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JlanHas paboTa BBIOJTHEHA C IETHIO OIEHKH TOYHOCTH METoNa OOpabOTKH IUIAaCTUHOK H Jie-
TaxpHOTO HccinenoBanus ckanepa Epson Expression 10000XL, ¢ momomipio KOTOporo ormd-
posbiBatoTcst mwiactuHkd @OH (doTorpaduueckuii 00630p Heba) U3 KOJUIEKIHUH CTEKIOTEKU
ACTPOHOMHYECKOTO HHCTUTYTa AKaJeMun Hayk Y30ekucrana. [[ns o6paboTKu acTpormiacTu-
HOK HCIIONB3YeTCSl IpOorpaMMHOE oOecliedueHHe, CO3JaHHOe B IPOrpaMMHOM cpene
LINUX/MIDAS/ROMAFOT. U3 cpaBHEHUsI pe3yIbTaTOB 00paboTKU oluppoBaHHbBIX (HailioB
¢ rpajanusMu ceporo 8 u 16 OUT cjenana OIeHKa TOYHOCTH pa3pabOTaHHOTO METO/a Ompejie-
JIEHUS! TIPSIMOYTOJIBHBIX KOOpJAHMHAT U (hoTOMETpHH. J{JIsl OLIEHKH TOBTOPSIEMOCTH acTPOMETPH-
YeCcKHX M (POTOMETPUYSCKUX OIMUOOK CKaHepa ObLIM 0O0pabOTaHBI MO MIECTh TOCIEIOBATEIb-
HBbIX CKAaHOB OJIHOM IJIACTHMHKHU C MPOCTPAaHCTBEHHBbIM pazpewmeHuem 600, 900, 1200, 1500,
1800, 2100, 2400 u 2540 dpi.

KuiroueBble ciioBa: 3Be3/HbIC KaTanord, o0paboTka orupoBaHHBIX IUIACTHHOK, (GoToMerpus, (Goro-
METpHYECKas CHCTEMA.

This paper performs to research in detail the Epson Expression 10000XL scanner for photo-
graphic astroplate archive of the Ulugh Beg Astronomical Institute (UBAI) of the Uzbekistan
Academy of Sciences. For processing the astroplates, it is used special developed software in
the LINUX/MIDAS/ROMAFOT. The test plate was digitized with grayscale 8 and 16 bits
with various scanner resolutions. Astronomical and photometric parameters were carried out
from the plate and an evaluation of the developed method accuracy for determining rectangular
coordinates and photometry. The repeatability of astrometric and photometric errors of the
scanner for the digitized resolutions, 6 successive scans of every plate with a spatial resolution
600, 900, 1200, 1500, 1800, 2100, 2400 and 2540 dpi were processed.
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I. Introduction

The Ulugh Beg Astronomical Institute (UBAI)
of the Uzbekistan Academy of Sciences has been
operating for almost a century and a half. It is one of
the oldest research institutes in Central Asia. It was
first established as the Tashkent Astronomical
Observatory (TAO) in 1873 and reorganized as the
UBAI in 1966.

In 1895, the first astronomical observations were

commenced with the installation of the Tashkent
Normal Astrograph (TNA) in TAO. UBAI received a
great number of photographic plates using the
photographic plates which are reserved in UBAI plate
archive.

The UBAI photographic plate archive contains
two observation periods. The first period was 1895-
1986, and observations during this period were car-
ried out by TNA. The second observation period was
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from 1975 to the early 2000-s. In this period, it was
used the Dual Astrograph of Zeiss (DAZ) installed at
the UBAI International Latitude Station (Kitab Ob-
servatory) in 1975. During the whole period the data-
base of photographic data had been continually re-
filled and today about 20000 unique glass astroplates
are reserved in the UBAI archive. Furthermore, the
archive comprises the “golden fund” of the DAZ — a
photographic overview of the sky and these observa-
tions were carried out within the framework of the
project FON (Photographic Sky Survey, Russian ab-
breviation is FON).

