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RESULTS OF MODERN PROCESSING
OF URANUS AND NEPTUNE PHOTOGRAPHIC OBSERVATIONS
FROM UKRVO ARCHIVES

The bulk of planet observations was obtained in Rl «MAO» and MAO NASU from 1961 to 1994. Plates from Al UAS were
used as well. Each plate of Rl «MAO» was scanned 6 times, the plates from other observatories were scanned once. All
images have been processed, most of them have been identified and the equatorial coordinates of all objects have been
obtained. Positional accuracy of the reference stars varies within 0.04"-0.30". Standard deviation of the planet position
ranges within 0.10-0. 12 pixels, that corresponds, depending on the scale, to the range from 0".08 to 0".26. The comparison
of new topocentric planet positions with JPL/HORIZONS ephemeris has been made. Differences (O—C) and their standard

deviation have been obtained.
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Ukrainian Virtual Observatory (UkrVO) has
many resources [ 1—5] that can be used for solving
various research problems. Here, we show a re-
search using the UkrVO resources containing ima-
ges of Uranus and Neptune, which started in 2014
[6]. The archives are mainly taken from RT «MAO»
(Zonal Astrograph, ZA (12/204), scale 101" /mm,
plate size 2020 cm, filed of view (FOV) (5x5)°,
epoch 1961—1994, exposure 3—5 min) and MAO
of NAS of Ukraine (Double Wide Angle Astro-
graph, DWA (40/200), scale 103"/mm, plate size
30x30 cm, (FOV) (8x8)°, epoch 1977—1983, ex-
posure 0.1—15 min; Double Long Focus Astrograph,
DLFA (40/550), scale 38" /mm, plate size 24 x 24 cm,
FOV (2.5%2.5)°,epoch 1963—1974; Zeiss 600 (Z600)
(60/750), plate size 6 x6 cm, FOV (0.5x0.5)°, epoch
1987—1990, exposure 0.1—18 min). The plates

© PROTSYUK, Yu., KOVYLIANSKA, O,
PROTSYUK, S, YIZHAKEVYCH, O., ANDRUK, V.,
GOLOVNIA, V,, and YULDOSHEYV, Q., 2017

81

from AI UAS (Tashkent Normal Astrograph, TNA
(33/350), scale 60"/mm, size 16x 16 cm, FOV
(2.5x2.5)° Double Astrograph Zeiss, DAZ
(40/300), scale 69"/mm, size 30x30 cm, FOV
(6x6)°, epoch 1961—1983, exposure 3—15 min)
were used as well. The number of found in data-
bases and scanned plates is given in Table 1. The
majority of plates has three exposures overnight
with an interval from 1 to 20 minutes.

PROCESSING OF IMAGES
OF PHOTOGRAPHIC PLATES

The images were scanned using Epson Perfecti-
on V750 Pro scanner (format A4, optical resoluti-
on 4800 x 9600 dpi, transparent region 25x 20 cm,
maximum dynamic range 4.0D) with a resolution
of 1200 and 1600 dots per inch (dpi), at the RI
«MAO», and Epson Expression 10000XL scanners
(format A3, optical resolution 2400 x 4800 dpi,
transparent region 43—30 ¢cm, maximum dynamic
range 3.8D) with a resolution 1200 dpi, at the
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MAO of the NAS of Ukraine and at AT UAS. Hav-
ing been processed the images were saved in FITS
(Flexible Image Transport System) format. At the
RI «MAO», each plate was scanned six times for
excluding scanner random errors |7, 8]. The plates
of other observatories, except for the trial one for
each telescope, were scanned once.

All images were primarily processed in MIDAS
environment, Linux OS, by the method described
in detail in [9—12]. Further they were processed,
including identification of objects based on refer-

ence catalogues and astrometric reduction for de-
termination of equatorial coordinates, in Windows
OS [12—13]. The content of software package and
procedure for photographic observation processing
are given in [12]. Using this algorithm all images
have been identified and processed. The coordi-
nates of all objects on the plates have been obtained.
The current results are presented in Table 2.

