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ABSTRACT. A new astrometric reduction of old
photographic astroplates benefiting from integration of
modern technologies such as the high precision digitizing
machines and the high precision Gaia DR2 catalogue
could be useful to study the orbital motion of Solar system
minor bodies. Based on the newly released Gaia DR2 star
catalogue, the scans of the photographic plates containing
images of Interamnia (704) taken by the Zonal Astrograph
of Mykolaiv Astronomical Observatory (MAO) in 1974-
1985 were re-reduced. For our investigation we used 29
plates from the UkrVVO archive digitized by commercial
EPSON scanner with 1600 dpi resolutions. Besides for 2
of them were digitized by the high precision digitizing
machine of Shanghai Astronomical Observatory of the
Chinese Academy of Sciences (ShAQO) with 2540 dpi
resolution. Almost all the plates have 3 exposures with a
small shift. Each of 29 plates was scanned 6 times by
EPSON scanner in 0° direction. The ShAO digitizing
machine scanned 2 plates also 6 times but 3 times in 0°
direction and 3 times in 90° direction. Totally, 85 asteroid
positions taken from 29 plates were derived. Only 5
asteroid positions were calculated from ShAQ scans.

The full identification was conducted and
coordinates of all objects were obtained with usage of
different options of astrometric reductions. The mean
inner accuracy of obtained asteroid positions is 0.03" in
RA and 0.14" in DEC for EPSON scanner and 0.014” in
RA and 0.013” in DEC for the ShAO digitizing machine
in 0° direction and 0.010” in RA and 0.011” in DEC in
90° direction. The comparison of the new topocentric
asteroid positions with Horizons ephemeris was made for
calculation (O-C) residuals and their RMS. The mean
residual differences between the scan obtained positions
and JPL calculated positions were (0.09 = 0.16)" in RA
and (-0.09 £ 0.25)” in DEC for the MAO digitized plates;
the calculated differences for the ShAO scans are close to
zero. Comparison of the results obtained with previous
reductions of these observations with Tycho2 and UCAC4
reference catalogues showed that the use of the Gaia DR2
reference catalogue does not lead to a significant
improvement in the random and systematic component of
the residual differences (O-C) for scans with EPSON
scanner from the UkrVVO archive. The results obtained by
processing images with the ShAO digitizing machine
suggest that in this case, the re-reduction of all
photographic observations based on the Gaia DR2 could

improve the accuracy of old photographic observations to
the level of modern ground-based CCD observations.
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AHOTALIIA. HoBi acTpoMeTpuyHi pemyKiii cTapux
(OTOIUIACTUHOK 13 BUKOPHUCTAHHSIM CYYaCHHX TEXHOJO-
Tiif, TAKUX SK BUCOKOTOYHI MAIIMHK I OU(pyBaHHS, y
TIO€IHAHHI 3 OIOPHUM BHCOKOTOYHHMM KaTajorom Gaia
DR2, w™moxytp OyTH KOPHUCHUMH [ BUBYCHHS
opbitanpHOTO pyxy Manmux Tin CoHA4HOI cucteMu. Jlns
CKaHiB (OTOIUIACTHHOK 13 300paXKCHHSIMH acTepoiga
Inrepamuis (704), mo Oyau oTpumaHi Ha 3OHHOMY
actporpadi MukonaiBcbkoi acTpOHOMI4HOI oOcepBaTopii
(MAO) y 1974-1985 pp., BUKOHaHO HOBI acCTpPOMETPHYHI
penykii. Iy HAaIIoro MOCHiIKCHHS MU BUKOpUCTAIu 29
IUIACTUHOK 3 apXiBy YkpBO, ouudpoBaHux KoMepLiiHIM
ckagepom EPSON 3 poszminmeHOrO 3pmathHicTio 1600 dpi.
Kpim toro, mBi 3 HuX Oynm onm(poBaHi 3a JOIMIOMOTOIO
BHUCOKOTOYHOI MamuHu At onudpysanns Lllanxaicpkoi
actpoHoMigHOi obcepBaropii (LIAO, KHP) 3 pozainsHOO
3matHicTIO 2540 dpi. Maibke Bci IDIACTHHKH MamTh 3
eKCTIO3MLIT 3 HEBEIUKHUM 3cyBoM. KoxHa 3 29 muiacTuHOK
Oyna ckaHoBaHa 6 pasiB ckanepoM EPSON y HanpsiMky
0°. OmudpysanpbHa mamuua [ITAO ckanyBanga 2 miac-
TUHKH TaKoX 6 pazis, asie 3 pa3u y Hanpsamky 0° ta 3 pasu
y Hanpsmky 90°. 3arajgom Oynu oTpumaHi 85 HoyoKeHb
acrepoima 3 29 miacTMHOK. 3i CKaHIB, OTPUMaHUX B
HTAO, 6yno oTpuMaHO JTHUIIE 5 TOJ0XKEHb aCTEPOINiB.

