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ABSTRACT. The CoLiTec software is a large complex
of processing modules that implements computational
methods for the different purposes: brightness equaliza-
tion of CCD-frames; automated calibration of the frames
by bias-frame, dark-frame, and flat-field for reducing the
dynamic range of brightness of the image background;
frames track & stack; automated rejection of the anomaly
pixels; automated excluding of the objects with anomaly
errors; determining the equatorial coordinates of the Solar
System small bodies; accurate parameter’s estimation of
objects in frames; star’s identification in the frames; as-
tronegative plate’s processing; ensemble differential pho-
tometry using comparison stars; determining the instru-
mental brightness of stars in CCD-frames; automated light
curve creation; detection of very slow and very fast ob-
jects in series of CCD-frames; detection of objects with a
near-zero apparent motion in series of CCD-frames.

The described methods work with the different forms
of object images (point, long) and during the different
observational conditions (with daily telescope guidance
and without it). These methods lead to the increasing of
astrometry and photometry accuracy indicators as well as
the quality indicators for detection of the Solar System
small bodies in series of CCD-frames.

The CoLiTec software is installed at several observato-
ries of the world. In total, it was used for about 700 000
observations and discovery of more than 1560 asteroids,
including five NEO, four comets (C/2011 X1 (Elenin),
P/2011 NOI1 (Elenin), C/2012 S1 (ISON), and P/2013 V3
(Nevski)), 21 Trojan asteroids of Jupiter, and one Centaur.

The paper deals with the CoLiTec software 1) to proc-
ess the different types of astroinformation, which can be
fed on-line in different forms, for example, files stream
and video stream, astroplates; 2) to decide the data saving
problem at various servers and virtual observatories sites;
3) to improve computational methods and algorithms for
automated detection of Solar System small objects; 4) to
improve the accuracy of astrometry/photometry reduction.

Keywords: CCD, series of frames, observations, astrom-
etry, photometry, computational methods, CoLiTec.

ABCTPAKT. Ilporpamnue 3abe3neuennst CoLiTec — e
MOTYXXHUH KOMIIJIEKC MOXYJiB OOpOOKM acTpOHOMIYHHX
JTAHUX, IO peasi3yloTh OOYHCIIOBAJIbHI METOIU BUPIBHIO-
BaHHA scKpaBocTi [133-kanpiB; aBTOMaTHYHOrO KamiOpy-
BaHHs KajpiB 3a jonomororo bias, dark Ta flat xkaapis st
3MEHIIICHHSI JIMHaMIYHOTO liana3oHy sICKpaBoCTi (OHY
300pa)XeHHs; CKIAAaHH KaIpiB; aBTOMATUYHOTO BUSBIICH-
HS aHOMAJBHHX IIKCENiB; aBTOMATUYHOIO BHKIIIOUCHHS
BUMIPIOBaHb TIOJIOXKEHHS 00'€KTIB 3 aHOMAJIBHUMH TTOMUJI-
KaMH{; TOYHOI OLIHKM TOJIOXKEHHSI 00'€KTIB HA KaJpax; BU-
3HA4YCHHS €KBaTOPIaJbHUX KOOPIMHAT MalMX 00 €KTIiB
CoOHSYHOI cHCTeMH; OTOTOXKHEHHS 3IpOK Ha Kajapax Ta y
KaTajorax, 10 3aCTOCOBYIOThCS; 0OpOOKa acTpOHEraTHB-
HUX IUIaTiBOK; BHUCOKOTOYHOI (POTOMETpIi 3ip 3 BHKOpHC-
TaHHAM 3ip MOPIBHAHHSI;, BU3HAYEHHS 1HCTPYMEHTAIBHOL
sickpaBocTi 3ip Ha [133-kaapax; aBTOMaTH4HOI MOOYIOBU
KPHUBHX OJIUCKY 3ip; BUSBJICHHS PyXOMHX 00’€KTiB 3 MaJIOIO
KOHTPACTHICTIO 300pakeHb; BUSBJIICHHS JyXe TMOBUIBHUX 1
IIy’Ke IMBUAKAX 00'ekTiB Ha cepii [133-kanpiB; BUABICHHS
00'eKTiB 3 OIM3bKOHYIHFOBUM BUAUMHUM PYXOM.