Nowadays, we cataloged the archive plates in
accordance with international format. Usually, it is
used the Epson Expression 10000XL flatbed scanner
for digitization of observation data at many observa-
tories around the world. This work present ca6=0.07"
for equatorial coordinates, the methods and
processing results of digitized images, scanned with
various spatial resolutions from 600 to 2540 dpi.

II. Processing of digitized astroplates

In FON project [1, 2] the process of taking out
profitable data from digitized photographic plates
contains basic steps in below [3, 4]:

1. Digitization of astroplates using commercial
flatbed scanner Epson Expression 10000XL with the
light transmitting mode/with various resolutions/color
depth is 16-bits gray. Plate sizes are 30x30 cm or
13000x13000 pixels, the scale is 1.45"/px [5, 6].

2. Transformation of all images from 16-bits TIF
(Tagged Image File) format to 8-bits FIT (Filtering
Integration Technology) format (General Image Ma-
nipulation Program-GIMP) package using the GNU
(Gnu Not Unix) image manipulation program.

3. Computation of rectangular coordinates (X,
Y), diameters of the object image / (FWHM - Full
spectrum Width at Half Maximum) and photometric
instrumental magnitudes m for all objects determined
on the astroplates.

4. Disconnection of listed objects into two expo-
sitions [7].

5. Formation of an additional data file for defin-
ing the rectangular and equatorial coordinates of ref-
erence stars.

6. Astrometric contraction for all celestial ob-
jects in the equatorial coordinate system (a, d) of the
Tycho-2 catalog at the observation epoch.

7. Evaluation of photometric instrumental stellar
magnitudes m in the system of photoelectric magni-
tudes B,. [8].
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It is used the Epson Expression 10000XL scan-
ner to digitize the plates of the Kitab part of FON
project for generating a catalog of B-magnitudes and
equatorial coordinates of stars [9-12] and performing
the missions of some observational programs [13-15].
Accuracy of astrometric and photometric characteris-
tics of commercial scanners are explored in the refer-
ence [16, 5, 6, 17-20].

Plate No.399 was used for researching the Epson
Expression 10000XL scanner accuracy characteristics,
which was revealed on December 10.1982 with the
DAZ under the FON project.

Figure 1 shows the fixed objects in the plate are
mapped as produced by processing it using MI-
DAS/ROMAFOT environment.
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Figure 1. The map of the registered stars in the plate
No0.399 of the FON project.

III. Evaluation of processing accuracy of
digitized astroplates

The digitized images of the plates were obtained
in TIF format with 16-bits gray gradations. The digi-
tized frames are transformed to FIT format for
processing in the MIDAS/ROMAFOT package, and
the color gradations number could be arbitrary.
Dependence with the color gradation numbers of 16-
bits or 8-bits, the image sizes change to two times
affecting the volume of the disc 6,5=0.07"" for equa-
torial coordinates on the reserved disk. To evaluate
the possible losing of accuracy during the defining
photometry and coordinates of stars when the images
were changed from 16-bits to 8-bits, a comparison of
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their processing was made. Registered objects on the
plate with two exposures are short and long expo-
sures: 1 minute and 28 minutes.

In the MIDAS/ROMAFOT programming envi-
ronment, both frames are processed for each object,
then, we derived their photometric and astrometric
characteristics. As well as, we chose 3147 stars with

long exposure for investigating.
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These data were obtained for stars in the interval
B=7"-14". A limit of the magnitude for a long expo-
sure is approximately B=17.5". In accordance with
detailed studies, the quantity of uncertainties can be
two times larger for too faint stars. Since the RMS
values are less than 0.002" and 0.004 pixels for mag-
nitudes and coordinates, it could be inferred that
processing and digitizing astroplates can be done with
8-bit gray depth.

IV. Scanning results and scanner errors repea-
tability

Six seriated scans of the plate were processed to
evaluate the astrometric and photometric uncertain-
ties of the scanner. Digitization was carried out with
various spatial resolutions: 600, 900, 1200, 1500,
1800, 2100, 2400 and 2540 dpi.

