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Automatic telescope for observation of near-Earth asteroids
V.V. Rumyantsev, N.S. Chernykh

Crimean Astrophysical Observatory

The old 64-cm Richter—Slefogt telescope (F=90 cm) of the Crimean Astrophysical Observatory was reconstructed
and equipped with the ST-8 CCD camera supplied by The Planetary Society as the Eugene Shoemaker Near FEarth
Object Grant. The first observations of minor planets and comets were made with the telescope in 2000. The CCD
matriz of ST-8 camera in the focus of our telescope covers field of 52.7'x85.1. With 120-second exposure we
obtain the images of stars up to the limiting magnitude of 20.5 mag within S/N=38. The first phase of automation
of the telescope was completed in May 2002. According to our estimations, the telescope will be able to cover the
sky area of 20 square deg with threefold overlapping during the night. The software for object localization, image
parameters determination, stars identification, astrometric reduction, identification and cataloguing of asteroids
is worked up. The first observation results obtained with the 64-cm CCD telescope are discussed.

ABTOMATHBAIIISA TEJIECKOIIA JIJIS CIIOCTEPE>KEHBb ACTEPOIJIIB, 11O HABJIM>XKAKOTHCA JI0
BEMJII, Pymanues B.B., Yepnux M.C. — YV Kpumcokitd acmpodizuuniti ob6cepsamopii 6yio 6idnoeaeno 64-cm
meneckon Puxmepa—Caepoema (F=90 cm) 3a ginancosoi niompumky Incmumymy meopemuwnoi acmporomii i
Mistcrapoonozo Incmumymy npobaem acmepoionoi nebesnexu (Cankm-Ilemepbype, Pocis) ¢ memoto nposedera
DERYAAPHUT MACOBUL CTLOCTNEPEIICEHD Acmepoidis, uo nabausicaromovesa do 3emai. B mpasni 1999 poxry 6%//Lo npo-
6edeno nepwi cnocmepesicerna 6 nepeunromy goxyci 3 1133 ST-8 (13.8% 9.2 mm, 9x 9 mxm/nixe, 52.7'x 35.1",
SBIG, CIIIA), ompumarum 6id Amepukarcvrozo Ilaanemnozo mosapucmea. Ilpu cnocmepesicenni ubpanoi di-
asnku SA-57 3a 120 ¢ excnosuuii 6yau sapeccmposani 3opi 20.5 sop.eea. 3 S/N=3. Biavwicms 30panux 300pa-
otcens nokpusaroms 2x 2 nikceas. Ilepwa cmadia asmomamusayii meaeckony 3asepwunacy 6 mpasni 2002 p. Ha
meneckoni 6Yao 3aMiHEHO KPOKOST 08ULYHU A BU20MOBAEHO HOBUL OAOK KEPYBAHHA HUMU. 3210H0 3 Nepuum
NPOOHUM CIOCTMEPENHCEHHAM, TEAECKON 3damen nokpusamu obaacms weba 6 20 keadpammuur 2padycie 3 nompit-
HUM NePexpusantam npomszom rnowi. Cmeopeno i naraz00xcyemoves npozpamne 3abeaneverns 0ai A0KAN3AUIE
06’exmis, 6usHaueHHA napamempis 306pasicenna, idenmudirauii 3ipox, acmpomempuunol pedyxyii, idenmudhira-
uit ma xkamanozizayii acmepoidis. O62080PIOMBCA NEPULL PEZYALMATNU COCTNEPENHCEHD, ompumari 3 64-cm CCD
MENECKONOM.

