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METHODOLOGY OF PIPELINE DATA REDUCTION  
FOR ASTROMETRY AND PHOTOMETRY  

OF A LARGE ARRAY OF CCD OBSERVATIONS 
 
Abstract. We provide the description of the methodology of preliminary data reduction of the CCD 

observations and following astrometry and photometry analysis of a large number of objects in CCD images during 
uninterrupted observations, surveys or search campaigns. The result of the method of analysis of a large array of 
CCD images on the example of the observations of Phaeton asteroid, made on the telescope Zeiss-1000 on the Tien 
Shan Observatory is presented.  

Key words: CCD-observations: data analysis, methods: astrometry, photometry, pipeline for data reduction 
 
Introduction 
One of the tasks in Fesenkov Astrophysical Institute (FAI) for 2018-2020 is carrying out CCD 

observations for the purpose of search and classification of variable stars, as well as long-term 
observations of individual objects to determine and refine the parameters of their brightness variability. In 
parallel, there are monitoring observations to search for objects potentially hazardous to Earth (NEOs – 
near-earth objects), little-known asteroids and comets, as well as the definition and clarification of the 
physical characteristics of the known NEOs. As a result of such observations, Assy-Turgen (ATO) and 
Tien Shan (TSO) observatories produce arrays of CCD data, numbering up to several thousand frames per 
night [1]. Most of these CCD images already have a fairly large field of view (FOV) (32`×32`). In the 
near future, it is planned to increase the FOV on some instruments to several degrees and the number of 
objects on one CCD frame, for which it is necessary to obtain photometric and astrometric information 
can reach several thousand, and the number of frames received during one night will reach several 
thousand too. It becomes clear that the usual procedure for analyzing CCD images in "manual" mode will 
require too much time and will lead to an increase in the probability of errors due to the human factor. 
Variety of observation modes (see "Sorting data") makes this task even more complicated. 

Thus, the task of developing a methodology for the automated processing of CCD observations and 
obtaining astrometric and photometric information for each object on the CCD frame in a format that is 
most convenient for further analysis becomes quite important in modern observational astrophysics. 

Of course, such methods have been developed earlier in other groups and observatories. However, the 
effectiveness of each specific technique depends on the specificity of the task to which it is directed, as 
well as the characteristics of the equipment used and observation conditions. 

The choice of methods of automatic data analysis in our case is determined by a specific goal — the 
search for variable stars by analyzing their brightness variability with periods ranged from a few minutes 
to several hours, using CCDs and EMCCDs with a FOV of not less than 20'×20', with different signal 
amplification parameters and observations in different wavelengths (a complete list of the parameters used 
is given in the section "Data sorting"). 
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Preliminary data reduction: 
The next step in the preparation of observations for further analysis is to take into account 

instrumental systematic noise in CCD images. We will not dwell on this issue, those interested can get 
acquainted with it in detail in the [2]. The systematic noise includes the dark current, the bias offset and 
the unevenness of sensitivity on the field of the CCD. To minimize random noise in the accounting of 
systematic error, the corresponding calibration frames should be averaged over a sufficient number of 
images (usually not less than 10). The IRAF package is used as the main tool for the analysis of 
astronomical data of CCD observations (http://iraf.noao.edu/). Averaged CCD frames of bias 
(MasterBias) can be obtained by zerocombine procedure (iraf.imred.ccdred), a dark current (MasterDark) 
is obtained by darkcombine (iraf.imred.ccdred) routine. MasterDark must be taken for each image 
obtained with combinations indicated in Figure 2 (except for the selection of filters). MasterBias and 
MasterDark are additive noises and should be subtracted from the CCD image of the object (respectively, 
MasterBias is first subtracted from MasterDark), and the heterogeneity of the sensitivity along the CCD 
image is a multiplicative component, so CCD image of the object should be divided by it. The averaged 
CCD frame of the flat field (MasterFlat) must be obtained for each filter in which the object was observed 
and correctly corrected for corresponding MasterDark. To obtain MasterFlat one may use the flatcombine 
procedure (iraf.imred.ccdred). After that the MasterBias, MasterFlat and MasterDark are used in 
preliminary data reduction using ccdproc procedure (iraf.imred.ccdred). 

Pipeline method for automatic photometry of objects on CCD frames: 
Since our main task is to search for variable stars by analyzing the light curves, the technique should 

perform the following steps: 1) automatically assign the equatorial coordinate grid to the CCD frame, 2) 
detect all sources on the FOV of the CCD frame, 3) determine among them the stars belong to different 
catalogs, 4) conduct aperture and PSF-photometry and 5) output the results in a format convenient for 
further analysis. 

