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Abstract. The paper points to building of a R&D environment for the image processing of 
astronomical wide plates. Appropriate topics have been generally discussed like common 
environment architecture, scientific background of information storage, software tools for 
results presentation and usable fragments of software program code. 

 
1. INTRODUCTION 

 
The Astroinformatics’ project1 opens a wide range of separate problems in the 

cross border area of mathematics, astronomy, and informatics. The project general 
objective is digital preservation of the great amount of astronomical wide plate 
images collected in the years either in the country or world wide. The preserved 
astronomical images, we call them astro-images, should be well usable via Internet 
in the frames of a Virtual Observatory  (Kounchev et al., 2009). Except the overall 
testing environment this paper discusses also many specific problems of the 
                                                            

1 The present research has been conducted in the frames of Astroinformatics project supported by the 
National Science Fund at Bulgarian Ministry of Education & Science (grant # DO-02-275/2008). 
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intended distributed system for keeping and processing the collected astro-images. 
The structure of Astronomical Database (ADB) for astro-images is considered of 
main interest hereinafter. A specific viewpoint is put on the FITS file format that 
is wide spread for transferring of astro-images among systems and/or end-users 
(CFITSIO, 2009). In this line of thinking we also describe the practical usage of 
input/output software routines to obtain and modify tabular and graphics content 
of ADB. For the project presentation purposes ADB should also have a part for 
geo-referred data for the astronomy observatories around the world. ADB will also 
need the so called AstroWeb subsystem to be designed supporting the project 
specific data/information structures and presenting them in a web environment. 
Another specific problem of ADB is organization of the very large data flows 
between separate work places in distributed computer network of the 
Astroinformatics system we intend.  

In this paper we describe the web-based geoinformation system proposed in the 
frames of the Astroinformatics project, stressing on the testing environment and 
user interfaces. 

 
2. THE TEST ENVIRONMENT DIAGRAM 

 
The main modules of testing environment proposed are shown in Fig. 1 with 

all its items explained as follows.  
• Remote Common Database – still under construction it is designed for 

common usage of all participants of the project. It consists of 3 basic parts (sub-
DBs). Firebird RDBMS – a well known database system, licensed under GPL 
(General Public License) that is already used to support the current WFPD (Wide 
Field Plate Database), to this end – observatory catalogs and pictures of WFP type. 
FITS astro-database – a part of ADB to be designed for keeping WFD astro-
images given in FITS (Flexible Image Transport System) format. Geodatabase – 
consists of geographical data (geo-referred positions) of important objects, to this 
end − the astronomical observatories related to WFPD. 

• Application Server – a high productive computer configuration of 
„server” type intended for astro-images processing. The respective software 
modules will be implemented herein as binary code and be directly managed by a 
web interface. The end-users will obtain definite information services via the 
respective web browser at their work places.  

• Web Server – a high productive computer configuration with an IIS 
(Internet Information Services) or Apache system installed. It will support the web 
access information services exported by the Application Server. 
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Figure 1. The main modules of testing environment. 
 

• Research & Development Workplace – one or many workplaces (local 
or remote ones) designed for development and test of image processing modules. 
Many well known modules in astro-image processing practice will be set up and 
tested. Development of specific (original) modules is also intended by necessity. A 
stress will be given on modules supporting FITS format directly. Each workplace 
is considered to be equipped by a software development environment specific to 
the respective user and/or developer.  
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• Local Test Database – it is a local database for set up and test purposes at 
the application server place. It represents a test subset of the main database to be 
accessed only by the R&D workplaces but not by the user ones. 

• End User Web Interface – it represents a web page delivering an user-
friendly interface to several information services of Astroinformatics specifics. 

 
3. WIELD FIELD PLATE DATABASE – A BRIEF PREVIEW 

 
The Wide-Field Plate Database (WFPDB) (Tsvetkov et al., 2009) contains 

descriptive information for the astronomical wide-field photographic observations 
stored in numerous archives all over the world. It is capable to provide on-line 
access to the data for about more than 2 million of observations from nearly 500 
archives obtained since the end of last century. Presently the WFPDB includes 
data for about 600 000 observations from 300 plate catalogues. 

 

 
Figure 2. Tables from WFPDB. 

 
 
 

TBLARCHIVES

ARCHID INTEGER
OBRID INTEGER
ARCHIDENT CHAR(7)
ARCHORIGINSTRUMENTNAME VARCHAR(128)
ARCHSITE VARCHAR(32)
ARCHCOUNTRY VARCHAR(32)
ARCHCLEARAPERTURE FLOAT
ARCHCLEARAPERTUREMULT SMALLINT
ARCHMIRRORDIAMETER FLOAT
ARCHFOCALLENGTH FLOAT
ARCHSCALE SMALLINT
ARCHINSRUMENTTYPE CHAR(3)
ARCHFIELDSIZE FLOAT
ARCHYEARFROM SMALLINT
ARCHYEARTO SMALLINT
ARCHPF CHAR(2)
ARCHDIRECTPLATES INTEGER
ARCHTYPE CHAR(3)
ARCHSPECTRALPLATES INTEGER
ARCHTYPE1 CHAR(3)
ARCHPLATESWFPDB INTEGER
ARCHQUALITY CHAR(1)
ARCHASTRONOMERNAME VARCHAR(128)
ARCHASTRONOMEREMAIL VARCHAR(128)
ARCHCOPYRIGHT VARCHAR(255)