ABTOMATH3AIINS TEJECKOIIA JIJIS HABJIFOJJEHUH ACTEPOMJIOB, CBJIMXKAIOITUXCA C 3EM-
JIEU, Pymanues B.B., Yepnoix H.C. — B Kpvimckoti acmpogusuveckots obcepsamopuu, 6via 80CCMaH08AeH 64-CM
meaeckon Puxmepa—Caedoema (F=90 cm) npu dunancosoti noddepoicke Hnemumyma meopemuneckoti acmpo-
nomuu u Meorcdynapodrnozo Uncmumyma npobaem acmepoudnot onacnocmu (C.-Ilemepbype, Poccus) ¢ yeavio
NPosedenUs PELYAAPHBIL MACCOBHIT HAOA00enul acmepoudos, corusicarowuxca ¢ Semaet. B mae 1999 bvinu npo-
6edennvt nepevie nabarodenus 6 nepeudrom goryce ¢ II13C ST-8 (13.8% 9.2 mm, 9% 9 mwm/nux, 52.7'x 35.1, SBIG,
CIIIA) noayuennot om Amepurarckozo ITaanemmnozo obwecmea. Ipu nabarodenuu usbparnol obaacmu SA-57 3a
120 cex axcnosuyuu Gviau 3apezucmpuposarvs 36e30v 20.5 36.6ea. ¢ S/N=38. Boabwuncmeo 36e30nux u3obpasice-
Huti nokpuearom 2x 2 nuxceas. Ilepsas cmadusa asmomamusdayuu menseckona 6viia 3axonyena 6 mae 2002. Ha
meaeckone 0viAl 3aMEHENDL ULA20BBLE 0BULATNEAU U U320T0BAEH HOBVT 0.A0K ynpasaerus umu. CozaacHo nepevim
nPoOHbIM HAOA00EHUAM, MEAECKON CNocober NoKpueams obaacms Heba 6 20 keadpammux 2padycos ¢ mpotHvLM
nepexpusaruem 6 meverue Howu. Cozdaro u omaadicusaemea npopammroe obecneverue 0Af AOKGAUSAUUY 00Be-
KIMOB, ONPEIENEHUA NAPAMEMPOE U30OPAHCEHUA, UIEHMUPUKAUUL 36€30, AGCMPOMEMPUMECKOT PEIYKUUL, UJEH-
mudurayuu u Kemaarozudauuy acmepoudos. Obcysicdaromes nepevie pe3ysvmamo, Haba00e s, NOAYYEHHDLE C
64-cm CCD meneckonom.

Crimean program of observing Near Earth Asteroids is a logical continuation of the photographic
review of minor planets conduct in the Crimean Astrophysical Observatory (CrAQO) since 1963 to 1997
[1]. In 1993 the work was started according to the initiative of A.G.Sokolsky and N.S.Chernykh on the
reconstruction of old 64-cm telescope in order to use it for observing of the asteroids, approaching to the
Earth.
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Table 1. Table 2. Limit magnitude with CCD

ST-8 64-cm telescope
CCD size 1530 x 1020 S — 1700 cm?2
Area 13.8 9.2 mm T,sec | 10 [ 30 [ 60 | 120
Field of view 52.7' x 35.1' m 911197 1201 [ 205
Pixel I
Well Depth 80 Ke
Digital resolution | 16 bit
Dark signal 36 e/min-pix @ 0°C
Read noise 157!

64-cm telescope of Richter—Slefogt system was designed and built by the German company Carl
Zeiss Jena during the Second World War. Telescope has a spherical mirror of diameter D =675 mm and
focal length 905 mm. Correction system consists of two lenses of diameter 643 mm.

Flat surface of second lens has an aluminum covering of diameter 285 mm and serves a secondary
mirror, shortening an optical system. Focal length of the whole system is 894 mm. Field of view is 80 mm
and has a radius of curvature 90 cm. Flat field correction lens, installed before focal surface, ensures a
flat field of diameter 60 mm (4 degrees) and shortens an equivalent system focal length to F'=822 mm.
Focal surface is inside the tube, on the distance of 35 cm from back edge of the cassette tube.

In March 1999 we have got CCD camera SBIG St-8 for a grant of the American Planetary Society,
given to us in October 1997 for the developing of the ITA-CrAO observing program. Its main features
are presented in the table 1.

