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ABSTRACT. Catalogue of 13.4 million stars down to
17.5™ was obtained in 2017 by using plates from the Kitab
Observatory of Ulugh Beg Astronomical Institute (UBAI)
of the Uzbek Academy of Sciences. Kitab's part of Photo-
graphic Sky Survey (Russian abbreviation is FON, in next
contexts) project include more than 2600 photographic
plates, exposed on the Double Astrograph of Zeiss (DAZ,
D/F = 40/300, 69"/mm) from 1981 to 1996. Digitization
of these plates was made by using Epson Expression
10000XL scanner with the 1200 dpi resolution. Catalogue
includes objects from the 1963 plates in declination zone
between -20° and +2° for middle epoch 1984.97. The
equatorial coordinates of objects were determined in the
Tycho-2 reference system and the B-magnitudes in the
system of the photoelectric standards. Five participants
from Uzbekistan, Germany and Ukraine have taken part in
the processing of the digitized images. The average inter-
nal accuracy of the catalogue for one observation are
0.23" and 0.15™ for the equatorial coordinates and B-
magnitudes respectively. For the stars brighter than 14™
the errors are 0.09" and 0.05™ respectively. The analysis
of the catalogue and its comparison with the several as-
trometric catalogues was done.

Keywords: photometric — methods: data analysis — cata-
logs, virtual observatory tools — astrometry — techniques.

1. Introduction

Kitab observatory is the branch of UBAI and exists
since 1930. This observatory was organized on the
initiative of prof. M.F. Subbotin (1893-1968), appointed
in 1922 by the director of the Tashkent Astronomical
Observatory (formerly name of UBAI). This is only in the
Central Asia and unique place of five world latitudinal
stations where is located on the same geographical
parallel. It is located on the +39°08' parallel.

In 1975, a double astrograph of Zeiss was installed to
conduct observations in the Kitab and from 1980 to early

2000, several thousand observational data were obtained.
Most of these data were obtained under the FON project.

Photographic Sky Survey (abbreviation in Russian is
FON) project was initiated by the Main Astronomical Ob-
servatory of the National Academy of Sciences of Ukraine
(MAO NANU, Kyiv, Ukraine) (Kolchinskii, 1977) and
observations were made at six observatories such as Go-
loseevo, Zvenigorod, Dushanbe, Abastumani, Zelenchuk
and Kitab. These observatories were equipped with 40 cm
Double Astrograph of Zeiss (DAZ) and wide field astro-
graphs with the same aperture, but focal length were 200
and 300 cm. The observations of the sky zone from -20° to
+28° according to their declinations on the same astrograph
(DAZ, D/F = 40/300) in Kitab, were made with a shift of
the centers of photographic fields on two degrees by decli-
nation and four degrees by right ascension (Fig. 1). The
photographing of each field was conducted with two ex-
posures (long: from 22 to 28 minutes and short: from 40 to
75 seconds) on the same photographic plate with the shift
on both coordinates. The duration of the long exposure
was chosen in such a way to obtain images of stars down
to 16-17 magnitude. During 1981-1996 more than 2600
astronegatives were taken under the project. The main part
of these plates consists of the southern sky (more than
1900 plates with full overlapping) and selected fields in
the northern sky. The Kitab observatory had successfully
completed its task under the FON project.

KITAB, UBAI UAS, DAZ(D/F=40/300), 1px=145", M=69"/mm
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Figure 1: The overlapping scheme of photographic
plates obtained in Kitab.
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2. Processes of digitization and compiling the
catalogue of the southern part of FON project in
Tashkent

In 2014-2015 all astronegatives in Kitab were trans-
ferred to the UBAI in Tashkent (Uzbekistan) and digitiza-
tion and systematization of these plates was started. In
2016, all plates of the project were scanned using flatbed
scanner Epson Expression 10000XL. Totally 1963 astro
negatives (cover sky by declination from -20° to +2°)
were processed for compiling the catalogue. As before
mentioned, for the digitizing of astronegatives a commer-
cial scanner Epson Expression 10000XL was used. The
spatial resolution is 1200 dpi (Protsyuk, 2014c, Protsyuk,
2014d) and size of the scanned images was up to
30x30 cm or 13000x13000 pixels (1px=1.45"). For ob-
taining useful information from digitized astronegatives
following steps have been done and for processing the
scanned images common method which was developed
and has been applied in practice in the MAO NASU
(Andruk, 2012, Andruk, 2015b) was used:

1. Image conversion from tiff to fit using the GIMP
package after scanning astronegatives.

2. The processing of the scans using the
LINUX/MIDAS/ROMAFOT package to obtain the rec-
tangular coordinates X, Y and instrumental magnitudes of
registered objects.

