the 

file structure. Some of the examples are ENVI spectral library, ASCII, CSV, binary, .ASD file etc.   

SpecVizPro supports the columnar ASCII formats in the current version. Fig. 3.1 depicts the 

import of data from two different spectroradioemters data formats used in the study. SpecVizPro offers 

programs written in the Javascript - Java Servlet Pages JSP that allow for the formula appliance of 

spectral data for analysis and data retrieval from spectral collections. 

 

 

Fig. 3.1 Spectral instrument data formats. 

 

3.4 Methods 

This section provides an overview of the methodology adopted in this research, and depicted 

below in Fig. 3.2. A broad division of the workflow into baseline architecture used for this 

construction, database creation, database model, system architecture, data management, processing 

concept, database implementations are follows. 
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Fig. 3.2 Adopted methodology for proposed research. 

3.4.1 Three-Tier Architectural Approach 

Three-tier architecture is a client–server architecture in which the user interface (client 

side), functional process logic (application logic), data storage and access (database logic) are used for 

development of SpecVizPro web Application.  SpecVizPro architecture is intended to allow any of the 

three tiers to be upgraded or replaced technologies independently in response to changes in 

requirements or technology. For example, operating system in application layer would only affect the 

interface code.  

The SpecVizPro architecture comprises:  

 Database Layer 

 Application Layer  

 Internet Layer 

Database Layer 

The database layer handles the spectral data and metadata information, which includes the data 

persistence mechanisms such as data storage and data sharing. It provide an Application Programming 

http://en.wikipedia.org/wiki/User_interface
http://en.wikipedia.org/wiki/Business_logic_layer
http://en.wikipedia.org/wiki/Computer_data_storage
http://en.wikipedia.org/wiki/Data_access
http://en.wikipedia.org/wiki/Technology
http://en.wikipedia.org/wiki/Application_programming_interface
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Interface (API) to the application layer to show analysis operations and managing the stored data 

without changing data on the data storage mechanisms. Avoiding dependencies on the storage 

mechanisms allows for updating and changing spectral data on the analysis result without being 

affected by or even aware of the change. 

 

Application Layer 

The application layer handles the communication of spectral database to web interface 

environment, where coordinates the analysis operations, processes user input commands, makes 

logical operation on the database server and visualize the result for the client side. The data moves 

and processes from the surrounding layers (database and internet). 

 

Internet Layer 

 The internet layer handles the client-user input to the web interface via web server. The 

Internet layer displays information related to library services such as available data, metadata 

information, analysis results and chart visualization of spectral data. It communicates with other 

two layers by which it puts out the results to the browser/client tier and all other tiers in the 

network.  

 

3.4.2 Relational Database Management System 

Relational database is a database to store data and information according to how it is related. 

Data stored in the database controlled, organized, modified and processing of information according 

to the database design. Besides the relational database model, hierarchical model and network model 

is used for storing data. Hierarchical model is suitable for creating spectral database application, it 

organizes the data in a tree like structure. 

 

           

        1
st
 order relationship 

 

 

            

  

 2
nd

 order relationship  

 

 

  

Fig. 3.3 Hierarchical data model structure.                                                                                                               

Time Location 

Objects 

Date 

Objects Information 

http://en.wikipedia.org/wiki/Application_programming_interface
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The structure allows representing spectral data information using parent- child relationships 

in 1st order entity (i.e. each parent can have many children, but each child has only one parent that 

also known as a one-to-many relationship). In 2nd order relationship representing data using 

person-circumstances (i.e. each person holds multiple addresses such as home address, office 

address etc., also known as a many-to-one relationship). 

 

3.4.2.1 Hierarchical Data as Relational Tables 

Spectral Data information stores data in the database as rows and columns. Each species 

information should be stored as separate row in a table. The species data are stored as multiple tables 

in the database. The relational database design specifies that the records in a table have no specific 

order for storing information it specifies the corresponding record from relation tables having primary 

key as a single attribute in both the tables. Primary key as a constraint to define the attribute columns 

for each record from different tables in a single database. Species data in one table and species 

information in another table requires id as a primary key constraint.  

