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Abstract

In order to determine the orbits of minor bodies in the Solar System, and in this way foresee collisions with Earth, it is of
fundamental importance to perform precise measurement of the relative positions of these objects. The Minor Planet Center
(MPC) is a service of the International Astronomical Union (IAU) that receives and distributes the measurements made by
observatories all around the world, and likewise uses this information to estimate the orbits of minor bodies. An observatory
must firstly demonstrate the capacity to perform measurements with errors below one second of arc through the dutiful
application of the MPC methodology before obtaining an international designation. We discuss the methodology implemented
at the Astronomical Observatory of the Universidad Tecnol6gica de Pereira (OAUTP) to obtain the MPC code. In order to do
so, we observed the asteroids 1568, 2235 and 713 during the days 6 and 9 of February of 2016 with a 0.4064 m MEADE
L X200 GPS telescope, a SBIG ST-2000 XM camera and a /6.3 focal reducer. The acquired data was sent with an average
error of 0.194 arcsec and a standard deviation of ¢ = 0.037 arcsec, which granted to the OAUTP the designation W63 under
the name Observatorio Astronomico UTP, Pereira. The MPC code obtained certifies the quality of the astrometric data
acquired from the OAUTP, opening the gates to the development of observational programs of currently interesting objects,
like very Near Earth objects (NEO).

Keywords: Asteroids, Astrometry, Data Reduction, Minor Planet Center.

Resumen

Con el fin de establecer las orbitas de los cuerpos menores del Sistema Solar, y de esta manera anticipar colisiones contra la
Tierra, es de fundamental importancia realizar una medicién precisa de las posiciones relativas de estos objetos. EI Minor
Planet Center (MPC) es un servicio de la Union Astronémica Internacional (IAU) que recibe y distribuye las mediciones
realizadas por los observatorios de todo el mundo, utilizando esta informacion para estimar las 6rbitas de cuerpos menores
del Sistema Solar. Para obtener una designacion internacional, un observatorio debe demostrar en primer lugar la capacidad
de realizar mediciones con errores por debajo de un segundo de arco a través de la aplicacion precisa de la metodologia
establecida por el MPC. En este articulo se presenta la metodologia implementada en el Observatorio Astronémico de la
Universidad Tecnolégica de Pereira (OAUTP) para obtener el cédigo MPC W63. Para ello, se observaron los asteroides 1568,
2235y 713 durante los dias 6 y 9 de febrero de 2016 con un telescopio GPS MEADE LX200 de 0.4064 m, una caAmara SBM
ST-2000XM y un reductor focal f/6.3. Los datos obtenidos presentaron un error promedio de 0.194 arcsec y una desviacion
estandar de o = 0.037 arcsec, gracias a lo cual el MPC otorgé al OAUTP la denominacién W63 bajo el nombre de Observatorio
Astronomico UTP, Pereira. El cédigo MPC obtenido certifica la calidad de los datos astrométricos adquiridos desde el
OAUTP, abriendo las puertas al desarrollo de programas de observacion astrométrica de objetos de interés actual, como por
ejemplo los objetos cercanos a la Tierra (NEO).
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1. Introduction.

Knowing the precise form of the orbits of asteroids and
comets is fundamental for the human being, as it is greatly
important to foresee future collisions with Earth [1], and
because the understanding of the structure of the orbital
space [2] (formed by the chaotic dynamics that gave rise to
the Solar System [3]) relies on the precision of the orbital
parameters of the bodies that compose it (SSO, by Solar
System Objects, [4]). For example, it was believed that the
resonance zone 2:1 with Neptune was empty or
underpopulated, when in reality the problem was that the
bodies 1997 SZ10 and 1996 TR66 had been misclassified as
3:2 resonators, actually being 2:1 resonators [5] [6]. It could
be said then that the orbit determination problem of SSO is
important for advancing in the monitoring of their positions
to foresee possible impacts with Earth, as well as the
importance to study the origin and evolution of the Solar
System

However, defining these parameters is essentially a complex
task, as for each body a high quantity of observations in a
considerable period of time is required, in a way that the
uncertainty of the orbit becomes small [7]. Characterizing
the orbits of SSO’s becomes therefore a fundamentally
collaborative task, in which the participation of
observatories around the world providing this information is
mandatory, with enough quality to obtain convergence in the
algorithms of orbit determination. This is a reason the Minor
Planet Center (MPC) was created, a service of the
International Astronomical Union (IAU), whose purpose is
to receive and distribute the position data delivered by the
observatories around the world that have the MPC code. It
is also a function of the MPC the identification, designation
and calculation of the orbital parameters of these bodies?.

