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1 Introduction

A variable star is a star whose apparent 
magnitude as seen from Earth fluctuates. The 
variability of a star was first detected in the 16th 

century. For next centuries, it was only possible 
to conduct observational studies the brightest 
stars in the sky. Since the invention of the 
computer, astronomical research has become 
less and less related to the direct contact of 
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Abstract

In the task of variable star detection exists a problem of missing data. 
By using shared telescope networks like LCO, users often face the 
concurrence for the observation time. This concurrence does not let 
to make a lot of photos of the same part of the sky. The author of 
the research proposes a new method for the solution of the missing 
data or unevenly based data problem in the task of variable stars’ 
detection. Method is based on the addition of your own variable 
star data by using the data of other researchers. Author suggests an 
algorithm that identifies the star of interest on the series of photos. 
Algorithm automatically identifies the stars on the different images 
independently from the shift or rotation of the stars on the image. 
Then the algorithm extracts the data about the flux and magnitude 
of the stars on the image. In this way, by getting data about the 
magnitude and flux of the star from different sources, it is possible to 
fill the gaps in data that will increase the probability that a star will be 
identified as a variable one.
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a researcher with a telescope and more to 
the acquisition and analysis data, which also 
enabled deeper exploration of variable stars. 
There are many developed algorithms for 
determining the period, however, the problem 
of variable star detection still exists [1]. 
Nowadays astronomers use telescope networks 
where photography of a part of the sky can be 
requested via the Internet. As a result, there 
is competition for telescope operating time, 
which sometimes does not allow multiple 
photographs of the same star to be taken over a 
long period. The lack of photographs can lead 
to a periodic detection algorithm not detecting 
a variable star, especially if the period of this 
star is relatively short. The development of 
methods that can supplement data with the 
data of other scientists is topical. Such methods 
are not yet fully developed, but the methods 
that have been developed are fragmentary. 
There are, for example, VaST software that 
allows you to identify variable stars in a 
series of images when the overlay area is 
over 40%. This points to how the research 
problem is topical to computational methods 
of astronomy and not fully resolved. The aim 
of this work is to develop an instrument for 
automatic identification of star variability in a 
series of celestial images.

2 Detection of variable stars using sky image 
photometry

2.1 DETECTION PRINCIPLE

There are 3 phases for obtaining research 
data from a shared subscription resource: 
data collection (software for telescopes or 
observatories), data processing and detection 

of various types of objects or events. In most 
cases, in the data acquisition process, attention 
is paid not to existing algorithms that control 
telescopes, but rather to study how to use 
methods for processing astronomical images 
more effectively and efficiently. However, 
special attention is paid to data processing and 
object detection [2].

Astronomical images are usually captured 
with a CCD photodetection matrix. These 
detectors are similar to those used in mobile 
phones and other devices. Typically, images 
are stored in astronomy distributed FITS 
file format [3]. FITS is the data format 
most commonly used in astronomy for the 
transportation, analysis and archiving of 
scientific data files. FITS has much more than 
just one image format (such as JPG or GIF) and 
is mainly designed to store scientific datasets 
consisting of multidimensional arrays (images) 
and two-dimensional tables containing image 
information (date of capture, subject name and 
coordinates, etc.) [4] These images are almost 
always grayscale. If color pictures are required, 
color information is obtained by sequentially 
using multiple color filters.

The main principle of the variable star 
detection method is based on the identification 
of changes between images in a series of images 
taken at intervals of a few minutes to several 
days, for example like in the Figure 1. Changes 
can be detected by comparing the images by 
pixels or elemental image fragments. This 
technique is the analysis of image differences 
[5] Some scientists, based on the principle 
discussed above, have proposed their own 
methods and algorithms with their own 
improvements, such as [6 - 10]. These methods 
are also used in research on the detection of 
stars in new variables such as [11, 12].

FIGURE 1 Intensity peak values and time difference between peaks of a variable star
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In the literature, one of the sub-methods of 
subtraction, or subtraction, is often found in 
these methods. This data processing technique 
is based on the principle of subtraction of 
matrices - B = A-Ar, where B is the resultant 
matrix, photometric matrices of A at some 
point of time, and Ar is the reference image 
taken under particularly favorable weather 
conditions in a moderate atmosphere with low 
humidity. Most areas in the resulting image 
are dark, representing areas where two images 
are close to the same brightness. However, a 
number of bright point sources appear in the 
image of the residue. These points indicate 
areas where the brightness of two images 
differs. This technique is used by large projects 
such as OGLE [13] and ROTSE [11].