Applications from the web interface access data by specifying queries, which use operations 

such as select to identify attributes and records, join to combine relations from spectral data to spectral 

information for visualization of data from multiple tables. New records can be inserted into the 

database from web interface through insert operation. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.4 Relational database design and primary key acts as constraint. 

3.5 Structuring Metadata 

The spectroradiometer data imported in the spectral database catalogued into table information 

in the spectral database. To do importing of spectral data into the database the spectral information 

provided are stored as row information in a table for each instrument data. The species stored 

according to the material disciplines for ease of access information in the web interface. The database 
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tables are linked through common field containing primary key with one to many and many to one 

relationship.  

The data arrangement in the spectral database according to the species captured data are as 

follows. 

1.  Date of the species captured 

2.  Time of the spectral readings 

3.  Place at the species data taken 

4.  Species general information 

5.  Geographic information such as latitude and longitude 

The metadata variables will implement in the SpecVizPro system are based on the publications 

Bojinski et al. (2003) and Pfitzner et al. (2005, 2006). Metadata structure and their data type as already 

implemented in the data modeling. Data types are numeric, text for storing the user input information 

into the spectral database (Hueni et al., 2006). The column lists in the spectral database derives the 

possibility for automated retrieval or calculation of spectral data source via web interface. 

A sampled object has a spectral attribute and arbitrary non-spectral attributes, the so called 

metadata. The sampling process by the spectroradiometer leads to a discretization of the continuous 

spectral response of the object. Every sampling channel yields a quantitative value which forms a 

component of the output vector. Spectral signatures represent the spectral response of the sampled 

object. An object in spectral space is visualized by plotting the spectral response against the channel 

wavelengths. The curve is then again interpreted as a continuous function. Metadata refers to 

descriptive data about a resource. The resource in spectral data is the spectral response of an object and 

the metadata contains further information about the object and the sampling environment at the time of 

data capture.  

Generally, metadata contains four types of variables: (i) quantitative, (ii) categorical, (iii) 

alphanumeric string and (iv) pictorial. Quantitative variables are gained from measurements of 

quantitative features of the sampled object or the surrounding environment. Examples are: spatial 

position, ambient temperature or capturing time. Categorical variable values are assigned to objects on 

the basis of a priori knowledge (e.g., land cover type, species). Alphanumeric strings are used to hold 

textual descriptions and they do not contain information in a structured way. But these variables can 

help the user in understanding the data. In this variables neither form clusters nor do they group data in 

any organised way. Strings dimensions are searchable via full text search or can be crawled and 

indexed previous to queries. Pictorial variables can hold supplementary information about the sampled 

object or its environment in form of images such as species photograph. These have the potential of 

yielding quantitative or qualitative data if subjected to image analysis. Typically, quantitative variables 

show a high degree of variability while categorical variables concentrate the data into the available 
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classes. The data types abbreviation: C (Categorical), Q (Quantitative), S (String) and P (Pictorial). 

The ‘Autom.’ column lists the possibility of automatic retrieval or calculation: SF (Spectral File) and 

CA (Calculation). 

 

Table 3.1 Metadata variables and their data type on spectrum level. 

Metadata Variable Type Autom. 

Botanical name S  

Vernacular name S  

Phenology S  

Leaf foliage S  

Sensor name S SF 

Number of spectral bands C SF 

Sensor owner S  

FOV(degrees) S  

Cloud cover C  

Captured date S SF 

Captured time S SF 

Land cover / Land use C  

Ambient temperature Q  

Ambient pressure Q  

Instrument data C SF 

Target photograph P  

Table 3.2 lists further metadata that is relevant at campaign level. 

 

 

 

 

 

 

3.6 Spectral Data Analysis 

3.6.1 Data Averaging 

Most often it desired to a number of spectra are collected to represent the spectral signatures of 

object. For example, in the datasets for plant species, for each species ten spectral measurements were 

taken. In data averaging these ten spectra were averaged to represent the spectrum for the object.  

Metadata Variable Type 

Collector Name C 

File path to spectral data on file system  S 

Campaign comments/Description S 
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3.6.2 Data Resampling 

To resample the spectral values, instrumentally provided data is stored as a table in the 

database and it is resampled the spectral values obtained from the user values. It will transform the 

dataset by interpolating the spectrally provided data and line up the exact changes in shifted data.  

