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Abstract 
To automate the process of planning and curating multi-target observation 
sessions, pysky application builds on the astroplan Python package to identify 
visible objects during an observation window and produce relevant informa-
tion about those objects in visual and graphical form. The package calculates 
object visibility based on a provided time window and observing location as 
well as maximum airmass and limiting magnitude requested by the user. The 
pysky application images of the target objects with identifying and astrome-
tric data to provide context for the images. In addition, pysky creates polar 
plots of each object’s horizontal coordinates, and the images and plots are de-
signed to be shown side-by-side. The package also generates an HTML table 
of the selected target objects with their related data to relay the entire target 
list as one. The pysky application draws on a variety of Python packages to 
collect and process data from databases such as JPL Horizons and SIMBAD. 
Results for a test event were verified by hand using database web interfaces. 
The pysky application provides a platform for further integration of auto-
mated observation planning with websites and apps to enhance multi-target 
observation sessions. 
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1. Introduction 

Astronomical observation of specified objects requires advance planning to 
identify the objects available during the time frame of observation. Hand calcu-
lation to project object availability to the observer has been replaced by comput-
er-based calculation, and, in the astropy universe [1] [2], the astroplan package 
provides this functionality [3]. In many contexts, an observation session may 
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focus on an array of objects to observe within a scheduled timeframe rather than 
a single specific target, and judging which targets to include may be aided by the 
relative astrometry and visualization of the target objects. 

For educational observational programming, the program designer usually 
seeks to curate an array of observation targets to present to program partici-
pants, and visualization is an important component to support participants’ as-
tronomical learning [4]. Presenting astrometric data may supplement prior 
knowledge, which has been shown to increase awe during science learning expe-
riences [5], and, by making the gaps in knowledge salient, awe has been shown 
to promote scientific investigation [6], an important goal of observatories offer-
ing public programming. 

The pysky application seeks to fill the need for multi-target observation plan-
ning and curation by: 1) automating the identification of available observation 
targets within a time window given observational constraints; 2) collecting per-
tinent data about the targets; 3) formatting and visualizing these data for session 
planning as well as public event promotion and presentation. 

2. System Overview  

The pysky source code is hosted on GitHub1. After the pysky application is in-
stalled, the user edits a preferences file to specify an observing latitude, longi-
tude, and elevation, minimum apparent magnitude, maximum air mass, and 
particular solar system objects and stellar systems that the user wishes to check 
visibility for. By default, the application searches all of the Messier [7] and 
Caldwell [8] catalog objects for visibility within specified observing parameters. 

The user interacts with the application via their terminal or command prompt 
by invoking “pysky” with a required start date and start time in ISO 8601 format 
to query their specified celestial bodies as well as the default catalogs. If the end-
ing day or ending time is not specified, the application will set the observation 
time to be for one hour after the specified starting time. The user may also spe-
cify a multi-threaded model to speed up the calculation (see Section 1 for re-
sults). 

Using astroplan [3], the application downloads and caches the IERS Bulletin A 
to accurately predict the apparent position of a celestial object from the Earth. 
Next, the application loads the predefined dictionaries of Messier and Caldwell 
objects. For solar system system objects defined by the user, the application que-
ries JPL Horizons [9] to retrieve and store the objects’ right ascension, declina-
tion, azimuth, elevation, magnitude, constellation, and illumination. Next, the 
application makes a request to SkyView [10] to retrieve the image of the object 
using the beautifulsoup4, urllib3, and requests libraries for Python. For the 
non-solar objects, the application uses astroquery [11] to retrieve the object’s as-
trometry, brightness, and classification from SIMBAD ([12]). The application 
then uses astroplan [3] and astropy [1] [2] to compare the object’s airmass and 

 

 

1GitHub: http://github.com/allenerocha/pysky, static Zenodo archive:  
https://doi.org/10.5281/zenodo.5262732. 
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apparent magnitude to the user’s specified cutoffs and eliminate disqualified ob-
jects from the observation list. 

Finally, the application generates outputs for each of the visible objects. The 
first output (if generated) is the image of the object overlaid with astrometry and 
brightness information (see Figures 2-5). This information is retrieved from JPL 
Horizons [9] for solar-system objects or from astroquery [11] for extrasolar ob-
jects. The images of stars and star systems are retrieved from SkyView [10] using 
Python’s Pillow package. The next output generated is the HTML table contain-
ing each object’s name, classification, astrometry, and brightness as shown in Ta-
ble 1. The final output generated is a polar scatter plot for each object using as-
troplan [3], astropy [1] [2], and NumPy. One point is plotted for every 15 minutes 
in the observation time (see Figures 2-5). All figures and plots are saved with the 
HTML table in one directory for convenient display of the images in a slideshow. 

