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EFFECT OF THE REFERENCE CATALOG SYSTEM
ON THE ASTEROID POSITIONS IN THE MPC DATABASE

The results of analysis of the selected MPC asteroid positions are presented. Systematic errors in star positions arising
from the use of different reference catalogs and astrometric weighting problems have been discussed using observations
of the 12 selected asteroids. The observational series for these asteroids include 30-year period and are obtained using
Mykolaiv Zone Astrograph during 1960—1990. The residuals (O—C),, ., Of the selected asteroids have been analyzed.
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Modern ground-based observations can pro-
vide the accuracy of asteroid positions better
than 0.1" on both spherical coordinates. Howev-
er, a number of tasks, such as the estimation of
asteroid masses by dynamic method, the detec-
tion of Yarkovsky effect, the problem of correla-
tion of dynamic and kinematic coordinate sys-
tems and others require sufficiently long time se-
ries of observations, which makes it necessary to
use various astronomical databases. The most
comprehensive source of data on the position of
small bodies of the solar system is archives of the
Minor Planet Center (MPC) [1].

As of 09.01.2016 the MPC database contained
145,416,300 asteroid positions. One of the compo-
nents of bias error in the case of combining obser-
vations separated in time is the use of different
reference catalogs for calculating asteroid posi-
tions. The modern format of data presentation in
MPC provides information about the reference
catalog used for astrometric reductions, but for the
old observations the retrieval of this information is
often difficult. As of 09.01.2016, the MPC list in-
cluded 48 reference catalogs. The list of codes of
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catalogs, information on which is encrypted as
letter in the MPC line of data is available at:
http://www.minorplanetcenter.net/iau/info/
CatalogueCodes.html. Since 1998, more than 90%
of observations sent to MPC contain information
about catalogs, while for the period of 1960—1990
this information is available only for 10%. These
observations constitute a relatively small percent-
age of the total, but they are very important to
study the slowly evolving effects. Fig. 1 shows a
comparison of the overall distribution of the ob-
servations (in logarithmic scale) in the MPC data-
base and the observations containing information
about the catalogs for 1800—2016.

STATISTICS OF THE USE OF CATALOGS

As noted above, the observation data in the da-
tabase are assigned to 48 catalogs used at differ-
ent times as reference ones for calculating the as-
teroid positions. These catalogs have a different
frequency of use. Table 1 shows the frequency of
use of catalogs as a reference one when perform-
ing astrometric reductions for MPC observation
database for 1800—2016.

As one can see from Table, catalog PPM (Posi-
tion and Proper Motion, 1988) was the most com-
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Fig. 1. Distribution of number of observations

of MPC database for 1800—2016 (dark dots — all

observations, light dots — observations for which information on reference catalog is available)

mon reference catalog for the reductions over seve-
ral decades [2]. Therefore, analysis and correct ac-
count of its systematic errors are of great impor-
tance for using the photographic observations of
19%—20® centuries. Starting with the 1990s, CCD
observations have been widely used in astronomy,
which leads to a significant increase in the intrinsic
accuracy. However, small fields of view of the CCD
frame don't enable the direct use of high-precision
cosmic Hipparcos and Tycho catalogs as reference

ones when calculating the asteroid positions. The-
refore, the asteroid positions in the MPC database
for the period of 1990—2010 are obtained with dif-
ferent reference catalogs in HSRF system, includ-
ing various versions of the USNO catalog. At the
end of 20" — beginning of 21* centuries, the most
widely used catalogs were USNO A2.0 [3] and
USNO B1.0 [4]. Later, these catalogs were found
to have quite significant errors in the declination
system [5]. In addition, the USNO A2.0 catalog

Table 1

Statistical Data on the Use of Reference Catalogs
for Calculating the Asteroid Positions in MPC Database for 1800-2016 (based on [1])

Observation period N M N2 Mostly often used catalog
1800—1850 1197 306 1 PPM
1851—1900 10356 7009 PPM, GSC-ACT, UCAC4
1901—1950 103376 7911 11 PPM, UCAC2
1951—2000 7703297 6792018 35 USNO A1.0, S1.0, A2.0, GSC
2001—2016 137598000 135137700 25 USNO A2.0, B1.0, UCAC2-4, 2mass, URAT1

Note: N is total number of observations in the MPC database for the period, N1 is number of observations containing infor-
mation about the reference catalog, N2 is total amount of used reference catalogs in the specified period; the last column
shows the most frequently used reference catalogs.
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does not have its proper motions, while the accu-
racy of USNO B1.0 catalog proper motions is ex-
tremely low. These facts could significantly affect
the calculated values of asteroid positions based
on them. The appearance of UCAC catalogs (1—4)
has significantly improved the situation with refe-
rence catalogs for the processing of small fields.