 

              
∑   
      
     

  
 

Where 

      =    the current wavelength band i; 

      =    the total number of wavelength bands     

3.6.3 Data Smoothing 

Hyperspectral data acquired by field spectroradiometers exhibit a certain degree of random 

noise. The reduction of this noise is important for spectral analysis. One commonly used operation is 

the convolution. In this technique, a convolution function is moved over the data points and the mid-

point of this moving window is the data point to be smoothed. One of the best known convolution 

functions is the average (Savitzky and Golay, 1964). 

 

The convolution process is described by: 

                   
   

∑   
    
        

 
 

Where 

  
 =     smoothed data point 

  =    convolution coefficient 

     =    original data point 

  =    moving window size (-m…. +m) 

For the average technique, all coefficients are equal to 1 and N is the number of convolution 

coefficients. An advantage of this filter is the ability to calculate smoothed derivative data in one 

operation. 

3.6.4 Continuum Removal 

Continuum Removal (CR) is a normalisation method, this could emphasis the location and 

depth of individual absorption features throwing drawing a curve with the absorption values from 0 to 

1 (Clark & Roush, 1984). This approach aims at quantifying the absorption by materials at a specific 

wavelength assuming that no other material has strong absorption features around this specific 

wavelength (Clark and Roush, 1984). It provides more causal relationships between reflectance 
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features and the corresponding amount of absorbing material. The formula for CR can be given as 

below:  

     
  
   

 

     
  

           (          )
 

   
            
            

 

Where 

                        =   Continuum removal value of band i; 

                         =    Reflectance of band i; 

                    =    Hull value of band i; 

     ,           =    Reflectance of start point and end point in the absorption curve 

    ,             =    Wavelength of start point and end point in the absorption curve 

3.6.5 Red Edge Position 

In Red Edge Position (REP), linear combination of four-point interpolation technique is used 

to find the reflectance at the inflexion point and red edge wavelength. The linear four-point 

interpolation method (Guyot & Baret, 1988) assumes that the reflectance curve at the red edge can be 

simplified to a straight line centered near the midpoint between the reflectance in the NIR at about 780 

nm and the reflectance minimum of the chlorophyll absorption feature at about 670 nm. It uses four 

wavebands (670, 700, 740 and 780 nm) and the REP is determined by using a two-step calculation 

procedure. 

 

(i) Calculation of the reflectance at the inflexion point (Rre): 

      (          )/2 

 Where R is the reflectance. 

 

(ii) Calculation of the red edge wavelength or red edge position (REP): 

           (
         
          

) 

700 and 40 are constants resulting from interpolation in the 700–740 nm interval. 

3.6.6 Derivative Spectra 

Derivative spectra have been widely used in spectroscopy and remote sensing. Reflectance 

spectra may suffer from background signals and albedo effects. In contrast, derivatives were shown to 

be less sensitive to variations of soil background, illumination, and surface albedo (Demetriades-Shah 



Developing web-enabled spectral library architecture using free and 

open source software (FOSS)    

23 
 

et al.1990). A first difference transformation of the reflectance spectrum (FDR) calculates the slope 

values from the reflectance and can be derived from the following equation (Dawson &Curran, 1998).  

The First Derivative Reflectance (FDR) and Second Derivative Reflectance (SDR) were 

calculated according to the Eq.(1) and Eq.(2) 

      
  

  
  

     
     

  
                       (1) 

                                                             
   

    
  

     
        

     

(   )
          (2) 

Where 

                        =  FDR between band j and band j+1, where wavelength equals to i. 

                                   =  SDR between band j and band j+2, where wavelength equals to i. 

   ,       ,       =  Reflectance of band j, j+1, j+2. 

                                =  Difference of wavelength between band j and band j+1. 