In order to have a successful process of orbits determination,
it is necessary to use high precision data. Therefore, the
MPC requires that the observatories reporting astrometric
data meet a set of minimum quality standards. Specifically,
they grant designations to the observation sites which
demonstrate the ability to deliver consistently data with
errors below one arcsec. This undoubtedly establishes an
important filter that is not easy to meet, given that in order
to accomplish this requirement it is necessary at first place
to count with the appropriate equipment, that besides a
robotic telescope, includes a CCD camera and the
appropriate software to perform the data reduction. In
second place, it is necessary to develop the correct
methodology to successfully accomplish the process, as in
this area, in which such precise measurements are
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imperative, it is common to make mistakes that could
seriously affect the quality of the obtained information.

In spite of the international efforts, and the huge advances
made in the number of bodies discovered, there is s till an
important population of potentially hazardous bodies for
Earth that have not yet been found. This is depicted for
example in the Chelyabinsk event which happened without
previous knowledge [8]. Moreover, the idea that NASA
would not be capable to accomplish the purpose of
discovering at least 90 % of the minor bodies with diameters
over 140 m by the year 2020 has recently come up [9], which
makes combining efforts from all over the world even more
relevant. In Colombia, there are very few works on this
direction, such as the one by the Observatory of the Narifio
University (which has an MPC code). The purpose of this
document consist in describing and discussing the asteroids
astrometry program of the Astronomical Observatory of the
Technological University of Pereira (OAUTP). The careful
work carried out resulted on the designation of the MPC
code W63 for the OAUTP whose name appears as
Observatorio Astronomico UTP, Pereira. We aim to produce
a useful reference for other observatories with similar
objectives and motivate the establishment of collaborations
in this subject.

2. Materials and Methods.

For obtaining the observatory code it is necessary to follow
the procedure requested by the MPC. We first make two
clarifications about the procedure shown in the flux diagram
in the Fig. 1. As it is pointed out in the figure, the MPC
requires observations of two different nights. In principle the
nights are requested to be close enough, but if the weather
prevents it, they can be separated by up to a few weeks. In
the flux diagram a maximum separation of a month has been
set. Likewise, the MPC requests that each of the n bodies is
observed at least twice within an hour. It is not valid to
observe a body just once per night. Furthermore, each
observation must have a residue equal or lower than one
arcsec. If these conditions are met, the observing run is
considered as a successful one. As it will be shown further
ahead, in this work three asteroids were picked out for
observation. In the following, the procedure to manage
measurements with errors under the arcsec detailed.

The astrometry of asteroids can be understood as a three
stages procedure: planning, observation and data reduction.
The particulars of each stage will be described below within
the context of the OAUTP.
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Figure 1 Flux diagram of the required procedure to obtain
an MPC code. In this particular case three asteroids were
selected, i.e., n.

2.1. Observation planning

The planning consists in building a list of the objects of
interest or places in the celestial sphere to be observed. As
in this case the interest was to obtain an MPC code, the
guidelines in the Guide to Minor Planet Astrometry [10]
were followed. Specifically, three different bodies with
different magnitudes were selected. It is advisable that when
starting the project the selected asteroids are located east in
order to guarantee their observability during sufficient time.
It is also advisable to select bodies located within a field of
view with a high population of stars, as it will be shown
ahead, the process of reduction is more precise with a greater
number of reference stars. The selection was made
employing the software Toolkit For CCD Astrometry® from
the project CLEA!. This software allows to filter asteroids
from the MPC database that meets certain searching criteria.
Usually they are filtered by places in the celestial sphere and
magnitudes. The selected asteroids for this project were
(713) Luscinia of apparent magnitude for the date of =
14.5V, (2235) Vittore (magnitude ~ 14.8V) and (1568)
Aisleen (magnitude ~ 15.4V).

2.2. Observations

The Astronomical Observatory of the Universidad
Tecnologica de Pereira counts with a MEADE® LX200
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GPS telescope of 40.64 cm. It is employed with a SBIG ST
2000 XM CCD camera and an /6.3 focal reducer?. Before
each observation night, it is necessary to ensure that the
computer’s clock in which the photographies will be taken,
is synchronized with some internet standard time server®,
This guarantees that the registered time at the image header
matches the real time. Besides, before starting acquiring
images, it is necessary to verify that the field of view is the
proper one. For this purpose the software SAOImage DS9®
4 was employed. This allows to search fields of the desired
size centered in a specific set of coordinates, taken from the
catalog ESO-DSS I/ll. For example, in the Fig. 2 a
comparison between one of the observed fields with the field
obtained from the catalogue is shown. Once verified the
field, the process can be carried on. In this case, the data was
taken on the 6 and 9 of February of 2016, with three different
observations per asteroid, per observing night, as the MPC
demands [10].

