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Abstract—Nowadays,  quick  technological  progress
provokes creation of a big amount of the information that can
be fed in different forms. There are a lot of different fields of
science that use high dimensional data sets to analyze them in
their researching. So, we need the data pre-processing methods
and data reduction models to simplify input data sets by
reducing unnecessary information. The paper deals with an
approach of CoLiTec (Collection Light Technology) software
to process in automated mode the different types of
astronomical information which is fed online in the form of
data sets or streams. Also the benefits of an usage of the
OnLine Data Analysis System (OLDAS) was described.
OLDAS helps with solving of the following Data Mining
problems, such as clustering, classification and identification.
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I. INTRODUCTION

The 21st century is closely connected with a huge
revolution that characterized by tremendous technological
progress. This progress provokes appearing of a big amount
of different data sets, streams, but data growth is ahead of
computing abilities of the existed machines. That's why it is
very important to optimize data stream processing by using
only necessary input data to allow improving the computing
abilities of machines. So, data mining has become under the
interest that has attracted a huge number of researches and
experimentation to improve efficiency and productivity in
different fields of interest.

What is the Data Mining? Data mining can be defined as
a process during which previously unknown, nontrivial and
hidden information will be collected in a larger dataset [1].
The data mining goal is extraction of the potentially useful
information from the given large input online stream or data
sets using necessary relationships, associations or patterns
within the data, and transformation received data into subsets
with understandable structure. These formed subsets will be
used for the effective analysis and using in the future.
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Il. PROBLEM STATEMENT

The new networks of automated ground- and space-based
observation systems and new surveys projects lead to a fast
growing of the astronomical data sets. These sets can be fed
in different forms, e.g. files stream, video stream, physical
data saved on the different servers. For example, the
Panoramic Survey Telescope and Rapid Response System
(Pan-STARRS) [2] currently contains two telescopes with
1.8-m aperture that located at Haleakala in Hawaii (Fig. 1).

Fig. 1. Panoramic Survey Telescope and Rapid Response System

Each telescope has a field of view that equals to 3-degree.
Both of them are equipped with the largest CCD-camera,
which records about 1.400 millions of pixels per image. Each
image requires about 2 gigabytes of storage and exposure
times will be up to one minute. Also the time for computer
processing (saving image to the storage) is equal to one
minute or even more. Since images are taken on a continuous
basis as an online data stream, more than 10 Terabytes of
data are obtained every night.

Also the Large Synoptic Survey Telescope (LSST) [3]
currently is under construction. It is a wide-field survey with
reflecting telescope, which has a primary mirror with
diameter 8.4 meters. The design of a telescope includes three
mirrors. Both of them have very wide field of view that
equals to 3.5-degree. Telescope uses a CCD-camera with
resolution of 3.2-gigapixel (Fig. 2).



Fig. 2. Large Synoptic Survey Telescope (LSST)

LSST will take images of the full sky every few nights.
There will be about 200 thousands of uncompressed images
per year that equals to 1.28 petabytes. The managing and
effective data mining and processing of the received from
telescope data sets will be a very difficult part of the LSST
project. Approximate requirements for the servers are about
one hundred teraflops of power and about 15 petabytes of
storage.

Such a big amount of the observational data requires a
big volume of the hard disks or clusters. All these
observational data can't be collected on a single universal
local server. So, the disturbed systems as well as clouds
technologies should be used for this goal, but how to process
the big and high dimensional data streams in an efficient
way?

I1l. TASK SOLUTION

The problems with classification and identification the
data sets are related to Data Mining problems. They can be
resolved in semi-automatic or automatic mode. Before the
applying of data mining algorithms, intelligent methods to
formed useful data, the pre-processing of it is recommended
or even required. Because data mining can accidentally
causes the misunderstanding when producing the significant
results that cannot be used in the future to predict behavior
and cannot be reproduced. Often, such results can appear
during investigating of too many hypotheses and performing
not properly testing of statistical hypotheses.

That's why the correct data selection is a necessary pre-
processing step in the analyzing high-dimensional data sets
or streams. It is considered to be a complex and time-
consuming problem. So, the main goal of optimization of the
data stream processing is an enhance the accuracy of
classification and reducing the execution time.