-o003 f ax —— :
E sf [ k= "2881 ]
1, 9=00Bpx, .,  1b]
5000 10000
k= 2013
1, G = 0015 px, T
5000 10000
T T
1, G = 0018 px, o, 3]
5000 10000
A B
.u‘Elq-.ﬂ.‘m? px, P .4!’5
lljl.lll llnl.llk i . Fi . . 5000 10000
-0.010.00 0.01 dX -0.010.00 0.01 dY -0.010.00 0.01 dm -00:00002 df o5 I" T I ey T T
0.0 |- : " 0
L ) I ]
. . 5af, 0 = 0015 5b ]
Figure 2. ~The differences between the.ca}lculated values pf “; s e £ F— wg: T
photometric and astrometric characteristics for the 16-bits 4 T T T oz ]
and 8-bits images. 0o - or ]
05 Ly iy, BB gS0014px 6D
Figure 2 shows the outcomes of comparison in 0 5000 10000 0 5000 oo X
the form of distinctions among the calculated values N prrerrrrerrrrrerrrerrmprrereprrr e e e
of the diameters of the objects. The different values le 2 3 4e] be Be
with 16-bits and 8-bits for photometric (Ic, 1d) and s} = 4+ ° H H B H
. . . o o [=]
astrometric (1a, 1b) characteristics of stars connected L2 8 g | g
to the rectangular coordinates (X, Y), instrumental A v
stellar magnitudes m and diameters of the celestial | *[{ 51> [| ¥ | 4
objects f for the frames are given in Fig. 2. i
The different values of m and f are consistent L 1
with faint and bright stars. The digitization methods o Nl . o of /Lol S

differ from each other and the mean errors (RMS) of
these differences are given 2a-2d in Fig.2, these dis-
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practical (continual lines) distribution functions over
the corresponding intervals £. This figure also shows
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Figure 3. The difference trend of 6 consequent scans for X
coordinate and frequency distribution.
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The divergences of six seriated scans respective
to the average scan values for the X coordinates
(la—6a) are shown in Fig. 3. The results are given in
the same figure on the right panels (1b—6b) after cor-
recting systematic errors of the different values for
each scan. In the right panel, the RMS of differences
of coordinates and the number of studied stars (k) are
given. Figure 3 also gives the frequency distribution
of these distinctions.

Differences are given as theoretical (dashed
lines) and practical (solid lines) distribution functions
for the suitable intervals. The interval length values
of X* and Ax is shown. In a similar way, Fig. 4 and 5
represent the divergences and characteristics for the
magnitudes m,=0.07"" for equatorial coordinates and
the Y coordinates. Figures 3—5 present the results for
brighter stars than B<14". The defining errors of the
magnitude interval is ,=0.006"-0.009", for rectan-
gular coordinates of one defining errors of the diver-
gence are 6,,~0.014-0.028 px.
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Figure 4. The difference trend of 6 consequent scans for
the Y coordinate and frequency distribution

©Academy of Sciences of Republic of Uzbekistan, 2022

Am
0.1
0.0

-0.1

T

T

=0.1

=4

o
Lol 4
LML

8¢
TTTT

T

—
o
e 3
o 4
£
o
o
o
(=]
(]

0

paleoaleataabiadenatpuatoahia oo ebonatoahialonalonelosbialonalopalosbialonalonalyy

~0.040.00 0.04 -0.040.00 0.04 -0.040.00 0.04 -0.040.00 0.04 -0.040.00 0.04 -0.040.00 0.04 dm

my

o L o o o AR

L 800 dpi 900 dpi + 1200 dpi 1500 dpi
15 + # 1 E
10 - E 1 1

[ o=o0100m | 0=0132m [ ¢ =0151m | 0= 0177m |

| n=2010 @] n=2828 bl n=3oea ©] n=asz1 d|]
5 |I||||I||-|I= |I|-||I||||I= |I-|||[||r||= el s ool gl