2.3. Data Reduction

It is necessary to proceed to the data processing of each
image. This implies knowing the coordinates in pixels of the
stars and asteroids displayed in the field. For this, we should
bear in mind that they are punctual light sources and their
intensities can be modeled through a PSF (point-spread
function), which is usually fitted as a Gaussian curve. This
allows the estimation of the centroids for each body in the
image. For example, the Fig. 3 shows the level curve for the
PSF of one of the images of the asteroid 2235. A parameter
associated with the PSF is the Signal to Noise Ratio (SNR).
A low SNR implies out that the body’s PSF cannot be softly
adjusted and, therefore, the estimation of the centroid might
produce important errors. Each astronomical observatory
must pay attention to this fact and establish criteria of their
own to control the quality of their data. After an analysis of
the obtained images, and based on the instrumentation and
environmental conditions of the observatory at which the
measurements are made, in this work the value of an
asteroid’s position was considered useful if fulfilling the
condition: SNR > 11.

With this information of the coordinates in pixels of the
image, the coordinate’s transformation of Right Ascension
and Declination are computed (a, d) in the celestial sphere
through a LSPC process (least-squares plate constants [11]),
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for which it is necessary that in each image’s field a good
amount of stars are present, so they can be compared with a
reference catalog. This process is automatically performed
via the software Astrometrica® [12]. It is necessary to be
very careful when the identification of the studied body is
made, as according to reports from the MPC, one of the most
common sources of mistakes by the observers are bodies
incorrectly identified. For this reason the functions blink or

stack and track from Astrometrica® are used to identify the
body that is moving using each sequence of photos taken for
every asteroid. In the Fig. 4 the stacked images for the
asteroids 713 and 1568 are shown, meanwhile in Fig. 5
asteroid 2235 is encircled in the displayed image. Once the
asteroids are identified their positions are calculated. Finally
it is very important to notice that we used the UCAC-4
catalog as stellar reference, as suggested by the MPC [10].
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Figure 4 Stack of images. In the left figure the asteroid 713 is encircled in red and in the image on the right the asteroid 1568
is highlighted. The field of view is 33 x 25 arcmin. The Green circles represent the reference stars identified by Astrometrica
in the photography and used for calculation of asteroids position. The blue circles represent objects within the image that are
not recognized by Astrometrica (possibly noise). the

Figure 5 Stack of images of the asteroid 2235. The field of view is 33 x 25 arcmin. The Green circles represent the reference
stars identified by Astrometrica in the photography and used for calculation of the asteroids position. The blue circles represent
objects within the image that are not recognized by Astrometrica (possibly noise).
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3. Result
Right ascension error
As it was decided to use a sample comprising three asteroids 1.4 \
to obtain the MPC code and collect three observations per
asteroid per observing night, a total number of 18 1.2}
measurements were sent to the MPC. However, more data
for these celestial bodies was taken in such a way that it 1l
enabled to check the quality of the results. =
c
Q
Asteroid 2235 808
-7.01 T T w
+ Measured value o
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Figure 6 Comparison between the measured positions and ’
Considering the positions delivered by the JPL as exact = 1
values, the errors of the measurements in this work were S
calculated. In the Fig. 7 the obtained errors are shown in 308"
each axis for all the observations obtained for the three 3
asteroids chosen as sample and in the Fig. 8 the total error o6
was calculated as: o
W
04-
= /Eé +€5 @
o LR (AT O R A
50

0 100 150

Observation

Figure 7 Errors obtained in each coordinate for all
observations carried out.

Where ea is the error in Right Ascension and &d in
Declination. It is noticed that 97.037 % of the results show
errors below 1 arcsec and over 80% of them are inside a
range of 0.6 arcsec. This is important given that the MPC
considers useful data with errors below 1 arcsec. After
considering the errors in the measurements 18 observations
were finally chosen to be sent to the MPC. The requirement
of the MPC to send only 2 or 3 observations (in this case 3
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were chosen) per observing night, for each chosen body
(cover a time range of approximately an hour), was entirely
fulfilled. Secondly, the preference of the MPC for the
consistency of the data was also taken into account. The
results sent had an average error of 0.194 arcsec and

standard deviation of 6 = 0.037 arcsec. The information was
sent as ASCII files as it is shown in the Fig. 9. Finally, a
week later, the designation W63 was received from the MPC
[13].