Byna mpoBeneHa moBHa ineHTH(IKAIiL Ta OTPUMaHI
eKBaTOpiallbHI KOOPAWHATH BCiX OO0’€KTIB 3 BHKOpPHUC-
TaHHAM pI3HUX BapiaHTIB AacTPOMETPUYHHUX PETYKIIiH.
CepenHst BHYTPIIIHSA TOYHICTH OTPHMAaHHX IOJIOKECHB
actepoina ctanoBuTh 0.03" 3a mpssmuM migHeceHHAM (RA)
i 0.14" 3a cxmwiennsm (DEC) mns ckamepa EPSON i
0.014" 3a RA i 0.013” 3a DEC pmns mammuu [TAO B
Hanpsamky 0°10.010" 3a RA 10.011" 3a DEC B HanpsMKy
90°. TlopiBHAHHS HOBHX TOIOICHTPUYHHUX ITOJIOKECHb
actepoiny Inrepamuis 3 edpemepumamu Horizons Oyro
MPOBEICHO TSI PO3PaxyHKy ocraTounux piszHuIip (O-C)
Ta iX cepemHbOKBagpaTHUHUX MoxubOok. Cepemni ocTa-
TOYHI PIi3HMII MDK OTPUMaHMMH 31 CKaHIB Ta poO3paxo-
BaHMMH TIOJIOXKEHHsIMU 3a edemepunoto JPL cranoBunm
(0.09 + 016)” 3a RA Ta (-0.09 + 0.25)" 3a DEC mus
IUTACTUHOK, 10 onudpoBani ckanepomM EPSON, a mus
ckanyBaHb IIIAO 3HayeHHS OCTAaTOYHHMX pI3HHIb He-
CYTTEBO BiIPI3HAIOThCA Bix HyJs. IIOpiBHSHHS pe3yIib-
TaTiB, OTPIMAaHUX 3 MOIMEPEIHIX aCTPOMETPHIHUX PEAYK-
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il IUX CIIOCTEPEkKEHD, M0 OYJI0 BUKOHAHO 3 OMOPHUMH
karamoramMu Tycho2 Ta UCAC4, mokasano, IO BHKO-
pucraHHs onopHoro kartanory Gaia DR2 He mpusBoanTh
JIO 3HAQYHOTO IIOJIIIIIEHHS BHIIAKOBOI Ta CHCTEMAaTHYHOI
cKi1anoBoi octatoyHux pizHUNG (O-C) mis 300paxeHb 3
apxiBy YkpBO, mo orpumano ckanepom EPSON.
PesynbraTi, oTprMaHi 3 BUKOPUCTAHHSAM 300pa’keHb, 10
3pobneno mMammHo© ITAO, 103BONSIOTH NPUITYCTUTH, IO
B IIbOMY BHUMAJIKy IOBTOPHI acCTPOMETPHUYHI pEemyKIIi
crapux QororpadidyHUX CHOCTEPESKEHb 3 OIMOPHHUM
katajorom Gaia DR2 MOXyTp MiABHIINTH TOYHICTH
MIOJIOXKEHb 3 (oTorpadivHUX IUIACTHHOK IO PIBHA Cydac-
Hux HazeMHHX [133 coctepesxeHs.