However, it should be noted that 12 years
elapsed between the appearance of UCAC1 that
covered only the Southern hemisphere and all-
sky catalog UCACA4. In addition, between the
different versions of these catalogs there are also
systematic differences that deteriorate the accu-
racy of asteroid positions. Unfortunately, for va-
rious reasons, not all observers follow the MPC
recommendation to use UCAC4 [6] for astromet-
ric reductions, so the number of reference cata-
logs remains large.

EFFECT OF REFERENCE
CATALOG ON ASTEROID POSITIONS

The residual differences (O—C) are often used
to assess the accuracy of positional observations of

Solar system bodies. Here, O is asteroid positions
obtained from observations in the system of se-
lected reference catalog; C is the value calculated
based on the modern dynamic model. Analysis of
observations [7] has showed that the average re-
siduals (O—C) have statistically significant de-
viations from zero, mainly because of systematic
errors of star catalogs used for the reduction of
observations. This conclusion has been further
developed in [8]. The authors of [8] have obtain-
ed systematic differences for the 6 most common
catalogs: USNOA1.0 [9], USNO-A2.0, USNO-B1.0,
UCAC2 [10] and Tycho2 [11] with respect to the
2MASS catalog [12] used as reference one for the
processing of observations of Pan-STARRS PS1
project (Panoramic Survey Telescope and Rapid
Response System).

Two years later, it was found that the Pan-
STARRS PS1 data had coordinate-dependent sys-
tematic differences with ephemeris of (0.05-0.1)"
[13] despite a high accuracy of the observations.
It was a result of lack of proper motions in the
2MASS catalog. The authors of [14] proposed to

Table 2
Average Residuals (0-C),, ,,.. and Their Standard Deviations for Selected Reference Catalogs
Number (0—C) £ 8D (1), mas (0O—C) = 8D (2), mas
Reference catalog Period

N % RA Dec RA Dec
m GSC-ACT 4470 22 1961—2016 —25 * 456 —2 £ 456 —15+ 501 28 £ 514
g Tycho2 3560 | 18 1997—2015 5+93 —4+108 5+93 —4+108"
r UCAC2 2668 13 2002—2016 —71+525 —209 =591 —66 = 527 —206 £ 591
r UCAC2 ™ 2111 2005—2013 —56 £ 375 —30 £ 373 —65 + 385 —28 £ 374
p PPM 1876 9 1976—2002 —38 = 383 5+ 326 —40 = 479 90 + 438
¢ USNO-A2.0 1360 7 1995—2016 —160 £ 915 —56 £1006 | —309 958 —339 + 1026
1ACT 1218 6 1997—2008 —24 +193 —5+170 —24 + 193" —5+170°
u UCAC3 1164 6 1960—2016 —88 + 347 97 + 375 —99 + 454 181 + 468
uUCAC3 ™ 1134 2011—-2013 —90 = 307 131 £ 301 —100 £ 426 218 + 402
C SAO 1085 5 1961—1998 —168 + 942 58 £900 —168 + 942 58 +900
o USNO-B1.0 1024 5 2001—2016 25+ 389 —55 + 464 7 + 450 —240 = 486
q UCAC4 734 4 2012—-2016 22 601 —256 + 783 2+ 601 —268 + 788
qUCAC4 ™ 533 2013—2016 —14 £ 417 25 + 565 —30 + 424 16 + 571

Note: " The catalog data are not adjusted using the approached proposed in [14]; ™ Without the observation data of

observatory 703.
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Fig. 2. Cross distribution of residuals (O—C),, ... for observa-
tions of observatory 089 (Nikolaev (Mykolaiv) Observatory)

complete the catalog 2MASS with proper moti-
ons from PPMXL [15] and obtained systematic
differences for 19 of the most common catalogs of
MPC database with respect to the proposed ver-
sion of the reference catalog. Table with these dif-
ferences is available at: ftp://ssd.jpl.nasa.gov/pub/
ssd/debias_2014.tgz. It can be used to convert long
series of asteroid observations into the system of
uniform reference catalog that is a combination of
2MASS star positions with proper motions from
PPMXL [15]. The systematic differences for the
epoch of observation of each position are given in
AstDys-2 [16]. Open Internet resource AstDys-2
provides dynamic information about asteroids, in-
cluding the elements of their orbits and the resid-
ual differences with ephemeris. The service uses as-
teroid positions from the MPC database and en-
ables quick quality assessment of observations sent
to the MPC by different groups of observers.
Twelve asteroids from the program of observa-
tions of selected minor planets to determine the
link parameters between the dynamic and the ca-
talog coordinate systems were selected. These as-
teroids were observed at RI «MAO» over 30 years.
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Fig. 3. Cross distribution of residuals (O—C),, .. for obser-
vations of observatory 703 (Catalina Sky Survey)