Based on the techniques and techniques 
discussed above, programmers have also 
offered solutions to the problem of detection 
and identification of variable stars. One such 
solution is VaST. This computer program 
is suitable for identifying variable stars in 
astronomical image series (images from FITS 
files). The software allows you to process images 
with redirected and rotated images of the same 
scale (the image has the same pixel height 
and width and the image’s spatial angle). The 
coating should be at least 40%. This computer 
program is not fully automatic and requires 
user intervention [14]. There is also a library of 
algorithms AsPyLib that is suitable for Python 
programming language. Using this library, you 
can detect variable stars, as well as analyze their 
light curves. The detection process is not fully 
automated, and the support and updating of 
this module has ended in 2015 [15].

2.2 PROBLEM OF UNEVENLY 
DISTRIBUTED DATA

Literature shows that studies related to variable 
star data processing can highlight 2 unsolved 
problems - lack of automation and insufficient 
data. For example, [12] The authors of the study 
admit that visual inspection is required. There 
is also a problem of lack of data, [12] authors 
admit that some stars were not clearly defined. 
The authors comment that this might be due 
to the irregular nature of the light variability 
of this star, or whether the amount of data was 
not large enough to be clearly classified as long-
term variable stars. The problem of the lack of 
large amounts of data is also not fully resolved.

The number of images of these stars 

is important for the resultant detection of 
variable stars, for calculating this star period 
and for classification. This is especially true 
for changing stars with a small period, which 
can change brightness within hours or even 
faster. In circumstances where the time of use 
of telescopes is strictly limited, research on 
variable stars may be difficult.

There have been attempts to solve the problem 
of unevenly selected data over time. There are 
algorithms and techniques that are well suited 
for processing uneven data over time. The most 
commonly used methods for determining the 
frequencies of variable stars are the following: 
Lomb-Scargle method [16], Fast Chi-Squared 
technique [17], SigSpec [18], Cubic spline method 
[19], Welch-Stetson algorithm [20].

Literature shows that automatic 
identification of variable stars is a topical 
task in astronomy and this task has not been 
resolved to the end. Existing data acquisition 
and processing approaches may not always 
guarantee variable star detection. In the case of 
unsuccessful coincidences, the time intervals at 
which the starry sky photographs were taken 
may coincide with the maximum or minimum 
of the star’s brightness. This leads to the need 
to get more images for each part of the sky. 
This would exclude the possibility that the 
algorithm will not identify the variability of the 
star’s brightness. There is also a problem with 
the competition for the telescope’s lifetime, 
which prevents the reception of unlimited 
number of sky images. Another approach to 
automatic detection of variable stars is needed.

In this study, only pulsating star images 
were processed, more precisely cefeids, because 
these stars, unlike the double star of the eclipse, 
the sinusoidal light curve with the threshold, 
unlike the irregularly pulsating stars, have a 
regular period, unlike Mira’s pulsating stars, 
the pulsation period is relatively short.

2.3 METHOD

2.3.1 Development of cefeid identification program

Automatic identification of cefeids in images 
is a task that needs to be solved in order to 
successfully study the same stars, whose 
images were taken in different studies or 
researches. The main problem in this task is 
that sometimes the star of interest may be in 
the pictures taken during different studies. 
This leads to a situation that the same star 
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may have different coordinates on the images 
(because it was consciously or unconsciously 
captured, maybe with different telescopes and 
perhaps from different angles of view).

The authors offer an approach for 
identifying cepheid stars in a series of celestial 
images. The algorithm is implemented in a 
program written in Python 2.7 programming 
language using algorithm libraries photutils 
(one of the Astropy modules that provide 
photometric detection of astronomical sources 
and tools) and astropy (a module for processing 
astronomical images and data). The program’s 
input data is a series of images with a specific 
sky fragment taken at different times, possibly 
within the framework of various studies. The 
software processes data in FITS format.

The steps of the algorithm:
1. The indication of the path to the 

directory where the star image series is 
located; The 1st image in the directory is 
considered a reference image (reference 
image - is an image that will compared 
with other images in the series for 
cepheid identification);

2. The coordinates of the variable star in 
the reference image are entered;

3. The image captured by the telescope 
includes both the sky, the stars and other 
cosmic objects, so the next step was to 
recognize the stars in the pictures. For 
this purpose, the DAOFind algorithm 
from the photutils library was used. This 
algorithm was developed and patented 
by Peter Stetson [21]. DAOFIND 
searches images for local density 
maxima that have a peak amplitude 
greater than threshold (approximately; 
threshold is applied to a convolved 
image) and have a size and shape similar 
to the defined 2D Gaussian kernel. The 
output of this algorithm contains the 
coordinates of all the detected stars, the 
sharpness of the star in the image, the 
flux, the instrumental magnitude of the 
star (magnitude) (Figure 2). 