OOGumcMoBaIBHI METOIH NPALIOIOTh 3 Pi3HUMH (GopMaMu
300pakeHb 00'€KTiB (KPyrOBHMH, MPOTSHKHUMH) 1 B PI3HUX
YMOBaX CIOCTEPEKEHHS (3 TOOOBUM BEICHHSIM TeJIeCKOIa Ta
0e3 HbOro). 3amporNOHOBaHI Ta BIPOBADKEHI METOIH
MIPU3BEIHN JI0 TIOKPAICHHS TTOKa3HUKIB TOYHOCTI aCTPOMETpii
Ta QOTOMETIi, a TAKOK MOKA3HHKIB SKOCTI JJIsI BUSBJICHHS
Manux T CoHsYHOT cucTeMHu Ha cepii [133-kapiB.

IIporpamue  3abesneuenns  CoLiTec — mmpoko
BHUKOPHCTOBYETHCS Y Pi3HUX 00cepBaTopisix cBity. Beroro
Oyno BukoHaHO Omm3pko 700 000 cmocTepexeHb Ta
BimkpuTo Oumpmre 1560 actepoinmiB, y TOMY YHCIHI IT'ATh
NEO, wotupu xometn (C/2011 X1 (Enenin), P/2011 NO1
(Emenin), C/2012 S1 (ISON) i P/2013 V3 (Heschkwuii)),
21 TpostHCEKHUH acTepoin FOmiTepa ta oqua Kenrasp.

Y po6oTi po3rIIAAa0TECS OKPEMi aCHEeKTH MTPOTrpaMHO-
ro 3abe3neueHHs CoLiTec, a came 1) st 06poOku pi3HUX
TUIMIB acTPOiH(POPMAIIHHUX AaHUX; 2) IS BHPILICHHS
3a1adi 30epekeHHs JaHUX Ha PI3HUX CepBepax Ta calTax
BipTyaJIbHUX 0OcepBaTopiii; 3) IUId BIOCKOHAJEHHS 00-
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YHUCIIOBAIBHUX METOJIB Ta AJITOPUTMIB aBTOMATHYHOTO
BUSBJICHHA  Majaux  00'ekTiB  COHSYHOI  CHUCTEMHU;
4) Ans TMOKpAaIIeHHS acTPOMETPUYHOI 1 (POTOMETPUIHOT
TOYHOCTI TaHUX 300paxxeHs Ha cepii [133-kanpis.

Knwuosi cnoBa: 133, cepia KagpiB, crnocTepexeHHs,
actpomerpis, poTomeTpisa, obuncatoBanbHi metoau, ColiTec.

1. Introduction

At the present time the fast technological progress pro-
vokes creation of a big amount of the scientific informa-
tion. There are a lot of different research fields in astron-
omy that use the high dimensional data sets for analysis.
Some of them are as follows: variables stars, asteroids,
comets, near-Earth objects, satellites and others.

What can we do with such a big data amount? We
should develop and propose the automated software,
likely the CoLiTec (Collection Light Technology) soft-
ware, which is able to: 1) process this big amount of astro-
information; 2) discovery the new Solar System small
objects in series of CCD-frames, including those that are
the potential hazard near-Earth objects; 3) create the light
curves of investigated variable stars, satellites, asteroids,
etc. We have also the Data Mining problems with these
big astronomical data sets. How can we solve them? We
should develop the data pre-processing methods and data
reduction models to simplify input data sets by reducing
unnecessary information.

In this paper we describe the CoLiTec software accentu-
ating on the following tasks: 1) to process the different
types of astronomical information in automated mode,
which can be fed on-line in various forms, for example,
files stream and video stream, astroplates, 2) to decide the
data saving problem at the different servers, virtual observa-
tories sites. All these data can be obtained from the net-
works of automated ground-based and space-born observa-
tion systems or from the old astronomical plate’s archives.