For each of the 12 asteroids all positions with the
differences (O—C) and the values of catalog bias
according to procedure proposed in [14] were ta-
ken from the AstDys-2 database. The observa-
tions that did not contain information about re-
ference catalog and for which (O—C) values ex-
ceeded 3", at least, for one coordinate, were ex-
cluded from the array of differences. The final
array contains 20 703 positions of 12 asteroids
observed in the period 1960—2016 that makes up
only 30% of the total number of positions. Fur-
ther, the array of (O—C) differences was divided
based on reference catalog and observatory code.
Totally, 23 reference catalogs have been used, with
over 90% of positions for each asteroid in the ar-
ray obtained using only 10 reference catalogs. Ta-
ble 2 shows the average residuals for right ascen-
sion (RA) and declination (Dec) and their stan-
dard deviations (SD).

Table contains two options of (O—C),, ;... For
the option (1) the original position from the MPC
database was used while for (2) the asteroid posi-
tions are corrected for the systematic difference
between the reference catalogs according to the
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Table 3
Average Residuals (0—C),, ;. and Their Standard Deviations for Selected Observatories
Observatory olljsuer:\}:tri:és . Reference (0—C)£SD (1), mas
code Period catalogs
N % RA Dec
689 Flagstaff 4449 22 1994—2014 gl za —4£104 —3+120
089 Nikolaev 2509 12 1961—2014 m,T,q —55+ 240 29 + 231
084 Pulkovo 1772 9 1959—2007 u, 1, m, o —67 £ 304 94 + 269
083 Golosseevo 1127 6 1976—1996 p —37 £ 405 —43 + 333
975 Valencia 1061 5 1985—1993 C,m —49 £ 975 -72+£951
983 San Fernando 979 5 1978—1989 m, p —65 £ 996 —53 £ 969
703 Catalina 929 5 1999—-2016 rq,d,u —70 £ 876 —847 £ 814
673 Wrightwood 796 4 1998—2016 rlgq 7+ 86 4+75
006 Barcelona 736 4 1988—2002 p, m —16 + 374 44 + 293
HO07 Cloudcroft 295 1 2005—2008 m, ¢ —55+ 368 71+ 316
699 LONEOS 271 1 1998—2008 0, W, C, a —28 £ 400 74 +924

approach [14]. The letter before the catalog na-
mes in Table 2 corresponds to their designation in
the MPC database. These data show that the cata-
log bias adjustments for given array of selected
positions does not lead to the desired result. No
significant differences between the mean residu-
als are obtained. Possible reasons for this may be
errors in the PPMXL proper motions system [15]
and possible erroneous cross-identification betwe-
en catalogs with different star density when cata-
log bias differences were calculated. However, the
main reason, apparently, is a significant part of low
accurate observations with systematic errors in-
cluded in the data studied. This situation requir-
es the assignment of a system of weights for solv-
ing tasks that use large amounts of positions ob-
tained with various accuracy. Partition of the stu-
died positional array by the basis of observatory
code flag showed that it contained observation
data of 233 observatories. However, 76% of all
positions accounted for 10 observatories. The
share of all others does not exceed 1%. Table 3
shows the average differences (0—C),, ;.. and
their standard deviations for these 10 observato-
ries. As one can see from Table 3, the most accu-
racy of observations for observatories ranges with-
in0.2—0.4".
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The analysis of cross distributions of residuals
has showed that, except for the observations of ob-
servatory 703, these distributions are symmetri-
cal, which means that the errors are random and
there is no correlation between the errors for right
ascension and declination. As an example, the mu-
tual distribution of residual differences for the ob-
servatories 089 (Nikolaev Observatory) and 703
(Catalina Sky Survey) are presented in Fig. 2 and
Fig. 3. As can be seen from the Figures, the distri-
bution of residual differences for the observations
of the 703 observatory is non-random in nature
and requires further investigation. These observa-
tion data cannot be used for solving the tasks re-
quiring high position accuracy. Exclusion of obser-
vation data of this observatory from Table 3 has
materially changed mean residuals and their stan-
dard deviations for the positions obtained in the
system of reference catalogs UCAC2 and UCACA.

CONCLUSIONS

The errors of asteroid positions are the main fac-
tor limiting the accuracy of determination of their
orbits. Today, the accuracy of modern CCD obser-
vations is less than 0.1". This level of accuracy re-
quires to take into consideration the systematic dif-
ferences related to the use of different reference ca-
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talogs for processing of asteroid observations. To ob-
tain heterogeneous series of data covering turns of
orbit it is necessary to transform the asteroid posi-
tions into the system of uniform catalog realized
ICRF system in optical range. In the author’s opin-
ion, a single reference catalog proposed in [14] has
several shortcomings as a result of, primarily, insuf-
ficiently accurate PPM XL proper motions system.