 
Table 1. Table of select objects of apparent magnitude 5.0V >  and zenith angle ( )sec 11.0z <  on 2020 December 21 22:00:00 

UT to 2020 December 22 00:00:00 UT viewed from the Hawthorn Hollow Schoolyard Observatory in Kenosha, Wisconsin, USA. 
Table highlights information about potential viewing objects for scrutiny by observatory users. Object-type descriptions, constel-
lation, brightness, and distance values for star systems and deep-sky objects are pulled from the SIMBAD database using astro-
query. The same values are retrieved from JPL Horizons using astroplan, and the starting and ending horizontal coordinates for all 
objects are calculated using astroplan. 

Name Type Start Alt. (˚) Start Az. (˚) End Alt. (˚) End Az. (˚) Constellation Brightness 
Distance 

(Pm) 

Achird 
High Proper- 
Motion Star 

61 44 74 18 Cassiopeia 3.44 183 

Albireo 
Double Or  
Multiple Star 

55 259 33 280 Cygnus 3.08 4108 

Capella 
Spectroscopic 
Binary 

20 45 37 58 Auriga 0.08 404 

Deneb 
Evolved  
Supergiant Star 

74 287 53 293 Cygnus 1.25 13357 

Jupiter Planet 21 210 6 235 Capricornus −2.0 0.00088673 

Mars Planet 37 114 53 149 Pisces −0.5 0.00012113 

Mizar A 
Spectroscopic 
Binary 

16 334 9 350 Ursa Major 2.22 783 

Neptune Planet 39 158 40 198 Aquarius 7.8 0.00450591 

Polaris Classical Cepheid 43 1 43 1 Ursa Minor 2.02 4092 

Saturn Planet 21 210 6 235 Capricornus 0.7 0.00161996 

Uranus Planet 30 99 50 127 Aries 5.7 0.00286838 

Vega 
Variable Star Of 
Delta Sct Type 

50 283 29 297 Lyra 0.03 236 

Moon 
Satellite (Phase: 
First Quarter) 

35 144 42 181 Pisces −10.1 0.0000004 
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Continued 

M31 Spiral Galaxy 62 80 84 100 Andromeda 3.4 23,000,000 

M45 Open Cluster 20 75 42 95 Taurus 1.6 3700 

M52 Open Cluster 68 23 70 344 Cassiopeia 6.9 47,000 

NGC 869 Open Cluster 49 47 65 43 Perseus 3.7 69,000 

NGC 884 Open Cluster 49 47 65 43 Perseus 3.8 69,000 

NGC 7000 Nebula 77 284 55 290 Cygnus 4.0 17,000 

Mel 25 Open Cluster 8 76 30 96 Taurus 0.5 1400 

2020-12-21T22:00Z/2020-12-22T00:00Z. From Latitude: +42.6499, Longitude: −87.8791, Elevation: 0.204 km, Min V: 5.0, sec(z) 
max: 11.0. 
 

Figure 1 depicts system overview described above. Parallelization over threads 
is implemented for JPL Horizons and SIMBAD queries, SkyView image retriev-
al, visibility cutoff evaluation, image overlays and plot generation. In each case, 
the total number of objects processed will be divided by the number of threads 
requested. Tests of the efficiency of thread parallelization are described in Sec-
tion 1. 

3. Main Results  

For the following experiments, we choose an observation time frame that in-
cludes the Great Conjunction of 2020 from 2020 December 21 at 22:00:00 UT to 
2020 December 22 at 00:00:00 UT, observed from the Schoolyard Observatory at 
Hawthorn Hollow Nature Preserve and Arboretum2 in Kenosha, Wisconsin, 
USA, located at −87.8791˚ +42.6499˚. We choose a minimum apparent magni-
tude threshold of 5.0 and a maximum sec z threshold of 11.0. The astronomical 
objects parsed for each experiment are: all Messier objects, all Caldwell catalogue 
objects, the eight solar planets, and a selection of bright and multiple star sys-
tems: Polaris, Mizar A, Vega, Sirius, Capella, Procyon, Castor, Albireo, 145 CMa, 
Achird, and ι Cnc. Parallelization tests were performed on three different ma-
chines, increasing the number of threads and repeating the calculation. At the 
end of the run, the application produces a sky plot for each object’s movement 
during the observation time window, an image of the object with its properties 
overlayed, and a row in a generated HTML table. 

Figures 2-5 show the resulting overlaid images and plots under the conditions 
described above for a prototypical object in each major category: solar system 
(Jupiter), deep sky (Andromeda Galaxy), stellar (Polaris), and the Moon. The 
image of Jupiter was taken from the Hubble Space Telescope and scaled to ap-
proximate the apparent diameter seen in the observatory telescope. The image of 
Andromeda Galaxy and all deep-sky objects, as well as the Moon phase images, 
are sourced from Wikimedia Commons. The images of star systems such as Po-
laris come from the Mellinger Optical Survey ([13]). 

The astrometry data overlaid on each image is designed to place the object  

 

 

2http://www.hawthornhollow.org/observatory/. 
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Figure 1. Diagram depicting high-level view of the pysky application architecture. User inputs (depicted on the left) [green] lead 
to the application flow [blue], which calls on various other Python packages (astroplan, astroquery italicized) [orange] or external 
tools (IERS Bulletin A, JPL Horizons, SIMBAD, SkyView in boldface), and generates the requested outputs (depicted on the right) 
[purple]. Double lines signify processes that are parallelized. 

