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Abstract x)

For amateur astronomers, it is not easy to find a specific celestial Obj ti nlght
sky. The celestial calculations are also complex and hard te be ¢ chleved
However, there are very few numbers of supporting to i!’&gthem represent a 3D
celestial map rendering platform which reproduces_t t sky at the specific
time and location. With the OpenGL-based fu@— raph es our platform
brings a sense of spatial realism, with user-frien mterf r the more accurate
celestial map rendering, we referred to a set re than stars from the famous
celestial lists such as the Messier list, the SC lis % others. For each celestial
object, our system provides three-di nal vie additional two-dimensional
simulations for more details. Since»& dev @%%dn typical PCs, our system can
provide accurate celestial in”an m% e manner, without any special
equipment. Our system is he for amate astronomers and ordinary persons to find
the specific celestial object in the real nig g@

Keywords: celesw night st&lmulator 2D simulation
1. Introdu \&

There are us kimd celestial objects including stars, planets, satellites, and
constellations in the nig y. Each celestial object has its own location and appearance,
according to its origi oving path, the rotation and the revolution of the earth, and the
observation poi time. Solar planets and moons change their locations and
appearances relatively frequently, while far-away fixed stars usually keep their locations
and appear%és«

Typlc tronomical catalogues show the positions of stars, or more precisely, their
ri S|ons and declinations [1]. However, it is not easy for ordinary persons to get

% ocations of specific stars from this astronomical information. Complex and
heavy” computations are required to get the exact star locations even with high-priced
special devices, in the ever-changing night sky.

In this paper, we represent a 3D graphics application program to easily tracking the
location of celestial objects, as shown in Figure 1. Though specifying a few intuitive
choices, users can get the exact virtual night sky on PC screens. Our system was
developed on the ordinary PCs with the OpenGL 3D graphics library [2-3]. It finally
shows realistic celestial maps much similar to the real night skies.

Among various computer programs for supporting astronomical observation, Google
Sky may be one of the most popular ones [4]. As shown in Figure 2, Google Sky uses the
real astronomical photographs from the Hubble space telescope, and makes them
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directly to be their celestial maps. Thus, the users of Google Sky can find various
celestial objects explicitly on the real photographs.

Q Figure 2. A Snapshot from Google Sky]

% their intuitive and clear user interfaces, Google Sky receives honorable mentions

that “they reproduce the night sky on the PC screens. In contrast, the system
fundamentally supports two-dimensional data, since they are based on the photographs.
Due to distortions on the photographs and other processing errors, their results are not so
accurate to be used for regular astronomical observations. Additionally, they always
require internet connections, while most vista points for the astronomical observations
are usually far away from the internet connections.

Astronomical telescope manufacturers know well that most amateur astronomers have
difficulties in using their astronomical telescopes [5]. Thus, most manufacturers provide
various observation supporting devices, as shown in Figure 3. These devices are still too
expensive to be poplar. Most of them only support two-dimensional simple
configurations.
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[}
Figure 3. An Observation Supporting Device for Vixen Astrono ié‘)
Telescopes %&
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Figurév Snapshot from the Stellarium Program

Stellarium [ one of the most popular celestial map rendering programs for
ordinary u&x‘_{yyhich is also the goal of our work, as shown in Figure 4. This program
shows ni ies in the PC screens, with modern 3D graphics technology. This program
provid@ t of required information, for regular celestial operations. However, it lacks
t d description of diurnal motions for various celestial objects.

work provides similar results with the popular celestial map rendering programs,
including Stellarium. Additionally, our result shows the detailed diurnal motions in two-
dimensional and even three-dimensional graphics output. Although we have a set of
celestial map rendering programs, they do not provide their implementation details. We
will present the design and implementation details of our work, and it is the first
literature on this topic, at least to the best of our knowledge.

2. Design and Analysis

Our system aimed to produce the virtual night sky at the user-specified location and
time. Additionally, according to the lapse of time, it simulates the exact motions of the
celestial objects. Figure 5 shows the overall architecture of our system.
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Figure 5. The Overall Architecture of Our System

o

Our system uses our own algorithms to get the altitude and azimuth of each celestial
object, from the location and time settings. After a mass of these ast ical
calculations, we render all the stars, planets, and constellations on thg’s at the

precise locations. o

Although each celestial object has its own right asceﬁ@and de@ons, we need
a set of algorithms to get the relative location on the @%9 apply\‘gthf otation and the
revolution of the earth. Another set of algorith equire%‘;)} culate the diurnal
motions of solar planets, since their motions are Semewhat“ditferent from the outside
fixed stars [7-8]. .

For the precise rendering of the night@/, we us %acted information on each
astronomical object from the astropontical datapases.” There are more scholarly
databases, such as the list of Messier. E%}ts (orth sier list) [9] and the Yale Bright
Star Catalogue (or the Yale BS Ii@[ 0], fromvasious astronomical societies.

We finally used the Messi€rligt, the Yale-BSClist, and the solar system, to render the
virtual night sky. Our system covers more& 10,000 astronomical objects, and can be
extended to additional (ﬁﬁ

es.
Figure 6 shows on ton of ou)f:m%nal algorithm architecture for the Yale BSC
and the list of Messieryobjects display. As shown here, the altitudes and azimuths of

celestial obje Iculat mthe current location and time settings, based on the
Yale BSC a list of M@ie objects.
bAlgorithm for fixed stars

\
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Figure 6. The Overall Algorithm Flow Design for the Yale BSC and the List
of Messier Objects

The Yale BSC list and the list of Messier objects are two of the most famous celestial

object lists in astronomical observation. In these lists, we can find its name, category,
right ascension, declination, and other various celestial values, for each celestial object.
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Through building up a large database from these lists, we can easily extract the required
celestial values, as shown in Figure 6.