Authors have developed new and improved already ex-
isted methods for the full frames processing, including
intraframe processing (parameter’s estimation of all ob-
jects in the frames) and interframe processing such as
parameters estimation of trajectories of all moving objects
in the series of frames.

2. CoLiTec software

Software for automated processing of series of frames
is necessary for the most effective astronomical observa-
tions. This possibility is provided by the CoLiTec soft-
ware, http://www.neoastrosoft.com (Savanevych et al.,
2012) that includes the following features:

* Automatic detection of faint moving objects
(SNR>2.5);

» Working with a very wide field of view (up to 10 de-
grees?);

* FrameSmooth software for brightness equalization;

« Auto calibration and cosmetic correction;

* Fully automatic robust algorithm of astrometric reduc-
tion;

* Automatic rejection of the worst observations;

* Detection of very slow and very fast objects (from 0.7
to 40.0 pix./frame);

* LookSky — processing results viewer with user-
friendly GUI;

* Multi-threaded support for multi-cores systems and
local network;

* Processing pipeline managed by OLDAS (On-line
Data Analysis System);

* CoLiTec Control Center (3C) with processing moni-
toring and logging.

These features allow effective using of CoLiTec soft-
ware at the different observatories in the world.

The very brief sequence of the online processing is pre-
sented in Figure 1.

Images that are saved from the input telescopic devices
are processed by the CoLiTec software in different modes.
As a result, we can get necessary data such as light curves
and appropriate reports. The more detailed process work-
flow of CoLiTec software is presented in Figure 2. The
data control during processing is performed with using of
the improved method, which is based on the subject me-
diator according to the UML-diagram (see Figure 3). The
main advantage of this approach is the scalability of both
the input and output interfaces of program modules in
CoLiTec software.

The data mining is performed in OLDAS mode, which
is especially significant. It allows us to conduct near real-
time data processing and to assign confirmation of the
most interesting objects at the night of their preliminary
discovery (see Figure 4).
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Figure 1: Brief sequence of the online processing by Co-
LiTec software
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During the pre-processing step of CoLiTec software in
OLDAS mode the all unsupported and corrupted frames
will be rejected. The remaining useful information in the
data set will be categorized into clusters with help of speci-
fied attributes. While processing pipeline starts receiving
the classified FITS files, it identifies types of them (raw,
master-frames, service raw frames — dark, flat, bias). And
only after these actions the data is prepared for processing.

3. Intraframe processing methods

There are a lot of different types of telescope's aberra-
tion that can cause the corrupted astronomical data, for
example, diffraction rays, motion blur, vignetting, flare
light, coma and others.

The data with some aberrations is unnecessary informa-
tion. So, the removing of it on the pre-processing stage
allows increasing the quality of processing and reducing
the execution time.

Also the pre-processing stage includes analysis of the
input data and can make the decision about its quality.

Image of object

Figure 6: Selective signs for extended image of object

Some aberrations can be removed by developed special
mathematical methods for frames filtration, brightness
equalization and background alignment.

These methods allow processing the frames in the dif-
ferent frequency range. The real objects in frame are
formed by high-frequency spectral components of the
image. However, the frame background is the low-
frequency component. The subtraction of the low-
frequency background variations allows leaving the un-
changed high-frequency components of the image.

The inverse median alignment is used in conjunction
with calibration frames. It is especially important to use a
master-dark frame. All master-frames are formed pixel by
pixel. 10% of the largest and 10% of the smallest values
of brightness of the each pixel is tentatively discarded
(Dubovsky et al., 2017).

In contrast to the flat-calibration of frames, inverse me-
dian filter removes coarse-grained components that are
caused by the illumination from the Moon, the Sun, and
illuminations of anthropogenic origin (Figure 5).

These methods lead to increasing of astrometry accu-
racy indicators and stars photometry quality as well as the
quality indicators of asteroids and comets detection.