3. The separating of the registered objects into two ex-
posures for each digitized plate (Andruk, 2012).

4. The creating of the files with the reference stars for
each digitized plate using the Tycho-2 catalogue (Protsyuk,
2014b).

5. The creation of an additional file for the determina-
tion of the relationship between the rectangular and equa-
torial coordinate systems of reference stars.

6. Correction of the rectangular coordinates of regis-
tered objects for systematic errors.

7. Reduction of the rectangular coordinates X, Y of reg-
istered objects in the system of equatorial coordinates a, &
of the Tycho-2 catalogue.

8. Conversion of the instrumental photometric values of
objects to the system of photoelectric B, stellar magni-
tudes of the Johnson's system (Andruk, 2017).

For the calibration of the characteristic curves of the
photographic plates, the recording photometric field errors
and the conversion of the instrumental photometric values
to the system of photoelectric B, stellar magnitudes of the
Johnson system were used data from the catalogues
(Relke, 2015).

The equatorial coordinates and the photometric B-
magnitudes of registered objects were obtained for all
scans using specially developed software in the
LINUX/MIDAS/ROMAFOT (Andruk, 2010), which was
described in (Yatsenko, 2011, Muminov, 2012, Protsyuk,
2014a). This software has already been successfully ap-
plied for the processing of the scanned images of Kyiv’s
part of the FON project to create a new photographic cata-
logue down to 16-17 stellar magnitude (Andruk, 2016a,
Andruk, 2016b).

2.1. Astrometric and photometric reduction

At the stage of diagnosing the systematic errors of the
scanner Aa and AJd and at the stages of reduction of the
rectangular coordinates X, Y of the objects to the system of
equatorial coordinates a, & of the Tycho-2 catalogue, the
tangential coordinates ¢ 7 and B-magnitudes were
calculated using the method of least squares by formulas
of the form (1) and (2), respectively:

E=a+a, X, [, +a) f,+a,Rm +a,f, +Zb,meYi'"
{ni =q+c,X, f+cY f,+c,Rm; +csf, +Zd,le.1Yl.'” (1)
(I=0+6,m=0+6,l+m=n,n=1+6)
B =e +e, X, +eY +e,R +eR’ +anml.”

(n=1,2,..5) &

where i = 1, 2, ... N is the number of stars in the Tycho-2
catalogue on the plate; X;, ¥; and R; are the coordinates and
distance of the image of the stars relative to the center of the
plate; m; is the instrumental photometric magnitudes of the
stars; f; is FWHM of the stars; the coefficients a,, a3 a, and
¢, €3, ¢4 are responsible to the coefficients of as, ¢s which are
taken into account the influence of the light curve (calculated
separately); the coefficients of the full sixth-degree
polynomial (27 terms) b, and dj, in the generalized case
describe the aberrations of the telescope optics, weighed
down by systematic scanner errors; the coefficients e,, e3, e,
es are responsible for the photometric equation (photometric
error) of the field, and the coefficients f;, £, f3 fi f5
correspond to the functional description of the type of
characteristic curves themselves. The equation (2) is chosen
as optimal, minimizing the photometric reduction errors in
the B, photoelectric standards system.

2.2. Compiling the catalogue and its accuracy

The catalogue of Kitab consists near 13.4 million stars
and galaxies up to 17.5™ for the middle epoch 1984.97.
The equatorial coordinates were taken in the system of
Tycho-2 and the photographic magnitudes in the system
of Johnson. For compiling the catalogue 1963 astronega-
tives of Kitab observatory were processed. The quantities
of the processed plates by zones are shown in Table 1.
The linear size of the plates is around 30x30 cm or
13000x13000 px. The field of view of the telescope or sky
area on the plates is roughly 5.5°x5.5°.

Table 1: Number of processed plates in zones

Zone N Zone N
0 179 -10 180
-2 174 -12 182
-4 234 -14 201
-6 228 -16 177
-8 240 -18 168

In the second step of processing of 1963 plates, around
130.98 million objects were registered. After the procedures
of mutual identifications, the average number of
measurements of the stars and galaxies is /=4.4, and near
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1.25 millon stars and galaxies (9.38% of the total number)
are also added to the catalogue which were measured once.
The number of stars by magnitudes is given on Fig. 2.
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Figure 2: Number of stars by B-magnitudes.