3.6.7 Spectral Angle Mapper 

The Spectral Angle Mapper (SAM), an automated method for comparing unknown spectra to 

individual spectra (Kruse et al., 1993a) or a spectral library. It assumes that the data have been reduced 

to apparent reflectance (true reflectance multiplied by some unknown gain factor controlled by 

topography and shadows). In analysis, unknown spectra of materials provided by the user, should be 

compared with all the spectra stored in the database and show the similarity between two spectra by 

calculating the "spectral angle" between them. The spectral value calculation by this algorithm treating 

the spectral data as vectors in a space with dimensionality equal to the number of bands. A simplified 

explanation of this can be given by considering a reference spectrum and an unknown spectrum from 

spectral database. Comparison of spectra takes place in this analysis and it declares the matching 

operation and same file already stored or not for the user verification.  

The SAM algorithm generalizes this geometric interpretation to nb -dimensional space. It 

determines the similarity of an unknown spectrum t to a reference spectrum r, by applying the 

following equation. 

        (
 ⃗      ⃗

‖ ⃗‖    ‖ ⃗‖
) 

Which also can be written as: 

        (
∑   
  
     

 (∑   
   

   )      (∑       
   

   )   
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3.6.8 Vegetation Indices 

 In hyperspectral data, vegetation indices are combinations of surface reflectance at two or 

more wavelengths and it is designed to highlight a particular property of vegetation. It is used for 

deriving the reflectance properties of vegetation features.  

Table 3.3 lists the indices included in SpecVizPro. More description on indices can be seen at 

http://www.exelisvis.com/docs/VegetationIndices.html. 

Table 3.3 Vegetation indices categories and indexes with formulas and range values.  

Indices 

Category 

Index Formula Range 

Value 

 

 

 

 

 

Narrowband 

Greenness 

Red Edge Normalized 

Difference Vegetation Index 
        

(         )

(         )
 

-1 to 1 

Modified Red Edge Simple 

Ratio Index 
       

(         )

(         )
 

0 to 30 

Modified Red Edge 

Normalized Difference 

Vegetation Index 

         
(         )

(                )
 

-1 to 1 

Vogelmann Red Edge Index 1 
     

    
    

 
0 to 20 

Vogelmann Red Edge Index 2 
     

(         )

(         )
 

0 to 20 

Vogelmann Red Edge Index 3 
     

(         )

(         )
 

0 to 20 

 

 

Light Use 

Efficiency 

Photochemical Reflectance 

Index 
    

(         )

(         )
 

-1 to 1 

Structure Insensitive Pigment 

Index 
     

(         )

(         )
 

0 to 2 

 

Canopy 

Nitrogen 

Normalized Difference 

Nitrogen Index 
     

                   
                   

 
0 to 1 

 

Dry or 

Senescent 

Carbon 

Normalized Difference 

Lignin Index 
     

                   
                   

 
0 to 1 

Cellulose Absorption Index                           -3 to <4 

Plant Senescence 

Reflectance Index 

     
         

    
 

-1 to 1 

 

 

 

Leaf Pigments 

Carotenoid Reflectance 

Index 1 

     
 

    
 

 

    
 

0.8 to 1.2 

Carotenoid Reflectance 

Index 2 

     
 

    
 

 

    
 

-1 to 1 

Anthocyanin Reflectance 

Index 1 

     
 

    
 

 

    
 

0 to <3 

Anthocyanin Reflectance 

Index 2 

        ⌊
 

    
 

 

    
⌋ 

-1 to 1 

http://www.exelisvis.com/docs/VegetationIndices.html
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Canopy Water 

Content 

Water Band Index 
    

    
    

 
0 to <15 

Normalized Difference 

Water Index 
     

(          )

(          )
 

0 to <15 

Moisture Stress Index 
    

     
    

 
0 to <0.2 

Normalized Difference 

Infrared Index 
     

(          )

(          )
 

0 to <0.2 
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CHAPTER-4 

RESULTS 

 

4.1 SpecVizPro Architecture 

SpecVizPro provides the input and output interfaces to the file system (see Fig. 4.1). Input file 

formats are the binary files as produced HR-1024 & ASD spectroradiometers. HR-1024 & ASD files 

can be imported into the database for online analysis and data visualization against a study dataset. 

Output can be written in the .txt data format only, and visualization is shown in the web interface for 

user verification of data. 

 

Fig. 4.1 File system interfaces. 