The major part of plates has not been identifi-
ed because of pointing errors in observations, the
minor for poor quality of images as a result of large

Table 1

Number of Plates Scanned

Found in DB, pieces Scanned out, pieces
Observatory Telescope, epoch
Uranus Neptune Uranus Neptune
RI «<MAO» ZA
1961—1994 220 218 201 202
MAO of NAS DLFA, DWA, Z600
of Ukraine 1963—1991 64 41 42 32
AT UAS TNA, DAZ
1961—1983 15 1 15 1
Table 2
Number of Identified Plates and Angle Planet Coordinates Obtained
Observatory Telescope Identified Not identified Planet COQrdinates
obtained
RI «<MAO» ZA 396 7 1172
MAO of NAS
of Ukraine DLFA, DWA, Z600 63 1 113
AT UAS TNA, DAZ 15 1 32
Table 3
Average Intrinsic Accuracy of Determination of Planet Coordinates for Various Telescopes
Standard deviation Standard deviation
o . Range of standard
Observatory/ "SC%}ICy of planetary position by RA, | of planetary position by DEC | 1. iation of instrument star
telescope /pixel itud
arcsec pixel arcsec pixel magnitude
RI «MAO» ZA 1.60—2.14 0.19 0.11 0.19 0.11 0.01—0.07
MAO NAS DLFA 0.79 0.09 0.11 0.08 0.10 0.01—0.03
MAO NAS DWA 217 0.22 0.10 0.26 0.12 0.04—0.05
MAO NAS 7600 0.59 0.10 0.17 0.09 0.15 0.04—0.06
AT UAS TNA 1.26 0.12 0.10 0.15 0.12 0.02—0.05
AT UAS DAZ 1.45 0.10 0.07 0.12 0.08 0.03—0.05
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Fig. 1. Distribution of internal accuracy of positions of Uranus (left) and Neptune (7ight) for the RI «MAO» observation array
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Fig. 2. Distribution of (O—C) differences for Neptune observations with DWA (left) and ZA
(right) telescopes

veil on emulsion. Out of 396 identified plates from
RI «MAO» 96 pieces were scanned with a resolu-
tion 1200 dpi and 300 ones were scanned with a
resolution of 1600 dpi. The position accuracy of
reference starts for the processed array ranges
from 0.04 to 0.30". The standard deviation of plan-
etary position by 6 scans varies within 0.10—0.12
pixels that corresponds to the range from 0.08" to
0.26", depending on the scale (Table 3).

In general, the results in terms of accuracy are
little bit worse than the theoretical limit for the
internal accuracy [8], which is explained by a small
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number of reference stars on the plates with bright
planets. The distribution of internal accuracy of
the planet coordinates obtained for the largest ar-
ray of RI «MAO» is given in Fig. 1.

COMPARISON OF RESULTS WITH EPHEMERIS

For the exact moments of observations of all
processed images the calculated (C) topocentric
positions of planets from ephemerid JPL/HORI-
ZONS [14] have been obtained. The calculated
coordinates have been compared with the ob-
served (O) ones. Differences (O—C) have been
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obtained to vary within +1 pixel for all telescopes,
which corresponds to £(0.8—2)". The distribution
of (O—C) for the largest arrays of Neptune obser-
vations with ZA (RI «MAO») and DWA (MAO
NAS of Ukraine) telescopes is showed in Fig. 2.
For the RT «MAO» data the Figure features (O—C)
differences only for the plates having three pro-
cessed exposures. Average (O—C) right ascension
and declination values for Neptune amount to
(—0.220 £ 0.650)" and (0.099 * 0.390)" respec-
tively, for the ZA telescope and (0.165 + 0.642)"
and (—0.165 = 0.893)" for the DWA telescope.

CONCLUSION

About 550 photo plates bearing images of Ura-
nus and Neptune have been found in UkrVO;
88% of them have been scanned and nearly 85%
have been processed. The internal accuracy of pla-
net positions ranges within 0.10—0.12 pixels or
(0.08—0.26)". Over 1300 topocentric positions for
Uranus and Neptune have been obtained for the
observation period from 1961 till 1994. Differ-
ences (O—C) between the processed observations
and JPL/HORIZONS ephemeris have been ob-
tained. The project is ongoing.
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! HaykoBO-IOCTi THWI IHCTUTYT
«MuxosaiBcbka acTpOHOMIYHA 00CepBaTOPisT>
(H/II <MAO»),

ByJ1. O6cepBartopHa, 1, Muxosais, 54030, Ykpaina,
resr.: +380 512 477 014
2TonoBHa acTpoHOMIYHa 0OCcepBaTOpis
HAH Yxpainn (HAO HAHY),