& 10 5 & 10 15 & 10 15 6 10 15mg
my

R RE SRR R AR RA SRR AR RS R AR A A S AR AR R AR RS

- 1800 dpi 1 2100 dpi 2400 dpi 2540 dpi A
15 - - 1
10| E E

[ o=o017m | o=0189m [ o =o019"m | o= 0205m ]

| n=3504 €] n=azez T ] n=2988 &) n=270s h|
5 |I||||I||||I= |I||||I||||I= il ool lgde b saalyaagly

5 10 15 5 10 15 5 10 15 5 10 15mg

Figure 5. The trend of differences for the instrumental
magnitudes m and the frequency distributions.
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We can give the following conclusion. The Ep-
son Expression 10000XL flatbed scanner with espe-
cially prosperous software permits us to digitize and
process astronomical plates and getting the characte-
ristics of objects with an error not worse than 0.07"
and 0.02" developed for faint objects (B=16", 17.5™)
these values are about twice as large. Such an output
for the scanning mode: 1200 dpi.

Figures 6—8 represent almost the same outcomes
with the 2400 dpi mode. These results show that it
was obtained errors for rectangular coordinates
6,=0.016-0.056 px, then the errors in determining
instrumental magnitudes do not transcend the values
6,=0.006"-0.008". For the 2400 dpi mode, the scale
factor is 0.723"'/px for astrometry, getting equatorial
coordinates when processing the plates digitized on
the scanner must be better than 6<0.05"".
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Figure 6. The trend of differences of 6 consequent scans
for the X coordinate and frequency distribution for the

2400 dpi scanning resolution.
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Figure 7. The trend of differences of 6 consequent scans
for the Y coordinate and frequency distribution for the
2400 dpi mode. 6,;=0.07" for equatorial coordinates.

As stated above, in this paper six consequent
scans of plate N0.399 were performed for each mode
(600, 900, 1200, 1500, 1800, 2100, 2400, and 2540
dpi). For every mode, the object characteristics were
received.

Table 1 gives the average error data for scanner
modes from 600 to 2540 dpi: k' — star numbers; c,, 6,,
o, and oy — the mean average values of the standard
errors for determining photometric quantities and rec-
tangular coordinates. The last column represents the
scan scale in "'/px.
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Figure 8. The trend of differences for the instrumental
magnitudes m and the frequency distributions of the
differences for the 2400 dpi scanning mode.

Table 1. The RMS errors of instrumental stellar magni-
tudes and definitions of the rectangular coordinates for var-
ious resolution scanning modes.

dpi ‘ k' | o, ‘ Gy ‘ O ‘ of ‘ scale
600 1833 0.020 0.014 0.008 0.039 2.893
900 2048 0.013 0.024 0.004 0.017 1.928
1200 2881 0.017 0.021 0.007 0.028 1.446
1500 2887 0.020 0.037 0.009 0.051 1.157
1800 2795 0.019 0.024 0.004 0.027 0.964
2100 2578 0.016 0.027 0.008 0.078 0.826
2400 2129 0.035 0.018 0.007 0.061 0.723
2540 1752 0.070 0.045 0.008 0.082 0.683

Figure 9 represents the connection between the
values of short (m;) and long (m;) exposures for
scanner modes. We reported the number of re-
searched stars n in each scanner mode. The connec-
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tion between m; and m, is non-linear, and the photo-
metry errors ¢ (their values are given on the panels)
increase with increasing scanner modes.
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Figure 9. Connection between instrumental magnitudes for
various scan modes.