 

The spectral database only stores the raw spectral data. Processing of the spectra was further 

performed at runtime and the results are stored in memory. Once a spectrum is loaded from the 

database it is put through a cascade of operations as shown in Fig. 4.2. The results were saved in a 

separate data structure in memory. These data structures and processing functions are attributes or 

methods respectively of every object of the spectrum class. An instance of the spectrum class offers a 

method that returns the data of a certain stage of processing and will internally execute all preceding 

steps needed for that stage and it allows the easy file export of spectral data. 

The implemented processing steps are: 

  Uploading of instrument data & metadata 

  Data Archival of metadata information 

  Analysis operation handling 

  Visualization of results in web interface 

  Data Retrieval according to user needs 
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The processing information of spectral data, metadata information and formula execution 

analysis operations are read from the database. Geographic information of species is shown as a 

visualization thing according to the user input of geographic coordinates in the user interface. 

 

Fig. 4.2 Spectral data processing operations showing the spectral data storage. 

  

4.2 Spectral Database Model 

This section describes the entities that make up the spectral database model for an overview of 

this model showing all entities and their relations (Fig. 4.3). The spectral database was designed here 

as a relational database and the presented table structure is in third normal form. 

The database was designed primarily to hold research studies spectral data. Therefore, 

database design started with a simple structure that could hold spectral data sorted into in terms of sites 

and species. The presented model was iteratively developed during the study, mainly driven by 

upcoming requirements. 

The desired feature list of a spectral database according to the requirements identified in this 

research is as following way: 

1)   Implements the hierarchical structure used for the field data to store species information, 

site and spectrum data information 

2) Multiple studies: It can hold spectral data of different field or laboratory observations 

3) Reflectance storage: It stores the reflectance data in its original form in the database 

4) Processing parameters: It holds parameters needed for the processing of the data 
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The structuring of the field data had two main influences on the data collection process. 

Firstly, the structure setup before the actual sampling took place, a fact which led to better planned 

sampling campaigns, and secondly, the resulting spectral data files were well ordered and 

automatically loaded into the spectral database. 

The combination of a relational database with associated software for data processing was 

found to be highly efficient while dealing with hyperspectral field spectra from vegetation, soil and 

pasture studies. Typically, the data from a one day of sampling could be loaded as a new study into the 

database. 

 
   

Fig. 4.3 ERD of library, archival, analysis, packages and associated entities. 

Subsequent analysis and availability of results at various stages followed almost 

spontaneously. The fast data processing was allowed the use of the software for the experimental 

analysis of the influence of different pre-processing parameters on the analysis result. For example, 

Hyperion sensor synthesizing and first derivative calculation using Savitzky-Golay coefficients and 

written to a file took just 10 seconds on a Pentium 4 machine. 

4.3 Graphical User Interface  

The graphical user interface (GUI) designed according to the user based needs for comparing 

multiple species on the same window as shown in Fig. 12. User should register themselves for 

accessing the information provided on this website. Access grant permission is provided by the server 

administrator at Indian Institute of Remote Sensing. User can navigate to various options using a 

single-click operation. Analysis can performed on the species data stored in the database and user can 

upload their new species data in the spectral database, analysis operations can be performed and 

download their results. 



Developing web-enabled spectral library architecture using free and 

open source software (FOSS) 

  

29 
 

4.3.1 Homepage 

 

Fig. 4.4 SpecVizPro portal GUI. 

Fig. 4.4 shows the SpecVizPro homepage of the web application. 

 

4.3.2 Spectral Archive  

Fig. 4.5 Spectral data and metadata upload page. 

Fig. 4.5 shows the spectral data importing page, user can import spectral data and meta data 

information in the provided fields and  it will store in the spectral database in an arranged order. 
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4.3.3 Data Download Page 

 

Fig. 4.6 SpecVizPro data retrieval. 

Fig. 4.6 shows the spectral data stored in the database, from this user can navigate to various 

options 

4.3.4 Single Species Visualization  

 

Fig. 4.7 Single species data visualization page. 

Fig. 4.7 shows the spectral visualization of Hyptis suaveolens, from this user can navigate to 

various options 
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4.3.5 Multiple Species Visualization 

 

Fig. 4.8 Multiple species data visualization page. 