 

 
Figure 2. Image of Jupiter with overlay attributes and plot of Jupiter horizontal coordinates starting on 2020 December 21 
22:00:00 UT and ending on 2020 December 22 00:00:00 UT viewed from longitude −87.8791, latitude +42.6499. Images are over-
laid with naming, categorizing, and astrometry information to contextualize the data. A polar plot of the horizontal coordinates 
during the observing window is generated for each of the identified visible objects (see also Figures 2-4). Such plots are intended 
to ease observatory use to look for the location and movement of the object in the night sky away from the telescope.  
 

in its astronomical context. The polar plot identifies each object’s position in ho-
rizontal coordinates during the viewing window to enable observatory users to 
find that object in the sky away from the telescope. 
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Figure 3. Image of M31 with overlay attributes and plot of M31 horizontal coordinates starting on 2020 December 21 22:00:00 UT 
and ending on 2020 December 22 00:00:00 UT viewed from longitude −87.8791, latitude +42.6499. pysky searches the Messier and 
Caldwell catalogs for objects visible during the observation window, and, for each of objects found, an image of the object is out-
put with the information retrieved from SIMBAD overlaying the image. As with planets and stars (user-specified objects), a polar 
plot of the object’s horizontal coordinates during the viewing window is output after the image is retrieved and annotated. 
 

 
Figure 4. Image of Polaris with overlay attributes and plot of Polaris horizontal coordinates starting on 2020 December 21 
22:00:00 UT and ending on 2020 December 22 00:00:00 UT viewed from longitude −87.8791, latitude +42.6499. For each of the 
visible stars requested by the user in the input file, an image of the star is output with the information retrieved from SIMBAD 
overlaying the image. As with the planets and catalog objects, the polar plot of the star’s horizontal coordinates during the viewing 
window is output (in this case, showcasing Polaris’s visibly insignificant movement during two hours). 
 

Table 1 shows the output HTML table containing name, category, horizontal 
coordinates, and astrometry information designed for online publication to provide  
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Figure 5. Image of the Moon with overlay attributes and plot of the Moon’s horizontal coordinates starting on 2020 December 21 
22:00:00 UT and ending on 2020 December 22 00:00:00 UT viewed from longitude −87.8791, latitude +42.6499. Moon phase, 
brightness, and distance information for the observation window are retrieved from JPL Horizons, and the relevant image of the 
Moon in the current phase is sourced from Wikimedia Commons and overlaid with the information. Just as with other objects in 
the observing list, a polar plot depicts the Moon’s positions during the observing window. 

 
information beforehand to observatory users about potential viewing targets 
during an observing session. The HTML table caption contains the observation 
start and stop times in ISO 8601 format followed by the observing location’s 
geographic coordinates together with the cut-off values for the apparent visual 
magnitude and airmass. Horizontal coordinates were rounded to the nearest de-
gree since visual acuity does not require further precision. These coordinates for 
objects in Table 1 were manually cross-checked with Stellarium [14] and, for 
solar-system objects, the web interface of JPL Horizons. All distances were con-
verted to petameters (1015 m) for uniform depiction of solar and interstellar dis-
tances in a unit comparable to a light-year yet easily reducible to a human-scale 
length. 

The application was developed to leverage multithreaded CPUs in order to 
reduce the execution time. Results of parallelization tests depicted in Figure 6 
show a reduction in wall time with increasing thread number that appears to 
become insignificant after reaching 50% of single thread time at four threads. 
The wall time leveling out at 4threadN >  is likely due to network bottleneck 
when retrieving the images from the SkyView server. This bottleneck could be 
overcome by increasing the network bandwidth, or by caching the SkyView im-
ages after downloading so that the application will reuse an image in another run 
instead of redownloading. Still, the total computational time of only a few mi-
nutes together with the limited scale of the number of potential target objects in 
an observation window diminishes interest in further algorithmic optimization. 
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Figure 6. Wall time of pysky calculations with differing number of computational threads 
on three different machines (red circles, green diamonds, blue squares) for parameters 
described in Section 1. Corresponding curve fits guide the eye. Reduction in wall time 
from increased thread number appears to become insignificant after reaching 50% of sin-
gle thread time at four threads. 

4. Conclusions and Suggestions  

The pysky application is a Python-based multi-target observation session plan-
ning application that produces overlaid images and sky plots of potential view-
ing objects together with an HTML table of their basic information. The pysky 
application allows observation planners to focus on their session goals, reducing 
the need to sort through maps or visualization software to bring together infor-
mation on the fly while promoting ready visualization and curation of informa-
tion for an observation session. 

Future directions for pysky include: sorting the viewing list by the right ascen-
sion to assist with planning the order of viewing, adding a marathon functional-
ity for all-night observation sessions focused on a particular catalog or object type 
or observing field, integration with mobile apps designed to provide easier access 
to the output data, and use of astronomical visualization metadata standard [15]. 
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