Obtaining of heterogeneous observation data se-
ries for time periods of 30 years and longer is com-
plicated by the fact that random error of indivi-
dual observations can significantly exceed the er-
ror component related to the use of different cata-
logs. Usually, this problem is solved by introducing
various systems of weights and criteria of outlier
of individual observations. The statistical methods
for correction of observations having large sys-
tematic errors can only partially solve the problem
of obtaining heterogeneous series of data for se-
veral orbit passes. So, digitization and remeasure-
ments of photographic plates dated 1950—1990 in
the system of modern accurate astrometric cata-
logs can improve the situation significantly.
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! HaykoBo-ztoctiiHuil iHCTHTYT
«MuxosaiBcbka acTpoHOMIYHA 00CepBATOPIsT»,
ByJ1. O6cepBartopha, 1, Muxosais, 54030, Ykpaina,
test. +380 512 564 040
2 TacTuTyT NMpUKIAAHOI acTtporomii PAH,

Hab. Kyrysosa, 10, Cankr-Ilerep6ypr, Pocist

BIIJIMB CUCTEMU OIIOPHUX
KATAJIOTIB HA TTOJIOKEHHS ACTEPOT/IIB
Y BA3I JAHNX MPC

Hagesieni pesyJisraTit aHasii3y 1M0JI0KeHb BHOPAHHUX acTe-
poinis 3 Gasu nanux MPC. Ha npuknaai psaais crocrepe-
JKeHb 12-1 06paHnX acTePOIiB JOCTIKYIOThCST CHCTEMATHYHI
HOXUOKK B TIOJIOKEHHSIX 00 EKTIB, 1110 BUHUKAIOTH Yepe3 BU-
KOPHUCTaHHsI PI3HUX OMOPHUX KATAJIOTIB, 1 pobieMa mpu3Ha-
YeHHs BaroBUX KoedilliEHTIB OKPEMUM CITOCTEPEKEHHSIM.
MacwuBu 1moJiokeHb 00paHIX aCTEPOI/iB TAKOK BKIIOYAIOTH
30-piunuii nepio crocrepexkenb HUX 00’ €KTIB, OTPUMaHUI
Ha MukomnaiBcekomy 3orHOMY actporpacdi B 1960—1990 pp.
Bukonano ananis saanmkoBux pisHuib (O—C)y, .. ob6pa-
HUX aCTePOiIiB.

Knwouogi croea: actepoinu, MO3UIiNHI ONTUYHI CIIOCTeE-
PesKEeHH, ONIOPHI KaTaJoru, aCTPOHOMIUHI 6a3n JaHuX.
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! Hay4HO-1CCII€10BATEIbCKIH HHCTHTYT
«HuxomaeBckast acTpoHOMUYECKast 00CepBaTOPUsT»,
ya. O6cepsarophas, 1, Hukosaes, 54030, Ykpauta,

test. +380 512 564 040
2 MuctutyT npukaaaHoi acrponomun PAH,
uab. Kyrysosa, 10, Cankr-Ilerep6ypr, Poccus

BJINAHNE CUCTEMbI OITOPHBIX
KATAJIOTOB HA ITIOJIOKEHIMA ACTEPONI0OB
B BA3E JAHHBIX MPC

[IpuBe/IeHbI PE3yJIBTaThl aHAJIN3A TTOJOKEHN T N3OPAHHbIX
acreporzioB 13 Gasbl gannbx MPC. Ha npumepe psiios HabJmo-
menuii 12-11 u30paHHbIX aCTEPOUIIOB UCCTEIYIOTCS CHCTEMATH-
YecKue OMMOKK B TTOJIOKEHUSIX OGBEKTOB, BO3HUKAIONINE H3-32
UCIIOJTb30BAHMST PA3JIMYHBIX OIMOPHBIX KATAJIOTOB, U TPobieMa
Ha3HAYEHUS BECOB OT/ICJbHBIM HaGIOIeHIsAM. MaccuBbI 1oJio-
JKeHNH M36paHHbIX aCTePOHIOB TaKKe BRIOYAOT 30-JeTHIMi
nepro/| HabJoIeHni STHX 00BEKTOB, MOJTyYeHHbIH Ha Hikoora-
eBckoM 30HHOM acTporpade B 1960—1990 rr. Beimosien anamms
octatoubix pastocteii (O—C)y, M3OPAHHBIX ACTEPOH/IOB.

Kuawuesvie ciosa: acteponibl, HO3UINOHHbIE ONTHYEC-
Kue HabJIONEHNs, OIOpPHbIE KaTaJord, acTPOHOMHYECKHE
0a3bl JAHHDBIX.