Also the CoLiTec software contains the improved
matched filter, which is used for extended images of ob-
jects for CCD-frames taken without the diurnal tracking. It
allows reconstructing the real images of extended objects.
It is very helpful for working with frames with images of
satellites, or for a malfunction of the diurnal tracking.

If all the objects in the frame are circular, and the ob-
ject under investigation has an extended image, the detec-
tion method is based on the selective signs such as the
eccentricity and the inclination (Figure 6).
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Figure 7: a) positions of the brightest measurements in
frame, b) uniform distribution of reference stars in frame

CoLiTec software allows performing of the astrometric
and photometric reduction and detecting moving objects
such as comets, asteroids or satellites in real time with the
visual confirmation of processing results.

The full processing sequence of CoLiTec software in-
cludes intraframe and interframe processing stages.

During the astrometric reduction the recognizing of
pixels that are related only to the real object's signal is
performed. Then software removes all unnecessary pixels
from the input data set to reduce amount of the measure-
ments for processing.

After the estimation of the object's position the soft-
ware starts the frames identification with the stellar cata-
logs (Akhmetov et al., 2017). This is a very difficult pro-
cedure because these catalogs contain more than billions
objects with appropriate information about them including
astrometric and photometric measurements. The main goal
of this stage is to understand to what part of sky these
frames are related.

With help of the improved method for the related
frames identification the accuracy of astrometric reduction
was increased in the CoLiTec software. The main purpose
of this method is the special rule (uniform distribution) for
the selection of reference stars in the frame (Figure 7).

Also, the accuracy of astrometric reduction as well as
accuracy of moving objects detection was increased after
using the newest stellar catalogs such as UCACS (Fedorov
et al., 2018) and GAIA DR2 (Gaia Collaboration, 2016).

The photometric reduction includes the estimation of
object's apparent brightness after its signal’s amplitude.
This stage is performed for all real objects in series of
frames.

4. Interframe processing methods

Interframe processing is used to detect and estimate ob-
jects trajectories. The core of CoLiTec software consists
of preliminary objects detection based on the accumula-
tion of statistics that is proportional to the signals energy
along possible object motion paths. Such accumulation is
performed by multivalued transformation of the objects
coordinates that is equivalent to the Hough space-time
transformation (Savanevych et al., 2012).

CoLiTec software has abilities for detecting very slow,
very fast objects, and objects with the near-zero apparent
motion. Range of visible velocities of detected asteroids
by CoLiTec software is from 0.7 to 40.0 pixels per frame.
For example, the faster discovered NEO was K12C29D

asteroid (40.0 pix./frame) as well as the slowest discov-
ered object was ISON C/2012 S1 comet (0.8 pix./frame).

These possibilities are provided by the different com-
putational methods that developed by authors and imple-
mented in the CoLiTec software. One of them is a new
iteration method for accurate estimation of asteroid coor-
dinates, which is based on the subpixel Gaussian model of
a discrete object image (Savanevych et. al., 2015). This
model of the object image takes into account a prior form
of the object image and consequently it is adapted more
easily to any forms of real image. The method operates by
continuous parameters (asteroid coordinates) in a discrete
observational space (the set of pixels potentials) of the
CCD-frame.

Full reliability of the detection of moving objects is re-
tained up to the lower limit of SNR equal to 3 units in case
of a minimum series consisting of four frames, with no
stars covering of asteroid (Savanevych et al., 2015).

The detection of objects with the near-zero apparent
motion is performed by the method, which is based on the
significance verification of the speed factor of object
(Khlamov et al., 2016). Fisher F-criterion is used as sig-
nificance criterion in this method. It allows detection of
objects that have a shift between frames, which isn’t ex-
ceeded the object’s image size by 3 RMS (Savanevych et
al., 2018). For example, at the time of discovery, the im-
age size of the comet C 2012 S1 (ISON) was five pixels
and it has been shifted by three pixels for the four frames
(Khlamov et al., 2017). The Centaur 2013 UL10 has been
shifted by ten pixels with the image size of four pixels at
the time of discovery.