During pre-processing step the anomaly detection and
data cleaning are performed. Anomaly detection allows the
identification of the records with an unusual data. Some of
them except data errors can be interesting for the further

investigation. Data cleaning removes noisy, irrelevant,
redundant or missing data.
After pre-processing step the remaining useful

information in data set will be categorized into clusters,
based on the specific attributes. Clustering therefore breaks
down data sets into subsets, whereby the different elements
are assigned to the appropriate groups while the similar data
are grouped together. Then created subsets will be classified
by applying known structure to the new data.

Approach of CoLiTec (Collection Light Technology)
software (http://neoastrosoft.com) [4-6] can resolve data
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mining problems by using of the OnLine Data Analysis
System (OLDAS) that covers different scientific and
technological fields.

The main purpose of it is to bring together astronomical
observation results of ground- and space-based observation
systems, provide astronomers with the full-scope instruments
for accessing and analyzing of the collected data.

IV. COLITEC SOFTWARE

Software for data sets processing in automated mode is
necessary for the most effective astronomical observations.
This data set can be a survey given as series of frames.
Modern astronomical systems and telescopes, e.g. Panoramic
Survey Telescope and Rapid Response System (Pan-
STARRS) [2] and Large Synoptic Survey Telescope (LSST)
[3], allow taking a lot of frames of considerable sky area in
one night.

This is a big amount of the raw data sets that should be
processed. The main goal of this can be achieved using the
Data Mining approach.

This approach is provided by CoLiTec software [5, 6]
that allows processing of the input data sets or streams in real
time. The visual confirmation of results after processing is
also available.

With help of the CoLiTec software you can process the
observation data that is continuously formed during
observation (online stream). The processing pipeline includes
corrupted data rejection, brightness equalization of frames,
astrometry, photometry, detection of the moving objects and
others.

The CoLiTec software guarantees not only a high
efficiency of data sets processing but also a high accuracy of
the data measurements [4, 5, 7]. We provided the comparison
of statistical characteristics of positional CCD-measurements
between CoLiTec and Astrometrica [8] software with the
same set of CCD-frames. This comparison demonstrated that
the limits for reliable positional CCD-measurements with
CoLiTec software are wider than those with Astrometrica
one for the area of extremely low signal-to-noise ratio [9].

The On-line Data Analysis System (OLDAS) is a very
important part of the CoLiTec software. Using OLDAS you
can process the data sets and streams as soon as they are
successfully saved on the storage or uploaded to the server.
This approach allows speeding up of the processing with
preventing the collision. Also it provides the immediate
notification about the emerging issues for user.

Also OLDAS provides ability to process the Big Data in
real-time. For example, the data set that includes frames can
be used for real-time photometry. The result of processing
can be represented as light curves of the investigated variable
stars. These light curves will be created and visualized on
our server.

Some another CoLiTec software features are the
following: intraframe processing (estimation of the objects
position, astrometry and photometry reduction), interframe
processing (detection of the moving objects and trajectories)
and confirmation of the most interesting objects at the night
of their preliminary discovery.



According to Data Mining approach CoLiTec software
performs the following.

A. Pre-processing

During pre-processing step CoLiTec software in OLDAS
mode starts processing with the input data set or stream as
soon as they successfully received. These raw data will be
moderated before using in computing process. At this stage
unsupported and corrupted frames will be rejected. Only
useful information from data set will be used in computing
process.

B. Clustering

The remaining useful information in data set will be
categorized into clusters with help of specified attributes.
CoLiTec software uses the following attributes: equatorial
coordinates, telescope, filter type, object under investigating
and others. According to these attributes the appropriate
input data from set will be separated into subsets with similar
data.

C. Classification

Created after clustering subsets of data will be classified
by applying known astronomical structure of the raw data
that specified in Flexible Image Transport System (FITS)
standard by NASA [10]. FITS is the most commonly used
digital file format in astronomy. It is designed specifically for
scientific data and includes as well as various astrometric,
photometric or calibration information as the image
metadata. After input data set classification the FITS files are
sent to the processing pipeline.