Total error
1.4 T I | |
‘ mean=0.40408", G=D.2-'-_I_111“, %errc:-rsc‘-D.B“=.82.2222, °foerr0rs_<1"= 97.037
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Observation

Figure 8 Total Error obtained for all the acquired observations.
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CON E. Quintero [obsastronomico@utp.edu.co]

0BS S. Jimenez, E. Quintero, J. Aguirre

MEA S. Jimenez

TEL ©.41-m f/1@ Schmidt-Cassegrain + CCD + f/6.3 focal reducer
ACK MPCReport file updated 2016.02.10 089:29:55

AC2 santijimenez@utp.edu.co

COM New Observatory Code Request

COM Long. 75 41 25.5@ W, Lat. 4 47 25.84 N, Alt. 1518m, Google Earth

NET UCAC-4

00713 C2016 ©2 07.12897 07 21 48.34 +08 23 03.9 14.7 V XXX
08713 C2016 02 ©7.20536 07 21 45.63 +08 23 17.2 14.5 V XXX
08713 C2016 02 07.21692 07 21 45.21 +08 23 19.6 14.4 V XXX
00713 C2016 ©2 10.08625 07 20 11.86 +08 31 56.2 14.5 V XXX
00713 C2016 02 10.09655 07 20 11.53 +08 31 58.0 14.5V XXX
08713 C2016 02 10.15758 @7 20 ©89.53 +08 32 09.3 14.5 V XXX
01568 C2016 ©2 ©7.06779 06 12 10.99 +00 31 26.0 15.1 V XXX
081568 C2e16 02 ©7.10979 @6 12 10.46 +00 32 11.6 15.3 V XXX
01568 C2016 ©2 ©7.11287 06 12 10.40 +00 32 14.7 15.3 V XXX
01568 C2016 ©2 10.05799 06 11 48.67 +01 24 44.3 15.4 V XXX
01568 C2016 02 10.07313 06 11 48.56 +01 25 ©00.6 15.4 V XXX 54
01568 C2016 92 10.14043 06 11 48.11 +01 26 11.7 15.2 V XXX
082235 C2e16 02 ©7.14774 @7 20 37.21 -@7 @1 26.8 14.6 V XXX
82235 C2016 ©2 097.15469 @7 20 36.99 -07 @1 23.9 14.6 V XXX
02235 (2016 ©2 ©7.23483 97 20 34.40 -07 ©0 48.2 14.7 V XXX
82235 C2016 902 10.1e456 @7 19 13.7@ -6 38 52.0 14.8 V XXX
82235 C2016 02 10.11458 @7 19 13.43 -06 38 47.1 14.8 V XXX
82235 C2016 62 10.18333 97 19 11.47 -06 38 14.5 14.9 V XXX

Figure 9 Data sent to the MPC in ASCII format of 80 columns.

4. Conclusions
photographies of the same object, or the implementation of

We discussed the program of astrometry of asteroids at the
Astronomical Observatory of the Universidad Tecnolégica
de Pereira in Colombia. Descriptions of the instruments and
methods to obtain the MPC code have been made
accordingly. We also pointed out the essential elements in
the process to make astrometry and the those requiring more
attention have been emphasized. As it was shown, the
OAUTP has the instrumental capability to send astrometric
data with errors well below the requirements of the MPC.

As future work we proposed to study the instrumental limits
at the OAUTP, and manage the application of observational
techniques that have allowed other observatories to m4. D

easure very faint objects with similar equipment (for
example the stack and blink of a great amount of
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guiding strategies with guide cameras to achieve long
exposure photographies). The importance of this resides in
the fact that asteroids very close to Earth, known as NEO
asteroids, are the ones occupying the attention of the MPC,
as their discovery and characterization is fundamental to
anticipate possible collisions with our planet in the future.
These bodies represent an important challenge given their
low brightness and high daily motion.

The errors presented in Fig. 8 are attributed to various
causes, among which stand out: imperfections in the guiding
system of the telescope (given that the guiding camera was
not used), seeing (which for the OAUTP is averaged to 2.2
arcsec) and deficiencies in focus (which is adjusted
manually from the PSF shape observation). However, the
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errors obtained for the measured asteroids positions are
located below 1 arcsec (the 82.2 % is located below 0.6
arcsec), achieving the requested measurements by the MPC.
Even so, future work has been planned with the adaptation
of a guide camera for telescope autoguiding, using optic
adaptative equipments to diminish the adverse effects
caused by seeing and the implementation of software that
allows a fine automatic adjustment of focus.

Additionally, the characterization of the errors obtained by
the OAUTP will be carried out as a future work, with the
intention to estimate a distribution function for these. In the
orbit determination, especially with the kind and quantity of
modern data, statistics play an important role nowadays [14].
This is truth for several reasons. For example, the case
described in the introduction, in which two bodies were
classified incorrectly could have been avoided if the orbital
parameters were known with confidence intervals; and for
this it is necessary to know the kind of errors in the data used
to produce these parameters. Moreover, statistics itself can
be useful as a method to determine orbits [15].
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