V. Shortening errors in the Tycho-2 equatori-
al coordinate system

In the field of 5.5°x5.5° at the estimating syste-
matic scanner errors Ao, and Ad with the reducing of
the rectangular coordinates (X, Y) of objects to the
equatorial coordinate system o,  in the Tycho-2 cata-
log, tangential coordinates &, n have been calculated
by the least squares method in accordance with ex-
pression (1):

& =a+a, X[, +aY f; +a,Rm; +asf,; +zblm)(ilzm )
N =q+oX fi+alfi+aRm +osf; +Zd1mXZ)§m,
(=0-6,m=0-6,l+m=n, n=1-06),

(1)

where i = 1, 2,..., n is the number of reference stars
from the Tycho-2 catalog system on the plate; X;, Y; —
the coordinates and R; — distances of the star images
corresponding to the plate center; m; — the instrumen-
tal value of objects and f; — stars diameter; a,, as, a4
and ¢,, ¢;3, ¢4 are the coefficients responsible for the
comma; as and cs are coefficients that take into ac-
count the effect of the brightness equation; b, and d,
are six-degree full polynomial coefficients that de-
scribes the telescope optics aberrations, loaded by the
systematic errors of the scanner.
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Figure 10 represents errors distribution in the

form of divergences Ao in defining the equatorial -w ]
coordinates o before (left) and after (right) correc- - g = o100 2a |
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Ac 0 5000 10000 15000 0 5000 10000 15000 X

210 ap The results: The number of Tycho-2 reference

-eie 4 stars’ (N), magnitude errors (o,,) for scan modes and
21| errors in evaluating the rectangular coordinates (X, Y)
T 20000 X OF Objects in the equatorial coordinate system of Ty-

68 | 2400 api ] cho-2 catalog stars (o, o0;) are given in following
desir— 1 Table 2.
2g ] . .
et -g-i Table 2. The RMS errors of the equatorial coordinates’ de-
. ls?m ﬂ:m finitions and magnitudes for different resolution scanning
2540 dpi modes.
2h dpi ‘ N ‘ Oy ‘ Gs ‘ Gm ‘ scale

500 20000 X 600 1275 0.104 0.109 0.122  2.893

900 1282 0.071 0.083  0.103  1.928
Figure 10. The distribution of the errors of determining the 1200 1487 0.067 0.070 0.139  1.446

equatorial coordinates a before (left) and after (right) 1500 1472  0.066 0.070 0.124 1.157
amendments for systematic errors of the scanner. 1800 1120 0.055 0.055 0.120 0.964
2100 1144  0.057 0.052 0.128  0.826

2400 868  0.060 0.066 0.129 0.723

2540 854  0.053 0.055 0.137 0.683

— — 0.067 0.070  0.125 1.328
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VI. Errors of reduction of stellar magnitudes
in Johnson’s System B.

Processing of the measured stellar magnitudes m
of celestial objects in Johnson's B, photographic sys-
tem was obtained from the characteristic curve of as-
troplates. The characteristic curve is constructed us-
ing photoelectric measurements of stars from the [22]
catalog and B, values from the Tycho-2 catalog. In
the paper [23], the constructing process a characteris-
tic curve for stars with two exposures is depicted.

The characteristic curves were approximated by
solving the equations by the least squares’ method us-
ing the expression (2):

B =¢+e,X; +eY +eR +eR’ +eR' + X f,m!
(n=1+5)
(2)

where i=1,2, ..., n is the photoelectric determinations
standard stars number on the plates. R; — distances,
X;, Y; — coordinates of the star images relative to the
center of the plate. m; — the magnitudes of the stars.
The coefficient f, is consistent with the functional de-
scription of the curve. e, e3, ¢4, e5; — the coefficients
of the photometric equation of the field.

The equation (2) was chosen to minimize pho-
tometric processing errors in the system of B,.. pho-
toelectric standards. Reduction errors (c,,) of instru-
mental quantities (m) to the Johnson system B are
presented in the fifth column of Tab. 2.