TBLAVAILABILITY

AVAID INTEGER
MAINID INTEGER
AVATEXT VARCHAR(256)

TBLDIGITIZATION

DIGID INTEGER
MAINID INTEGER
DIGTEXT VARCHAR(256)

TBLIMAGES

MAINID INTEGER
IMGSCAN BLOB SUB_TYPE 0 SEGMENT SIZE 80
IMGPREVIEW BLOB SUB_TYPE 0 SEGMENT SIZE 80

TBLLASTUPDATED

UPDTBLNAME VARCHAR(32)
UPDTIMESTAMP TIMESTAMP

TBLMAINDATA

MAINID INTEGER
ARCHID INTEGER
OBSID INTEGER
MAINIDOBS VARCHAR(3)
MAINIDOBS_UPPERCASE VARCHAR(3)
MAINIDINS SMALLINT
MAINIDSUF1 CHAR(1)
MAINIDNO INTEGER
MAINIDSUF2 CHAR(1)
MAINRAHMS INTEGER
MAINDEDMS INTEGER
MAINCCOD CHAR(1)
MAINDATEUT TIMESTAMP
MAINTCOD CHAR(1)
MAINOBJNAM VARCHAR(20)
MAINOBJNAM_UPPERCASE VARCHAR(20)
MAINOBJTYP CHAR(2)
MAINMETHOD CHAR(2)
MAINMULTEX SMALLINT
MAINEXP FLOAT
MAINEMULS VARCHAR(11)
MAINEMULS_UPPERCASE VARCHAR(11)
MAINFILTER VARCHAR(7)
MAINFILTER_UPPERCASE VARCHAR(7)
MAINSPEC CHAR(2)
MAINDIMX SMALLINT
MAINDIMY SMALLINT
MAINPQUAL CHAR(1)
MAINPNOT CHAR(1)
MAINPOBS CHAR(1)
MAINPAVA CHAR(1)
MAINPDIG CHAR(1)
MAINALPHA FLOAT
MAINDELTA FLOAT
MAINFIELDSIZE FLOAT
MAINREDUCEDFIELDSIZE FLOAT
MAINFORMULAPLUS1 FLOAT
MAINFORMULAMINUS1 FLOAT
MAINFORMULAPLUS2 FLOAT
MAINFORMULAMINUS2 FLOAT
MAINMAGNITIDE FLOAT
MAINMAGNITUDEACTUAL FLOAT
MAINMAGNITUDETOUSE FLOAT
MAINDATEY SMALLINT
MAINDATEM SMALLINT
MAINDATED SMALLINT
MAINUTH SMALLINT
MAINUTM SMALLINT
MAINUTS SMALLINT
MAINHASPREVIEW SMALLINT
MAINHASSCAN SMALLINT
SUBID INTEGER

TBLNOTES

NOTID INTEGER
MAINID INTEGER
NOTCONT CHAR(1)
NOTNTEXT VARCHAR(256)

TBLOBSERVATORIES

OBRID INTEGER
OBRNAME VARCHAR(32)
OBRSITE VARCHAR(24)
OBRCOUNTRY VARCHAR(24)
OBRMARSDENID SMALLINT
OBRTIMEZONE SMALLINT
OBREASTLONGITUDE FLOAT
OBRLATITUDE FLOAT
OBRALTITUDE SMALLINT

TBLOBSERVERS

OBSID INTEGER
OBSNAME VARCHAR(64)

TBLQUALITY

QUAID INTEGER
MAINID INTEGER
QUACONT CHAR(1)
QUAQTEXT VARCHAR(256)

TBLSUBSETS

SUBID INTEGER
SUBNAME VARCHAR(255)
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The WFPDB provides for each observation a plenty of information for the 
corresponding archive, for the parameters of the observation instrument, for the 
observation parameters (position on the sky, observation time, object name, 
method, exposure time, emulsion type, filter type, spectral band, plate size), as 
well as data for the plate quality, for the observers and their comments written 
on/about the plates.  

  
Figure 3. Details from archive. 

 
A web based search engine was developed that may be assessed on web space 

by a properly user interface (Kolev, 2009). The WFPDB logical schema is 
illustrated in Fig. 2. The schema is generated using the reverse engineering tools 
(IB Expert 2004). A screenshot from currently used WFPDB is explained in Fig. 
3. 

There are envisaged several possible manners to user-friendly exploration of 
the large set of astronomical data in WFPDB. One of them is to select an 
observatory, then extract the subset of archives according to this observatory and 
at last get a limited list of astro-images. Each point in plate centers diagram 
corresponds to stored astro-image as shown in Fig. 4.   
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Figure 4. Plate center as astro-image preview. 
 

 
4. FITS IMAGE ASTRO-DATABASE SOFTWARE ACCESS 

 
The acronym FITS stands for Flexible Image Transport System. The name 

itself expresses the general purpose of FITS to be a flexible mean for transferring 
image data (and extra information about them) between cooperating computer 
systems. 