For clarity and ease of understanding of the whole process its flowchart is shown in Figure 3. 
As the environment for method implementation, the combination of the Linux operating system with 

a high-level language python was chosen. This choice is made for several reasons. First, both Linux and 
python are open source (the standard public license, GNU GPL). Secondly, python is one of the most 
dynamically developing high-level languages, it is quite simple and provides ample opportunities to 
attract a large number of people, including students and post-graduates. Third, an IRAF package is 
integrated into the python environment (http://www.stsci.edu/institute/software_hardware/pyraf). The 
algorithms and methods of this package have been repeatedly tested, well documented and integrated into 
many modern data analysis packages of CCD observations. All iraf functions and libraries are available 
and can be directly imported into the python environment. 

To date, the python community has developed a large number of applications for working with digital 
images, analysis of astronomical catalogs, presentation of graphical and other information directly in a 
format suitable for publication or use by other applications. The most popular python platform for 
scientific data analysis is Anaconda, developed by Continuum Analytics (https://www.anaconda.com/). 
We use this platform to install the AstroConda channel with all relevant packages 
(http://astroconda.readthedocs.io/en/latest/index.html). The whole installation and configuration process is 
quite simple. 

Let us now examine in detail each of the steps shown in Figure 3. At the beginning of the process, a 
list of CCD frames that have been preprocessed is formed. To do this, one uses the getcwd and listdir 
procedures imported from iraf.os in python. Further, for the convenience, we will denote by ← the 
process of importing the appropriate packages and methods into python. At this stage, the procedure 
checks the existence of appropriate directories to save the results and the corresponding log-file 
(path.exists, makedirs ← iraf.os). 

The results of observations are saved in the fits format [3], in the header of which all parameters of 
observations are listed. Working with fits-files is carried out through astropy package.io.fits. The header 
of the fits file is analyzed to determine such parameters as the coordinates of the observatory (astropy [4]), 
the size of the CCD frame and FOV of the CCD (in arcminutes), the focal length f in mm, the pixel size in 
µm, the image scale in arcsec/pixel. For the analysis of observations obtained at different epochs, 
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up observations of high-priority objects. This makes the task of fast and robust processing and analysis of 
observational data particularly relevant. 

 The methodology described in this article was implemented under the Linux operating system 
based on the python high-level language and uses generally accepted and proven algorithms for data 
analysis (whose implementations are freely available). 

 The work on improving the methodology continues. In particular, it is necessary to develop 
criteria for updating the parameters of procedures for detection of faint objects on a FOV, to consider the 
possibility of building a PSF profile for the particular instrument, which should not only improve the 
quality of the results of PSF-photometry, but also reduce the processing time. Another important problem 
to be solved is an implementation of methods of extended object photometry including tracks of objects 
observed at different regimes of telescope tracking, as well as photometry of extended objects (galaxies, 
nebulae). 

 In conclusion, we should note some possible sources of errors in photometry and astrometry using 
the developed methodology. First, it is assumed that the PSF profile remains constant throughout the 
entire observation session, which may not be the case for observations in highly changing weather 
conditions, inaccuracies in the telescope tracking (wind, auto-guiding failure, etc.). As a result of the 
incorrect description of the true stellar profile on the images, there will be some remnants after subtracting 
the stars which can be incorrectly interpreted as additional sources. This ultimately leads to errors in 
photometry. Second, it is assumed that the dependence of the PSF profile on the CCD frame is also 
constant or changes linearly. If this requirement is not met, it can also lead to errors in the photometry of 
stars and the detection of false sources. To determine the valid regimes of adequate performance and 
assessment of the domain of application of the methodology we should test it on artificial data generated 
with different noise levels and different complexity of the field (density of sources, the variability of the 
PSF-profile stars across the field of the CCD frame, etc.). 
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ЖƏНЕ АҒЫМДЫҚ АСТРОМЕТРИЯНЫҢ ƏДІСНАМАСЫ 
 
Аннотация. Іздеу кампаниялары немесе аспанды шолуда ұзақ уақыт бақылау жүргізгенде, ЗБА-сурет-

тердегі объектілер саны максималды болғанда жəне оның астрометриялық жəне фотометрлік зерттеулерін 
жүргізудің ЗБА-бақылауларының алдын-ала өңдеу процесінің өңделген əдіснамасы берілген. Цейсс-1000 
(ТШАО) телескобында астероид Фаэтонның үлен ауқымды бақылау мəліметтерінің талдау əдіснамасының 
нəтижелері көрсетілген.  
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МЕТОДИКА ПОТОКОВОЙ АСТРОМЕТРИИ  

И ФОТОМЕТРИИ БОЛЬШОГО МАССИВА ПЗС-НАБЛЮДЕНИЙ 
 
Аннотация. Дано описание разработанной методики процесса предварительной обработки ПЗС-

наблюдений, последующей астрометрии и фотометрии максимального количества объектов на ПЗС 
изображениях, которые получаются при продолжительных наблюдениях, обзорах неба или поисковых 
кампаниях. Показан результат работы методики анализа большого массива ПЗС-изображений на примере 
данных наблюдений астероида Фаэтон, выполненных на телескопе Цейсс-1000 (ТШАО). 

Ключевые слова: ПЗС-наблюдения: анализ данных, методы: астрометрия, фотометрия, потоковая 
обработка данных. 
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