ByJI. Akaziemika 3a6osoTHoro, 27, Kuis, 03680, Ykpaina,
reir.: +380 44 526 4768
3 ACTPOHOMIYHUIT IHCTUTYT
AH Pecny6uiku Ysbekucran (Al AH PY3),
Tamxkent, 100052, ¥Ys6exucran, tem.; +998 712 358 102

PE3VJIBTATU CYYACHOT OBPOBKU
OOTOTPAOIYHNX CIIOCTEPEKEHD YPAHA
TA HEIITYHA 3 APXIBIB YkpBO

OcHOBHA YaCTHHA CIIOCTEPEKEHb TTAHET OyJia OTPHMAaHA B
H/I «MAO» i TAO HAHY six 1961 g0 1994 poky. IIpu 06-
poOIi crocTepeskenb TakoK Gy BUKOPUCTAH] TITACTUHKY 3
Al AH P¥3. B MAO mracTHHKY CKaHYBaJIUCS TI0 TITCTh pa-
3iB, y iHIINX 06cepBaTOPisIX — MO OAHOMY pasy. BisbIricTs
MTaCTUHOK MaloTh 0 3 eKkcro3uilii. Bei 306pakeHts o6po-
6uteri. Bisbima yacTHHa OTOTOKHEHa i OTpUMaHi eKBaTopi-
aJIbHi KOOpAMHATH BCix 00’ekTiB. OTprMaHa MO3UIiiHA TOY-
HicTh omopuux 3ip Bix 0,04" 1o 0,30". CranpapTHe BigXwIeH-
HS IIOJIO’KEHHsI IIaHeT 3HaxoxuTbest B miamasoni 0,10—0,12
IHiKCeIiB, 10 BiANOBiAaE B 3a/eKHOCTI B Maciraly Big 0,08"
1o 0,26". IIpoBeieHo MOPiBHAHHS OTPUMAHWUX TOTOIEHTPIY-
HUX ToJIoKeHb TaHer 3 edemepunoio JPL/HORIZONS.
Orpumano 3navennst (O—C) Ta iX cTaHapTHE BiXUTEHHS.

Kntouosi croea: actpoHOMIUHI 6a3u JaHUX, acTpoOMe-
Tpist, ehemMepuin, METOJIUKY aHATI3Y MAHUX, KATAJIOTH.
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?naBHas actpoHomuueckast obcepsaropust HAH Ykpausnbt
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PE3YJIBTATBI COBPEMEHHOI OBPABOTKI
OOTOTPAOUYECKNX HABJIIOJIEHNIN YPAHA
N HEIITYHA 113 APXIBOB YkpBO

OcHoBHas yacTh HabGIIOAe NI I1aHeT Obla MoJIyyeHa B
HUN «<HAO» u TAO HAHY ¢ 1961 o 1994 rox. [Tpu o6pa-
060OTKe TaksKe UCIO0JAb30BaanCh mactuiku us A1 AH PVs.
B HAO mracTuHK# CKaHIPOBAHICH 0 MIECTD Pas, B IPYTUX
06cepBaTopusaX — 10 OJAHOMY pasy. BoJbLIMHCTBO IIaCTH-
HOK MMEIOT 110 3 akcrosunun. Bee usobpaxkennst o6pabora-
HbI, 00JIbIIAsT YACTh OTOKAECTBIEHA U MOJTyYeHbl SKBATOPH-
aJIbHbIe KOOPAMHATHI BCeX 00beKTOB. [ToyuerHa mosuimoH-
Hasg TOYHOCTH onopHbIX 3Be37 oT 0,04" mo 0,30". Cranmapt-
HOE OTKJIOHEHIE TTOJIOKEH NS TIIaHeT HaXOIUTC B {ana3oHe
0,10—0,12 mukceJiei, 4TO COOTBETCTBYET, B 3aBUCUMOCTHU OT
Mmacrmtaba, ot 0,08" mo 0,26". TIpoBeneHo cpaBHEHME MOTY-
YEHHBIX TOMOIEHTPUUECKUX TMOJIOKEHU TIaHeT ¢ ademe-
punoii JPL/HORIZONS. Ilonyuens! snavenus (O—C) u
WX CTaHJaPTHOE OTKJIOHEHHE.

Kntwuesvie crosa: ACTPOHOMUYECKUE 6a3bl JaHHbIX,
acTpoMeTpusd, 3(beMepI/IZ[bI, METO/IMKM aHaJin3a HdaHHbIX,
KaTaJjioru.