VII. Conclusion

Based on the analysis and calculations, the au-
thors conclude that a single measurement errors for
different scanning resolutions are ¢,~0.13 m for pho-
tometry and 6,=0.07"" for equatorial coordinates. The
results of processing digitalized plates with 8-bit or
16-bit color gradations are determined. The Epson
Expression 10000XL scanner is acceptable for per-
forming astrometric and photometric work within the
accuracy limits for photographic plates. Researches
show that the most optimal option for digitizing is a
mode with a spatial 1200 dpi resolution. High resolu-
tion modes require a considerable magnification in
processing time and do not improve the accuracy for
the results. For example, for astronegatives with size
of 30x30 cm, scanning time with a resolution of 2400
dpi is about 20 min and with a resolution of 1200 dpi,
it is about 8 min.

©Academy of Sciences of Republic of Uzbekistan, 2022

Currently, the UBAI photo archive stores more
than 15000 astronegatives (the total number of digi-
tized records is about 2700 photographic astroplates
of the FON project). Digitization was carried out in
1200 dpi/16-bit/gray mode. Within the framework of
the FON project, a photographic catalog of B-
magnitudes of stars and equatorial coordinates has
been created. This catalogue is available at the link
http://vizier.u-strasbg.fr/viz-bin/VizieR ?-source=1/346.
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Pakamiiamrupuiran (doTonnacTunkagapaaH
acTpoMeTpUK Ba (OTOMETPUK NapaMeTpJapHHU
0JINII YYYH CKAHEP CHHOBH

K. ﬁynuomenl, M. MyMnHOBZ, B. AHIIPYK3, II. Oram-
oepaues’, C. T)"fpaeB2

V3P DA ACTpOHOMHS HHCTHTYTH, ACTPOHOMHS Kydu. 33,
100052, Tomxent, Y36ekucTon

ZAHIIKOH [aBIAT YHHBEPCHTETH, YHHBepcHTeT Kyu. 129,
170100, AHmmKoH, Y36eKHCTOH

3Ykpanna ®A Bom ACTPOHOMHK 0GCEpBATOPHSCH, aKAIEMHK
3abonoTHbIN. Kyu. 27, 03143, Kues, Ykpanna

V3P DA ACTpPOHOMHS HHCTHTYTH
®OH (dDotorpaduuecknit
O030p Heba) moiimxacu acocuaa OJUHraH — (POTO-
IUIACTUHKAJIApHM ~ pakamJalITHpuII — acocuaa  Epson
Expression 10000XL ckanepuHu OaTaQCri Ta KUK KFTHII
Ba TacBUPJApHH KalWTa WOuiam (TaxJwl — KHJIKII)
ycrryOnapy aHWKIWUTHHU —0axojaml WIUIapyd — amaira
OLLIMPUIIIN. ActporacBupiiap (paKamIanTHpHITraH
(hoTommacTuHKaIAp) LINUX/MIDAS/ROMAFOT
JacTypyap NaKeTHAa SpaTWiIraH AACTypUil TabMHHOTAAH
(dolimamanran xonga KaWta wnuiaHau. 8 Ba 16 OUTIHM
KyJpaHI TacBUpJApHH KaifiTa WOUIall HATWKaJapH
TAKKOCJIAaHANW Xamja TYFpu Oypyakiii KOOpAWHaTajap Ba
WHCTPYMEHTAI [OJIy3 KAaTTAIMKIAPUHM aHMKJIall Y4yH
WIUIa0 YMKWITaH YCIYyOHUHI TYFPWINTH OaxojaH/au.
CKaHepHHHI AaCTPOMETPHK Ba (OTOMETPUK XaToJapH
TaKpOpUHIMIMHU Oaxojamr ydyH Outra QoToruac-
tuakanuar 600, 900, 1200, 1500, 1800, 2100, 2400 Ba
2540 dpi pexumiapma KeTMa-KeT ONTHUTANaH CKaHEpJIall
Ba KaiiTa MIUIanl TEKIUPYBIAPH YTKAZUIIH.

Mazkyp wumna
dotorpaduk  apxuBUIarU

Kamur cy3nap: rongy3 katanoriap, (OTOIIACTHHKAIapHU
pakamanTupuii, GoTomMeTpus, GoToMeTpUK TapTHO.
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