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Abstract

With unique orbital and physical characteristics, Triton is a very important target because it may contain
information of the origin and evolution of the solar system. Besides space explorations, ground-based observations
over long time also play a key role on research of Triton. High-precision positions of Triton obtained from ground
telescopes are of great significance for studying its orbital evolution and the physical properties of Neptune. As a
long-term observational target, Triton has been observed by the 1.56 m telescope of Shanghai Astronomical
Observatory since 1996. In this paper, based on our AAPPDI software and with Gaia DR2 as the reference catalog,
604 positions of Triton during 2010–2014 are calculated, with standard errors of 19–88 mas. A comparison
between our results and the ephemeris (DE431+nep096) is also given.
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1. Introduction

Based on long-term ground-based observations, and espe-
cially observations from close flyby of NASA Voyager 2 in
1989, Triton has been shown with many special characteristics,
such as its retrograde orbit, high density, low temperature, and
active geysers. Such evidence proved Triton is a Kuiper Belt
Object captured by Neptune (McCord 1966; McKinnon 1984;
McKinnon et al. 1995). Considering Triton has relatively great
quality and close distance to Neptune, scientists thought it may
have broken the original satellite system of Neptune (Rufu &
Canup 2017). All these factors mentioned above put Triton in
the list of important targets of solar system, and lead Triton
being selected as one of the four targets of American National
Aeronautics and Space Administration (NASA) Discovery
Program in 2020 (Howett et al. 2020).

In spite of the space exploration, the long-term ground
observational data of Triton are more important to understand
its evolution. Long-term astrometry of Triton can improve
Triton’s orbit, Neptune’s orbit and pole orientation (Jacobson
2009; Zhang et al. 2014; Emelyanov & Samorodov 2015; Tang
et al. 2020; Ryan et al. 2021; Yuan & Li 2021).

Historical positions of Triton will help to improve Triton’s
orbit (Jacobson 2009; Zhang et al. 2014; Emelyanov &
Samorodov 2015; Tang et al. 2020). Photometric data over a
long time could be used to analysis its surface changes
(Franz 1981; Goguen 1989; Buratti et al. 1994; Elliot et al.
2000; Fry & Sromovsky 2007). Spectroscopy of Triton at
different epochs is quite useful to understand the atmosphere and

its activities, especially its global warming (Buratti et al. 1999;
Hicks & Buratti 2004).
We have started observations on Triton since 1996 (Qiao

et al. 2007, 2014; Yu et al. 2019; Yan et al. 2020; Zhang et al.
2021), and our main purpose is to get its precise positions and
improve its orbits. In this paper, we present positions of Triton
from CCD observations which were made at the 1.56 m
telescope of Shanghai Astronomical Observatory during
2010–2014, and we use Gaia-DR2 (Brown et al. 2018) as the
reference catalog. About 604 positions of Triton over 14 nights
were obtained.
The observations and reduction procedures are described in

Section 2. In Section 3, we compare our results with the Jet
Propulsion Laboratory (JPL) ephemeris (DE431+nep089)
(Folkner et al. 2014, https://ssd.jpl.nasa.gov). Conclusions
are given in Section 4.

2. Observations and Data Reduction

2.1. CCD Observations

All observations were made with the 1.56 m telescope
located in Sheshan Station of Shanghai Astronomical Obser-
vatory. The information of the telescope and CCD camera is
introduced in our previous paper (Zhang et al. 2021). Like the
previous observations, Triton was observed when the opposi-
tion of Neptune happened.
It is also worth noting that the CCD camera of the 1.56 m

telescope was replaced by a new one in late of 2014, so the
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CCD images used in this paper are the last series of
observations of Triton with the old CCD camera.

With Gaia DR2 (Brown et al. 2018) as the reference catalog,
604 positions of Triton were calculated by a standard
astrometric process. Table 1 presents an extract of the observed
positions of Triton. Columns (1)–(3) are the year, month, and
decimal day, respectively, in UTC of the middle time of each

observation. Columns (4)–(6) are the R.A., expressed in hour,
minute and second. Columns (7)–(9) are the decl., expressed in
degree, arcminute and arcsecond. The final column is the IAU
site code of the Sheshan Station. The full table will be available
at the NADC/China-VO PaperData website (https://
nadc.china-vo.org/article/20200519170135), the Strasbourg
astronomical Data Center (CDS) and the Natural Satellites
DataBase (http://nsdb.imcce.fr/nsdb/home.html) of the Insti-
tut de Mécanique céleste et de calcul des éphémérides
(IMCCE, France). Here the R.A. and decl. are in topocentric
coordinates, and the time of observation is given in UTC.