Limiting magnitude registered by CCD telescope, depends on acting area of telescope, technical
features of CCD matrixes, time of accumulations and background of the sky and it can be determined

by following expression:
VST

kA
where S — effective area of telescope in sq.cm., 7 — quantum efficiency of CCD matrix, T" — exposure
in seconds, A — side of square of number of elements, covered by image of the star on matrix in
arcsecond, k — signal to noise ratio, p — brightness of the sky background in stellar magnitudes for
square arcsecond. Considering constructive particularities of the optical system of our telescope and
taking the values p=21.0™/sq.arcsec, n=0.4, k=5, A =4, one find the values of limiting magnitude
depending on exposures (table 2):

In May of 1999 we had begun the first test observations with the matrix ST-8, installed in the
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Table 3. Accuracy of astrometric observations of some objects

Object Number | Period of observation o« o)
(arcsec) | (arcsec)
C/1999 H1 6 08.11.1999 — 10.11.1999 0.4 0.2
C/1999 J2 6 16.07.2000 0.4 0.4
2000 NM (Motion = 10" /min) 64 04.07.2000 — 28.07.2000 0.1 0.3
1999 KW4 (Motion =45" /min) 36 24.05.2001 0.4 0.4

Table 4. Possible number of Near Earth Asteroids of corresponding limiting magnitude
Limiting magnitude V | 16 | 17 | 18 | 19 20 21
Number of NEA 0307|1846 | 11.7 | 22.5

primary focus of the telescope. We found that limit magnitude for stars is 20.5™ with for exposure of 2
minutes that is in well agreement with theoretical evaluations. Fig. 1 presents values of a signal to noise
ration S/N for stars of field. Limit magnitude was estimated from observations of selected areas SA 51
and SA 57 [2].

Telescope gives image of the stars of the diameter 20 = 18u, that corresponds to an area of 2 x 2 pixels.
Fragment of frame 3’ x 4 with the stars of different brightness is shown on fig. 2.

Evaluation of an overexposed stars shows that stars brighter then 11.7™ cause an overflow of charge
in pixels. Amount of the overexposed stars in the frame can be several dozens.

V.V.Rumyantsev had developed a software AstroMet ver.1.2 that allows to make a preliminary
image preprocessing, localization of the registered stars, determination of parameters of image of stars
and astrometric and photometric reduction. Profiles of star are presented by the fixed Gauss model
functions [3]

1 T;—as 2 Yi—ary ? Ti—as Yi—ar
Dy, oy = - -2
Tiyi a1+a4eXp{ 2(1—ad) l( ag > +( as “ ag asg

Here a; refers to local background density, a4 describes peak density in image, as and a7 describe
image center coordinates and ag, ag and ag describe the axis and orientation of general elliptical figure
of star image.

From June 2000 to July 2002 first working observations of several asteroids (including NEA 2000 NM,
1999 KW4 and 2002 NX) and comets were carried out (Fig. 3). Simultaneously the work on the improving
of the software and developing of the methods of observation was made. Altogether about 2500 frames
were received. At present the work on automations of telescope and the improvement of programs of
image processing is in progress.

Accuracy of astrometric observations of some objects is present in the table 3.

Telescope productive capacity, i.e. area of the sky covered by the observations for unit of time for
the fixed limiting magnitude, depends strongly on degree of automations of telescope.

At the beginning of 2002 year the first phase of automation of telescope was ended. We replaced
an old stepper motors by faster ones and installed the motion controller, which permits us to operate
by telescope from computer. Without angle encoders, we can control telescope position by calculating
number of steps of motors. Telescope modernization allows us to raise covering sky area to 10 sq.degrees
per hour. This productivity is limited only by readout time of CCD and can be improved by replacing
CCD camera by new one, with more large area and faster readout time. We haven’t enough financial
support now for this update. Additional feature of the new controller is the capability to follow fast
moving objects with angular velocity up to 120 arcsec per second. For average 6-hours night it is possible
to get 100-120 frames, or 15000-18 000 frames per year. It corresponds to 2 500-3 000 square degrees per
year for the triple overlapping of observed areas. Probability of discovery of the NEAs in such area of the
sky during a year is evaluated according to the results of E.Helin and R.Dunbar [4]. Possible number of
Near Earth Asteroids of corresponding limiting magnitude is presented by the table 4.

For the comparison let us note that known program with the Spacewatch telescope of the Observatory
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Fig. 3. The positions of frames observed from June 2000 to July 2002
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Kitt Peak, using a method of scan when observing, gets at the average 1250 square degrees per year under
the triple overlapping of observed areas and registers near 20 000 asteroids to 21™.
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