Fig. 4.8 show the spectral visualization of Murraya koenighi, Parthenium hysterophorus and 

Hyptis suavalovens, from this user can navigate to various options 

 

4.3.6 Data Smoothing  

 

Fig. 4.9 Data smoothing operation performed on single species. 

Fig. 4.9 show the data smoothing spectral of Ficus religeosa. The data smoothing performed at 

10nm on the selected species. 
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4.3.7 Data Averaging 

 

Fig. 4.10 Data averaging operation performed for single species. 

Fig. 4.10 show the data averaging spectral of Hyptis suavalovens. The data averaging performed at 

10 nm on the selected species. 

 

4.3.8 Data Resampling 

 

Fig. 4.11 In-situ collected Quercus leucotricophora spectrum (1 nm) resampled to Hyperion image derived 

canopy spectra (10 nm) of Quercus leucotricophora.  

Fig. 4.11 show the data resampled spectral of Hyperion oak and Quercus leucotricophora. The data 

resampling performed at 10nm on the two species. 
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4.3.9 Continuum Removal 

 

Fig. 4.12 Continuum removal operation observation for three species. 

Fig. 4.12 show the continuum removed spectral of Murraya koenighi, Parthenium hysterophorus 

and Hyptis suavalovens. The continuum removal performed on the wavelength ranges 450-540, 

550-740 and 1550-1740 of three species.  

4.3.10 First Derivative and Second Derivative 

 

Fig. 4.13 First and Second Derivative operation page. 

Fig. 4.13 show the calculation of first derivative and second derivative of spectra for three species 

(Murraya koenighi, Parthenium hysterophorus and Hyptis suavalovens) in SpecVizPro.  The first 

derivative and second derivative performed at an interval of 5nm. Derivative spectroscopy is a 

useful technique for identifying distinctive absorption bands and is less sensitive to the illumination 

and topographic differences.  
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4.3.11 Spectral Angle Mapper 

 

Fig. 4.14 Spectral Angle Mapper operation page. 

Fig. 4.14 shows the spectral matching of reference spectra stored in the library and target spectra. 

Using spectral angle mapper spectral similarity between the reference and target spectra is 

calculated. The lower spectral angle between them shows the high similarity in spectral signatures.   

4.3.12 Red Edge Indices 

 

Fig. 4.15 Red Edge Indices operation page. 

Fig. 4.15 show how red edge indices can be calculated for the vegetation spectra stored in the 

database.  It shows the red edge inflection point and the red edge wavelength of the species stored 

in the database. Red edge analysis is important for quantification of various biophysical and 

biochemical parameters such as leaf area index, Nitrogen etc.  
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4.3.13 Vegetation Indices 

 

Fig. 4.16 Vegetation Indices operation page. 

Fig. 4.16 show various spectral indices implemented in the liberty can calculated for available 

spectra. In this case for instance, various vegetation spectral indices have been calculated for 

Hyptis suaveolens and Murraya koenighii. This type of analysis can be useful for discrimination of 

spectra, assessing the difference in composition of different pigment types in the leaves etc. 

 

4.4 Testing of Software 

Software Testing is implemented on this web interface with number of users at the same time. 

Analysis execution from web interface for single user it takes 10 seconds to process the data. 

SpecVizPro is tested among different software testing techniques are as follows 

Unit testing in tested to check the internal program logic function in the server working 

properly and that program input produce validation outputs. Unit tests ensure that each and every 

path of application logic performs accurately according to the specifications of the document and 

contains clearly defined inputs and expected results. 

Functional tests are performed to test the functions available as specified by the application 

and technical requirements in section 3.1, system documentation, and data reports. Functional 

testing is centered on the following items: 

 Valid Input             : identified classes of accepting valid inputs. 

 Invalid Input           : identified classes of rejecting invalid inputs. 
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 Functions                : identified functions must be exercised. 

 Output                     : identified classes of application outputs to be displayed 

 Systems                   : invoking interfacing systems 

 

System testing ensures that software systems (database server, operating system) meet the 

requirements or not. It predict the results by testing the configuration of the system. System testing 

tested the process flows, pre-driven links in processes. 

The performance test ensures that the system integration time for producing outputs and 

the time taken by the system for compiling, request response operation handling between the 

system and the client operations to retrieve results. 