2.2. Measurement and Reduction

The data in this paper were reduced with the Automatic
Astrometric Processing Program for Digital Images (AAPPDI)
software which was developed by our research group and
written in the Fortran language. The AAPPDI software contains
four modules: image preprocessing, star detection and centroid
calculation, reference star matching and target identification,
target’s position calculation and statistics analysis. The
flowchart of the four modules and the completed functions
are shown in Figure 1.

Figure 1. The flowchart of the four modules of AAPPDI software.

Table 1
Extract of the Observed Positions of Triton, the Whole Data is Available in
Electronic Form at the CDS, IMCCE and NADC/China-VO PaperData

Website

Year Month Day (UTC) α (h m s) δ(d m s) Site

2011 09 25.627326 22 3 23.0715 −12 30 56.067 337
2011 09 25.631493 22 3 23.0559 −12 30 56.136 337
2011 09 25.633576 22 3 23.0489 −12 30 56.164 337
2011 09 25.635660 22 3 23.0412 −12 30 56.275 337
2011 09 25.637743 22 3 23.0323 −12 30 56.370 337
L L L L L L

Note. Columns (1)–(3) are the year, month, and decimal day, respectively, in
UTC of the middle time of each observation. Columns (4)–(6) are the R.A.,
expressed in hour, minute and second. Columns (7)–(9) are the decl., expressed
in degree, arcminute and arcsecond. The final column is the IAU site code of
the Sheshan Station.
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The image preprocessing module has three modes to be
chosen: (1) No preprocessing; (2) Bias/Dark/Flat correction;
(3) Subtraction of background. The user can set the preproces-
sing mode in the configuration file before start. If the image
processing focuses on the positioning of the target rather than
photometry, the third mode is suggested. This mode generates a
mean background image by filtering all original FITS images,
and then subtracts the background from the original images.
This algorithm has been verified to obtain higher precision
positions (Zhang et al. 2021). For algorithm introduction and
verification results, please refer to the previous paper.
The module of star image detection and centroid calculation
also has two modes to be chosen: (1) Modified moment;
(2) Intensity square weighted centroiding. The two algorithms
are described and compared in detail in the previous paper
(Zhang et al. 2021).

In this paper, for the image preprocessing, we used the third
mode, and for centroid calculation, we used the second mode.
At the same time, the current version of the software focuses on
natural satellite image processing. Because many natural
satellites of the same major planet often appeared in the same
CCD frame, the current program can obtain positions of many
targets by automatic processing. This will make it very efficient
when dealing with images of natural satellite of Saturn and
Uranus in the future. For typical CCD frame of Triton, about 20
stars brighter than 16 magnitude were used as reference and
their positions from Gaia DR2 were used to calculate plate
constants. The six parameter model of plate constants is used
based on the residual errors of reference stars.
Before analyzing the observational images, each module of

the program has been optimized to make the whole program
more automatic. At present, the program can automatically

Figure 2. Comparison between positions of this paper and those from the latest JPL ephemeris, DE431+nep096.
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process long term observational data in batches, and generate
statistical residual graphs of comparison with ephemeris.

3. Comparison with Ephemerides

After the positions of Triton were calculated, it is necessary
to compare them with the ephemeris to evaluate the accuracy of
observations and the ephemeris. The ephemeris DE431
+nep096 (the Triton model) was selected. Table 2 shows the
comparison between the observed positions in this paper and
those from the DE431+nep096 ephemeris. This paper has 4
observational missions, which were carried out in 14 nights,
and a total of 604 positions were obtained. The statistics of
comparison in each observational night are given in Table 2.
The mean of O−C on R.A. is from− 75 mas to− 6 mas, and
the mean of O− C on decl. is from− 50 mas to 15 mas, the
standard deviation of O−C of all nights on R.A. is 19 mas–
54 mas, and the standard deviation of O−C of all nights on
decl. is 19 mas− 88 mas. The residual distribution diagram of
the comparison between the observation data and the ephemeris
is shown in Figure 2.

From the observational record, the weather on 2011
September 24/26 and 2014 September 20 were cloudy, which
affected the accuracy of the results, while the standard
deviation of positions of the rest nights are much better,
especially on 2010 September 16/17 and 2011 September
22/25.

4. Conclusions

This paper provides 604 precise positions of Triton during
2010–2014, which were calculated by AAPPDI software

developed by our research group, with Gaia DR2 as the
reference catalog. The electronic form of the data can be
obtained on CDS and IMCCE. We compared our results with
the Triton ephemeris (DE431+nep096), and gave the mean and
standard deviation of O− C for each observational night.
These four-year observational data could be useful for Triton
orbit theory research and future deep space exploration.
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