D. Identification

While processing pipeline starts receiving of the
classified FITS files it identify types of them. For example, is
this FITS file a raw light frame or maybe it is service master-
frame that is used in frame's calibration (e.g. bias, dark,
darkflat, flat). If this is a raw light frame the processing
pipeline starts computing process.

E. Processing

Computing process consists of two stages: intraframe and
interframe processing. Intraframe processing is designed to
estimate the position of all objects (stars, galaxies, asteroids,
comets) in the frame at current moments. Also calibration,
background alignment and brightness equalization are
performed at this stage (Fig. 3). In OLDAS mode the
brightness equalization process has the following workflow:

° the frames

online searching for
directories;

in specified

searching for the required additional frames (bias,
dark, darkflat, flat) if they are not specified;

e creating of the appropriate master-frames;

o applying the inverse median filter.

Interframe processing is used to detect and estimate
moving objects trajectories. The core of CoLiTec
software based on the preliminary objects detection by
the accumulation of statistics that performed by multi-
valued transformation of the objects coordinates that
corresponds to Hough space-time transformation.
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Fig. 3. Brightness equalization with histograms (before and after).

CoLiTec has abilities for detecting very slow, very fast
objects and objects with near-zero apparent motion [5-7].
Range of velocities for detection is from 0.8 to 40 pixels per
frame. For example, the fasters NEO is K12C29D (40 pixels
per frame) or the object with near-zero apparent motion is
ISON C/2012 S1 comet (0.8 pixels per frame) [11].

Also CoLiTec software has the following features:
automated detection of the faint moving objects (SNR > 2.5);
working with the huge field of view (< 10 degrees);
automated calibration and brightness equalization; automated
astrometric and photometric reduction; deciding system of
the processing results allows adapting the user settings and
inform user about correct results at the each stage of
processing; automated objects rejection with bad or unclear
observations; multi-threaded processing support; multi-cores
systems support with the ability to manage individual
treatment processes.

CoLiTec software has the system for monitoring
processing messages with a detailed logging of handling
process and tracking system of all running modules allows
correct managing and terminating processes at any stage
without data losses.

Also CoLiTec software includes pipeline for digital video
processing. It is presented in form of the flexible platform for
receiving and processing video in any resolution. Also the
pipeline allows an easy integration of the different modules
for improving the image quality and detection of the moving
objects.

F. Summarization

After pipeline processing CoLiTec provides the different
forms of data set representation, including results
visualization and generation of report to different services.

CoLiTec software equipped with the modern viewer of
processing results LookSky with a user-friendly GUI (Fig.
4).

LookSky viewer can be run without the main program. It
can be used for independent review of the processing results
by CoLiTec during data processing of the main program.
With help of blinking method human can’t carefully analyze
all interesting objects in the frame.

The particularly serious difficulty for this is the frames
analyzing from the wide-field telescopes with a huge
aperture. Because about several tens of asteroids with slight
shine can be present simultaneously in telescope's field of



view. That's why automatic series of frames processing is
necessary to the modern astronomer.

Fig. 4. LookSky viewer of processing results.

V. CONCLUSIONS

The quick technological progress, new surveys projects
and networks of automated ground- and space-based
observation systems lead to the fast growing of astronomical
data sets that can be provided in the different form and
volume. A huge amount of the raw data sets are needed to be
processed, but trend of the data growth is ahead of
computing abilities of the existed machines. So, we suggest
using Data Mining approach for all goals that connected to
the processing of a big amount of data. As described in the
paper the Data Mining approach is very useful for the
optimization of data stream processing. It allows using only
necessary input data to improve the computing abilities of
machines. The good example of using the data mining
principles and stages of processing (anomaly detection,
clustering, classification, identification, and summarization)
is the CoL.iTec software [4-6].

With help of the CoLiTec software more than 1,500
asteroids were preliminary discovered, including 5 NEO, 21
Trojan asteroids of Jupiter and 1 Centaur. CoLiTec software
was used in about 700,000 observations, during which four
comets (C/2010 X1 (Elenin), P/2011 NO1 (Elenin), C/2012
S1 (ISON) [11], P/2013 V3 (Nevski)) were discovered.
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CoLiTec software is available at the following website:
http://neoastrosoft.com.
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