Software integration testing for testing the software with two or more integrated software 

components on a single platform to check interface defects e.g., components in a software system 

or one step up software applications at the company level interact without error. 

User acceptance testing is a critical phase of software project and it requires significant 

participation by the end user. Acceptance testing for data synchronization is defined as that 

acknowledgement will be received by the admin and send the authorization link to the client. 
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CHAPTER-5 

                          DISCUSSIONS & CONCLUSION 

5.1 Discussion 

 In this study, SpecVizPro a web-accessible spectral library archival, visualisation and 

analysis environment have been developed. This is the first ever attempt to build a web-enabled 

spectral library using free and open source software. SpecVizPro is developed using open source 

technology. Being web based it is accessible to wider user base. Apart from being web based, the 

FOSS nature of the application makes it available for further enhancement and development by the 

users also.  The application is java based and lightweight in nature hence can be deployed easily in 

any platform. There is no requirement of any client software or plugin at the user end for the 

accessing the functionalities of SpecVizPro. The application is capable of providing spectral data 

storage, analysis, visualization and dissemination using any web browser.  

The design of the application is modular in nature and consists of different modules for 

different functionalities. Spectral archive module allows users to upload the spectral data along the 

metadata and retrieval of available spectral data for research and applications. Visualization 

module which makes the user to see the spectral visualization of the species stored in the database 

along with metadata information. Analysis module allows user to perform analysis on the stored 

data in the database such as averaging, smoothing, resampling, continuum removal, derivative 

spectroscopy, red edge and spectral indices and download the results. It also provide option to 

check the availability of reference spectra in the library through spectral matching while uploading 

the spectra into the library.  

Metadata information for storing spectral data operations was provided by user through 

web interface. User is provided with option to attached detailed metadata information with spectra. 

It is expected the efforts put into development of architecture for web assessible library would go a 

long ways in establishing a comprehensive spectral database through the data exchange from 

different organisations working with spectroradiometer data in the country. 

 

Research Question: What is the feasibility of development of FOSS for spectral data storage, 

analysis and visualization in web environment?  

In this study, an attempt has been made to demonstrate the implementation of FOSS for 

creating a web assessable spectral library architecture i.e. SpecVizPro. Study results show that free 

and open source software such as Java, JSP, JavaScript, PostGreSQL, Jfreechart libraries were  
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effective in building SpecVizPro. FOSS was not only used for creating a web-enabled interface but 

also was useful in creating a relational database storage system for spectra and as well as the  

metadata cataloguing and various spectral analysis tools needed to study the interaction of EMR 

with different feature types.    

 

Research Question: What should be the metadata for spectra data cataloguing? 

 SpecVizPro has adopted an indigenous metadata creation and storage format which is in 

close resemblance with existing international standards such as NSDI. The library provide standard 

data definitions and protocols field data collection for sensor, sensor calibration, spectrum, 

environmental conditions, spatial reference,  timestamp, collector’s details etc.  

 

5.2 Future Scope of Work  

Present study was undertaken as a part of academic work. To further improve the 

functionalities of the library and make it acceptable to user community for data exchange and 

developing comprehensive spatial database, it is proposed to improve the visualisation, spatial 

referencing with geoportals, interoperability,  development of mobile apps for data compilation 

through crowd sourcing is to be implemented in future. The library would be updated with tools 

facilitating interactive graphs, improving the data import and export to various formats and 

improving hotspot information visualization of target spectra in interface via map layers. Attempt 

would be made to involve programming community through online forum for improving the 

functionalities.  

 

5.3 Conclusion 

The present work was attempted considering the long felt need of developing a web 

assessable spectral library which could be used by user community engaged with hyperspectral 

remote sensing based applications. Conventional spectral libraries are standalone, developed using 

costly commercial softwares and do serve as a repository of spectra only. In this study, the 

implementation of online spectral library database was achieved through freely available 

programming softwares with tools important for understanding the spectral behaviors of different 

feature types and developing applications like spectral discrimination of features, identification of 

important absorption bands, assessment of pigment composition of various plant species etc. In 

future the library would be further advanced in its functionalities such as storing the spectra with 

detail metadata, enhancing the visualization and analysis capabilities. 
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