The another method, which implemented in CoLiTec
software, is the method for determining equatorial coordi-
nates of celestial objects based on an assessment of their
position in the digital frame (Pohorelov et al., 2016). Dif-
ferent reduction polynomial models (cubic and fifth-
power) were implemented in this method. Also it allows
assessing the significance of the reduction model coeffi-
cients and determining the influence of the polynomial
model power on the accuracy of object’s position assess-
ment. This method also takes into account the peculiarities
of astronomical reduction in long-focus and short-focus
optical systems.

CoLiTec software equipped with the modern viewer of
obtained results with a user-friendly GUI. LookSky runs
independently of the main program and it can be used for
independent review of CoLiTec processing results while
the main program is processing data.

Also the system for monitoring processing messages
with a detailed logging of handling process is imple-
mented into CoLiTec software (Pohorelov et al., 2016).
Enhanced control of input and output data is held at the
each stage of processing. It allows detecting damaged data
from the existed one.

5. Conclusion

The CoLiTec software is widely used in the different
observatories in the world. It has been used in about
700 000 observations, during which four comets C/2011
X1 (Elenin), P/2011 NO1 (Elenin), C/2012 S1 (ISON) and
P/2013 V3 (Nevski) out of seven discovered in the CIS
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and the Baltic States over the past 20 years were identified
using CoLiTec. In total, the CoLiTec software was used
for discovery more than 1560 asteroids, including 5 NEO,
21 Trojan asteroids of Jupiter and 1 Centaur (see, also,
Savanevych et al., 2012, 2015, 2018; Khlamov et al.,
2016, 2017; Vavilova et al., 2012, 2017; Vavilova, 2016).

In 2014, the CoLiTec software was recommended to all
members of the Gaia-FUN-SSO network for analyzing
observations as a tool for detecting faint moving objects
on CCD-frames (https://gaiafunsso.imcce.fr). Now we are
working on the implementation of CoLiTec software into
the GOTO project tasks.

References

Akhmetov V.S., Fedorov P.N., Velichko A.B., Shulga
V.M.: 2017, MNRAS, 469, 763-773.

Dubovsky P.A., Briukhovetskyi O.B., Khlamov S.V. et
al.: 2017, OEJV, 180, 16.

Khlamov S.V. et al.: 2016. Eastern-European Journal of

Enterprise Technologies, 80, 41-48.

Khlamov S., Savanevych V., Briukhovetskyi O., Pohore-
lov A.: 2017, Proceedings of the International Astro-
nomical Union, 325, 349-352.

Gaia Collaboration: 2016, A&A4, 595, Al, 36.

Fedorov P.N., Akhmetov V.S., Velichko A.B.: 2018,
MNRAS, 476, 2743-2750.

Pohorelov A.V. et al.: 2016, Eastern-European Journal of
Enterprise Technologies, 82, 42-49.

Pohorelov A.V., Khlamov S.V. et al.: 2016, Odessa
Astron. Publ., 29, 136-140.

Savanevych V.E. et al.: 2012, Kosm. nauka tehnol., 18, 39-46.

Savanevych V.E., Briukhovetskyi O.B., Sokovikova N.S.
etal.: 2015, MNRAS, 451, 3287-3298.

Savanevych V.E., Briukhovetskyi A.B., Ivashchenko Yu.N.
et al.: 2015, Kinemat. Phys. Celest. Bodies, 31, 302-313.

Savanevych V.E., Khlamov S.V., Vavilova L.B. et al.:
2018, Astron. Astrophys., 609, A54, 11.

Vavilova L.B. et al.: 2012, Kinemat. Physics Celest.
Bodies, 28, 85-102.

Vavilova .B.: 2016, Odessa Astron. Publ., 29, 109-115.

Vavilova 1.B. et al.: 2017, Proceedings of the International
Astronomical Union, 325, 361-366.