For astro-image processing purposes, where FITS file format is predominantly 
used, a specific software access to file data is necessary to be implemented. 
CFITSIO is a library of C and FORTRAN subroutines to read and write data files 
in FITS format (CFITSIO, 2009). CFITSIO is developed by the High Energy 
Astrophysics Science Archive Research Center (HEASARC). It provides simple 
high-level functions/routines for reading and writing of FITS files in this way 
insulating the programmer from the internal complexities of the FITS format. 
CFITSIO also gives many advanced opportunities for manipulate and/or filter the 
FITS information. CFITSIO is already tested on many operating systems and 
software platforms, most usable of which are: 
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OPERATING SYSTEM  COMPILER 
HP-UX     gcc 
IBM AIX    gcc 
Linux     gcc 
Windows 95/98/NT   Borland C++ V4.5 
Windows 95/98/NT/ME/XP  Microsoft Visual C++ v5.0, v6.0 
Windows 95/98/NT   Cygwin gcc 
MacOS-X 10.1 or greater  cc (gcc) 
 

The authors using specific FITS routines of CFITSIO library in a Windows OS 
environment have developed a simple test program. The main screen of this 
program is shown in Fig. 5. 

 

 
 

Figure 5. Main screen of the astro-images read test program. 
 
The program opens the specified FITS file, prints out the keywords content of 

its header in the current HDU (header and data unit) and visualizes a preview of 
the graphical image content. 
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5. GEODATABASE 
 
In the Astroinformatics project environment the term “geodatabase” is used to 

describe main data a subset of observatories and to represent the observatories 
positions on a world map. In its current version the geodatabase is presented via 
layers in ESRI shape-file format as follows: 

• World layers describe countries, lakes, rivers, sites, etc. that are common 
geodata widely usable in any GIS (Geographical Information System) software; 

• An observatories’ layer is specially designed for the Astroinformatics 
purposes and takes data from table TBLOBSERVATORIES in our main WFPDB 
data.  

Software code for generating the observatories’ layer has been written using 
PHP script language.  

The necessary graphical web interface to the geodatabase has been developed 
by the Open Source GPL products: MapServer and Chameleon PHP framework 
(Kalaglarsky, 2009). We call it AsrtoWeb engine (see Fig. 6). 

 

 
 

Figure 6. The AstroWeb main screen showing the location of some European 
observatories. 

 
Fig. 6 demonstrates the Word and Observatories’ layers implemented in a 

classic web browser, namely the MS Internet Explorer. This web application has 
full control and nagation capabilities and is also intended to demonstrate graphical 
and tabular relationship existing in the Astroinformatics project data. 
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6. APPLICATION SERVER AND ASTRO-IMAGE PROCESSING 
SOFTWARE UNITS 

 
Astro-image processing software units have to be installed on computer 

configuration named “Application Server”. These software units will represent 
pieces of program code, compiled to DLL or EXE format. All information 
services according astro-image processing will be managed via web interface. The 
Chameleon PHP framework  (Chameleon, 2008) is mainly used in the AstroWeb 
implementation. Despite of not very known in similar context, the Chameleon 
PHP occurred very suitable to organize an user friendly web-interface in the 
frames of a classic HTML browser (with DHTML and AJAX support) and 
without any special plug-ins. The Chameleon framework itself represents a high 
customizable program interface based on “widgets”(see Fig. 7). 

 

 
 

Figure 7. Chameleon framework architecture. 
 

The last block of the diagram in Fig.7 points to a new widget designed 
according to needed information services. The program developer normally 
creates new widgets from already existed ones that provide a similar functionality 
starting from Widget Template and adding new functionalities incrementally. 
Besides the latter are often interface functionalities, but not necessarily action 
ones. A very important step is to create the wrapper unit that provides program 
interface between server-side PHP script implementation and DLLs that support 
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astro-image processing. This task is similar to the one of creation a PHP extended 
DLL that can be performed using ZEND program interface (Extension writing 
Part I, 2009). Another Astroinformatics module, namely the wrapper module 
“AstroWrapper” is under current development. AstroWrapper is intended to link 
the WFPDB, the Geodatabase and the FITS image content together in a common 
web-based distributed computer system. 

 
7. CONCLUSIONS 

 
The present paper describes main modules that a R&D astro-image processing 

environment should generally consist of. The problem solutions here described 
can be resumed and ordered by their importance to closed future extension as 
follows: 

• Software implementation of CFITSIO open source library for the case of 
an effective reading and writing of astro-images in FITS format; 

• Development of AstroWrapper PHP extension that looks like a bridge 
between the image-processing executive code and the respective web user 
interface; 

• Development of Chameleon widgets playing as a comfortable software 
tools for a user friendly web interface; 

• Extension of the current AstroWeb implementation for an end-user HTML 
page to make it a high effective shell to access any information services that 
“Astroinformatics” project will need; 

• Choice and implementation of a suitable communication technology to 
perform dataflow partnership with optimal security requirements among different 
workplaces.  
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