KurouoBi caoBa: Acrtepoinu, ¢ororpadidni crmocrepe-
KCHHs, epeMepuIn, OIOpHi KaTaJoTH.

1. Introduction

The studied astroplates were taken with the Mykolaiv
Observatory Zone astrograph (F = 2044mm, D = 120mm,
FoV 5° x 5°). The telescope was removed to Mykolaiv
from Pulkovo in 1959 with the aim to expand declination
zone up to —20° for Solar system minor bodies’
observations. The telescope has a four-element lens that
has a minimum of aberration. The regular observations of
selected asteroids with this telescope were conducted
during 36 years (1961-1997). Unfortunately, the low
aperture ratio of the instrument did not allow obtaining
good quality images for objects fainter than 12™. In total,
2450 positions of 19 asteroids of the main belt were
obtained. All observational data were processed in the
international ICRS system with the AC TRC reference
catalogue (Gorel et al., 2000). For the first time, the mean
accuracy of the positions of a long series of photographic
observations turned out to be better than 0.2", which
makes these observations valuable material for solving a
number of problems of ephemeris astronomy.

Since 2007, the work on digitizing glass plates in order
to saving and further using the old observations has begun
at the Mykolaiv Observatory (Protsyuk et al., 2007,
2014a; Vavilova et al.,, 2010, 2011). In 2016, we
processed images of 4 asteroids with EPSON scans in the
UCAC4 catalogue reference system (Zacharias et al.,
2013). Reprocessing results of plates with Interamnia
observations showed the repeats (O-C) of the system with
a slight increase in accuracy (Protsyuk et al., 2016). In
this paper, we present the results of astrometric re-
reductions of EPSON scans using the high-precision Gaia
DR2 (Gaia Collaboration, 2018) catalogue as a reference
catalogue, as well as preliminary results of processing of
the some scans obtained by the digitizing machine of the
Shanghai Astronomical Observatory (ShAO).

2. Plate Digitization

Digitization of astroplates at the MAO: we used Epson
Perfection V750 Pro scanner and each plate was scanned 6
times with 1600 dpi resolution with same methodic
(Protsyuk et al., 2014b, 2014c). Digitization of astroplates
at the ShAO: a new digitizing machine was used with
2540 dpi resolution and each plate was scanned 3 times in
2 directions (Zhao et al., 2017).

Table 1: Inner accuracy of coordinates (repeatability) for
the Interamnia asteroid (in 0°| 90° direction).

Cat, method RA, mas DE, mas Scanned
Gaia DR2, Max 121 153 MAO
Gaia DR2, Mid 83 142 MAO
Gaia DR2, No 19 372 MAO
Gaia DR2, Max 74|64 62|86 ShAO
Gaia DR2, Mid 63[77 55(81 ShAO
Gaia DR2, No 1410 1311 ShAO
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Figure 1. Difference in coordinate repeatability for the
Interamnia asteroid with the best methods (bold in Table 1)
for the MAO and ShAO scans.

3. Astrometric Reductions and Accuracy

The processing of the digitized images to extract asteroid
astrometry exploits methods that are quite similar to those
for CCD-based image data. The detailed description of all
steps of processing of digitized image of astronegatives
from the UkrVO archive is given by Protsyuk et al. (2014c,
2014d), Andruk et al. (2014, 2015), Pakuliak et al. (2020).
The scan processing includes such steps as follows:
preliminary filtering, choosing PSF (point spread function)
objects and scheme of astrometric reductions to calculating
the equatorial coordinates and magnitudes in a system of
the selected reference catalogues.