4. Sometimes the shape and characteristics 
of different stars are similar, so that 
the identification of a certain star 
must consider not only the shape and 
characteristics of an identifiable star, but 
also the shape and characteristics of its 
adjacent star. So, the identification should 
be done using a pattern that includes 
both an identifiable star and adjacent 

stars. This was also done by calculating 
a template from the reference image. The 
template has a square shape whose size 
was calculated dynamically (depending 
on the image size). Then all the distances 
from the identifiable star to the other 
“adjacent stars” were calculated. These 
distances also will be used to identify the 
star in other images in the series.

5. Processing of other images in the series 
(algorithm for single-star processing):
1) All existing stars are detected by the 

image using DAOFind.
2) The same stars (even in different 

images) will have similar sharpness. 
Therefore, the sharpness of all 
the stars identified in the image is 
compared with the same properties 
in the reference image. Only a small 
group of stars will be left.

3) Small squares are created (the 
area is an automatically calculated 
dependence on the image size), 
in which the center is a candidate 
who can be an identifiable star, this 
square also includes other stars. The 
distances from the candidate star to 
the other star square are calculated. 
These distances were compared to 
the distances the reference image 
and the desired variable star are 
identified in the image.

2.3.2 Testing of algorithm using generated images

To test whether the algorithm can identify 
the desired star in the image series, data was 
generated for testing. Image series with 3 
complexity levels were generated:

1. The pictures contain 10 to 50 stars with 
randomly generated coordinates and 
other properties; In a series of images, 
each image is guaranteed to have an 
identifiable star and all the images have 
the same dimensions;

2. Figures contain 50 to 500 stars with 
randomly generated coordinates and 
other properties; In a series of images, 
each image is guaranteed to have an 
identifiable star and the images have 
different dimensions;

3. Figures range from 500 to 1000 stars 
with randomly generated coordinates 
and other properties; Images in the 
series may not have identifiable stars 
and images have different dimensions;
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2.3.3 Testing of using real astronomical images

After processing the generated images, you 
must process the real images of the sky. The 
images were taken from both the LCO archive 
and some images were taken by the authors 
using LCO telescopes.

Three objects for capturing were selected. 
These objects are classic Cefeids - AH Velorum 
(period 4.2 days), BG Crucis (period 3.3 
days) and Beta Doradus (period 9.8 days). 
By accessing the LCO image archive (which 
contains all the pictures taken with this 
telescope network), the authors have noticed 
that other scientists had not photographed 
these stars and these sky fragments using this 
telescope network, so the authors of the work 
were the first to do it using LCO telescopes. 
These photos are now available to all other 
users of the LCO telescope network in the 
scientific archive.

After that, all the taken photos were 
analyzed using the developed software. Then 
the authors used the Lomb-Scargle method to 
detect the period.

After that the algorithm was once again 
tested using the images of 3 Cepheids CU Mon, 
AK Cep and W Sgr. The images were retrieved 
from the LCO scientific archive.

3 Conclusions

1. The developed algorithm when 
processing artificially generated 
images successfully processed and 
identified the star in images with 
coverage less than 25%;

2. When processing data from the LCO 
archive, it was determined that using 
data only from one study or research it 

is not possible to accurately determine 
the period of cefeid because of the 
lack of data;

3. When processing the images that 
was taken by the authors, the correct 
period was not calculated for any star. 
Continuity of observations and number 
of images are important for the correct 
determination of the period. The breaks 
were due to the windows expired error 
(the observation time has expired but 
the photograph was not taken). When 
contacting the support service, the 
response was that this error occurred 
when a lot of people also wanted to 
observe the same telescope and at 
the same time. The support service 
confirmed that there was competition 
and offered to attract other users of the 
telescope, to ask or to help them to take 
photos (collaborative project). So, to 
determine the cefeid period, the number 
of images must be increasing, especially 
if the period is a few days, and several 
photos must be taken in one day;

4. When processing data that was retrieved 
from LCO scientific archive (AK Cep, 
CU MON and W Sgr), the periods of the 
stars were calculated correctly. Overall 
over 1000 images were processed 
and thus it was possible to correctly 
determine the periods;

5. VaST software requires at least 40% 
image overlay for successful star 
identification. The method and the 
program based on it, developed within 
this research, can successfully identify 
a star even if the image coverage is less 
than 40%. For example, in 25% of the 

FIGURE 2 Steps of the identification of the stars using DAOFind
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generated images, the stars of interest 
were successfully identified;

In this study, an algorithm and software for 
automatic identification of cefeids in a series 
of star images were developed. The developed 
method also includes the necessary steps to 
identify cefeids. The identification process 

utilized cefeid’s sharpness in the image, as 
well as the cefeid’s distance to the other stars 
(in pixels). Developed software, unlike the 
VaST software, can identify a star in images 
with a total area of less than 40%, and unlike 
the methods offered by the AsPyLib algorithm 
library, this software is automated.
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