The criteria of the identification and selection of candi-
dates of the stars and galaxies in the overlapping zones is
given below:

1) the difference between equatorial coordinates should
not be greater than the size of the one pixel;

2) the difference between stellar magnitudes should not
exceed + 2™ (because of the accounting of variable stars).

If the candidate was identified at least on two plates it
was according to the criteria, otherwise it was estimated as
object of the catalogue.

In the Table 2 the distribution of internal errors of de-
fined equatorial coordinates o, o5 photometric magni-
tudes op,,, FWHM, intensity at the center of object and
number of stars and galaxies on the intervals of stellar
magnitudes of the catalogue are given. The average errors
are provided at the top of the table 2 and their correspond-
ing values are equal: 0,=0.225"; 05=0.234"; O'Bph:().154m.
Calculated errors of equatorial coordinates by declinations
are shown on Fig. 3. The errors of equatorial coordinates

and magnitudes as the function of B-magnitude are shown
on Fig. 4.
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Figure 3: Estimated errors by declinations of the stars.
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Figure 4: The errors of RA, DEC and magnitudes accord-
ing to B-magnitudes.

Table 2. The internal errors of the defined equatorial coordinates and stellar magnitudes of the catalogue.

B, o, o5 OB FWHM Intencity k
1 5.72 0.180 | 0.195 0.097 83.4 113.7 226
2 6.57 0.231 0.224 0.143 79.2 109.2 1276
3 7.58 0.287 | 0.283 0.186 69.4 105.6 3828
4 8.56 0214 | 0.199 0.140 54.1 100.4 9250
5 9.56 0.109 | 0.107 | 0.092 34.6 100.2 20863
6 10.56 | 0.065 0.068 0.059 214 95.3 48313
7 11.56 | 0.050 | 0.053 0.045 13.7 87.2 110290
8 12.57 | 0.061 0.066 | 0.046 9.7 74.0 259387
9 13.56 | 0.093 0.103 0.056 7.7 57.8 591427
10 14.55 0.112 0.123 0.074 6.8 40.1 1197019
11 15.54 0.156 | 0.165 0.108 6.3 23.9 2208206
12 16.53 0.236 | 0.244 0.172 5.9 13.1 3562269
13 17.55 0317 | 0.325 0218 5.6 7.8 3726545
14 18.15 0.363 0.368 0.138 5.3 5.6 416800
Avg. 16.17 | 0.225 | 0.234 0.154 6.4 20.6 12155699
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3. Conclusion

In 1981-1996 in frame of the FON project more than
2600 photographic plates with 30x30 cm in size
corresponding to 5.5°x5.5° field of view were obtained in
Kitab observatory and this archive is stored at the
Astronomical Institute of the Uzbek Academy of Sciences
in Tashkent, Uzbekistan. The archive includes between
-20 and +28° of the sky by declination. As result of
digitization and processing of 1963 plates of the Kitab’s
archive the catalogue of near 13.4 million equatorial
coordinates and B-magnitudes of stars and galaxies down
to 17.5™ was compiled for the middle epoch 1984.97
(Pakuliak L.K., 2016, Yuldoshev, 2017).

The coordinates were defined in the system of Tycho-2
and photographic B magnitudes in the Johnson’s system. The
internal accuracy of the catalogue is ¢,,=0.23" and 65=0.15™
for all objects on the catalogue, ,5=0.085" and oz =0.054™
for the objects in 5™-14™, The convergence of the coordinates
with reference system of Tycho-2 and magnitudes with the
photoelectric B magnitudes is 0¢,5=0.042" (for 356 665
objects) and 65=0.16™ (for 6 719 objects) respectively. The
errors related to the UCAC4 catalogue are 0,5=0.26"
(identified 9 892 697 or 73.75% objects).

In addition, it is planning to digitize and process of
1600 plates of FON project in Tajikistan. This archive
covers from 0° to +90° of the sky (Mullo-Abdolov, 2017).

Interim results on the progress of compiling the
catalogue of Kitab’s part of FON program were reported
at the Gamov-2015 (Andruk, 2015a), Gamov-2016
(Yuldoshev, 2016a), and other conferences (Muminov,
2013; Muminov, 2016; Yuldoshev, 2016b).
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