In this investigation we used UCAC4 and Gaia DR2
catalogues. The limited magnitude of reference stars were
13™. Also we check three different model of correction of
systematic errors for data from both scanners: “Max”
model with 6 iteration, “Mid” model with 4 iterations and
“No” model without any correction. For the MAO images
we use combined method with 4 iterations for declination
and no correction for right ascension (Table 1). Also for
the MAO scans we used only 5 from 6 images for all the
Interamnia observations with more good inner accuracy.
An inner accuracy of reference stars for the reduced MAO
images is from less than 0.1” for “Max” model to 0.5” for
“No” model. An inner accuracy for the ShAO images is
from 0.01-0.02” for “Max” model to 0.35” for “No”
model. In other case, we have another picture for accuracy
of the Interamnia coordinate repeatability (Table 1).
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4, Results

We have made the comparison of obtained topocentric
equatorial coordinates (O) with the ephemeris (C) one
provided by on-line service HORIZONS and have
calculated the residuals differences (O—C) in both
coordinates for different modes of processing. The mean
differences (O—C) and their standard deviation in both
coordinates are presented in Table 2. The last table row
shows values of the (O—C) for glass photographic plates
reduction from on-line resource AstDys-2 (https://newton.
spacedys.com/astdys/), where C—ephemeris positions are
calculated with OrbFit software.

As can be seen from the Table 2 and Fig. 2, the use of
modern reference catalogues with the high spatial
resolution (such as UCAC4 and Gaia DR2) for processing
the digitized images of photographic plates does not lead
to a significant improvement in the accuracy of asteroid
positions in comparison with the results obtained from
processing glass photographic plates. The expansion of
the reference system is mainly due to faint stars, and the
accuracy of their measurements is limited by the stability
of the EPSON scanner.

Table 2: Differences (O—C) and their standard deviations
for the MAO scans of Interamnia asteroid.

Cat, method RA, mas DE, mas N  Year
Gaia DR2, No -89 + 158 29 2020
Gaia DR2, Max 19 +299 -85+251 28 2020
Gaia DR2, Mid 5 +£281 -87 £257 28 2020
UCAC4, Max 34 +236 -131+£ 254 29 2020
UCAC4, Mid 324244  -144+242 29 2020
UCAC4 -149 + 178 -17 £188 29 2016
Tycho2, Max 77 + 246 -73+£277 28 2020
Tycho2 60+219 -1194312 29 2016
AC TRC -204 +£165 -874+208 29 1992
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Figure 2: Differences (O-C) for the MAO and ShAO
scans of Interamnia asteroid in Gaia DR2 system.

5. Conclusion

Digital scans of 29 photographic plates with images of
an asteroid (704) from the UkrVVO archive (Vavilova et al,
2010, 2011, 2012a, 2012b, 20144, 2020; Savanevych et al.
2015, 2018) obtained with the Zonn Astrograph during
1974-1981 were re-reduced in the Gaia DR2 reference
catalogue system. The average internal accuracy of the
asteroid obtained positions is 0.03"in RA and 0.14" in
DEC for the EPSON scanner; 0.014" in RA and 0.013" in
DEC for scans obtained by the ShAO scanning machine.
The mean residual differences between the positions
obtained from the scans and the positions calculated by
the JPL ephemeris HORIZONS were (0.09 + 0.16)" in RA
and (-0.09 £ 0.25)" in DEC for scans from the UkrVO
archive; the corresponding differences for the ShAO scans
are close to zero. Comparison of the obtained results with
previous reductions of these observations with the
reference catalogues Tycho2 and UCAC4 showed that the
use of the Gaia DR2 catalogue does not significantly
improve the random and systematic component of residual
differences (O—C) for the EPSON scans from the UkrVO
archive. The previous results for repeatability obtained
with scans using the ShAO scanning machine allow us to
suggest that re-reduction of old photographic observations
in the Gaia DR2 reference catalogue system could
increase the accuracy of old photographic observations to
the level of modern ground-based CCD observations.
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