2.1. Calculations for the Messier List and the Yale BSC List

In the overall flow design, our algorithm starts from the right ascension and
declination values found in the celestial lists. Providing the current date and time, our
system calculates the corresponding Julian Date (JD) and the Universal Time (UT).
Then, it also calculates the Greenwich Sidereal Time (GSTO0). The right ascension (RA)
value of the celestial object is converted to the azimuth and altitude at the given position,
with its longitude and latitude values. Through connecting pre-specified celestial objects
with line segments, we can display the corresponding constellations. The more details of
the celestial object-related calculations will be shown in the followings.

In most astronomical almanacs, they give us the right ascension and
values of each astronomical object. Using these values, we need to calcu
and azimuth at the given location. Given a radius value, we get the th S|onal (x,
y, z) coordinates from the altitude and azimuth values. ‘% %

In astronomy and celestial navigation, the hour ang e coordinates

Nt on the celestial
. one containing the

used in the equatorial coordinate system to glve tion of a
sphere. The hour angle of a point is the angle b pleen twi

Earth's axis and the zenith (the meridian plan d the ot er containing the Earth's axis
and the given point (the hour circle passmg gh the‘r&
The local hour angle (LHA) of an 0 the observeb’s sky is

Oun =051 —a %\\

a=0 — ‘9LHA

Where 0 | ya is th hour a \% the object, @ st is the angle for the local
sidereal time, and o Kﬁ objectzs\right ascension (RA). These angles can be measured

or

in time (24 ho ircle) egrees (360 degrees to a circle).
Based on al hour 6 L1a and the right ascension ¢, the altitude h and the
azimuth A can“be calcu% foIIows:
sinh =sin ¢sm%§ 0S¢ COS S COS HA

and

an \ —cososin HA
Sin o cos¢ — cososin gcos HA

% |s the geodetic latitude, and J'is the declination, at the specified location.

ost programming languages, the above equation can be rewritten with atan2 (or
arc tahgent) function, as follows:

—cososin HA
sin & cos¢ — cos o sin ¢ cos HA
= atan 2(—cos o sin HA, sin 6 cos¢ — cos o sin ¢ cos HA) '
Most celestial objects in the Messier list and the Yale BSC list are sufficiently far
away, except solar objects. Thus, those objects show very small changes in their right
ascension and declination values. Thus, assuming that the distances from the earth to

those objects are sufficiently large, their (X, y, z) coordinates on the celestial sphere can
be calculated from their azimuth and the altitude calculation results.

A=tan*
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2.2 Calculations for Solar Objects

The celestial objects in our solar system show relatively large changes in their right
ascension and declination values, in contrast to the faraway stars listed in the Yale BSC
list and the Messier list. Additionally, each planet has its own revolution speed and
revolution orbit, and thus, each planet requires its own detailed calculations to trace it. In
the case of satellites or moons, we need a couple of calculations: the moon revolves the
earth, while the earth itself revolves the sun. Thus, the orbit calculations are much
complex in comparison to the faraway stars.

Our overall calculations are performed in three stages. At the first stage, the current
location of a planet is calculated with respect to its own orbit plane. And, at the second
stage, the calculated locations are projected to the plane of the ecliptic, to get their
heliocentric longitude and heliocentric latitude. At the final stage, the cente thé
coordinate system is transformed from the sun to the earth, and we final%gg; the
celestial longitude and celestial latitude. The celestial longitude and | efare also
known as the ecliptic longitude and latitude, respectively. .

From the ecliptic longitude and latitude, we get t Q'Agtic al nd azimuth.
These values are finally transformed to get the final nd4zimuih at the current
location, based on the values of the right ascen clination, current time, as
shown in Figure 7.
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@ Figure 7. Algorithmic Flow for Solar Objects

In celestial mechanics, mean anomaly means a parameter relating position and time
for a body moving in an orbit. It is based on the fact that equal areas are swept in equal
intervals of time by a line joining the focus and the orbiting body. The mean anomaly
increases uniformly from 0 to 2r radians during each orbit. However, it is not an angle.
Due to Kepler's second law [11], the mean anomaly is proportional to the area swept by
the focus-to-body line since the last periapsis.

The mean anomaly is usually denoted by the letter M, with respect to the time t, and is
given by the formula:

G(M*+m)

a3

M=nt=t
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Where n is the mean motion, a is the length of the orbit's semi-major axis, M* and m
are the orbiting masses, and G is the gravitational constant. The mean anomaly is the
time since the last periapsis multiplied by the mean motion, and the mean motion is 2n
divided by the duration of a full orbit.

In another way, the mean anomaly M for a planet can be calculated as:

360 D
=——X—+¢
365242191 T,

Where T, is the tropical year, ¢ is the average longitude of the planet, and w is the

longitude at the perihelion. The true anomaly v of a planet can be calculated from the
following equations:

v=M +esinM
Where e is the orbit eccentricity of the planet. The next step is gett@ cllptlc

longitude | as follows:
l=v+ow \A% @
or more precisely, Q'Q x})
360 D 360 36 D %‘F

——————x—+—0sin( X — +
T 365242101 T, 7 36 1 T;,\%
Also, we get the radius r from the fo@mg eq %
_a-e) & f@
l+ecosv %
The above calculat%@vr the gcli ongitude | and the radius r would be
t

performed for both,of, lanet earth, independently. Letting the ecliptic
longitude and th he ear and R, respectively, the geocentric longitude A
and the geocenttj tude alculated separately for the inferior planets and

superior pla

planet
planet

earth
sun

(a) For Inferior Planets (b) For Superior Planets
Figure 8. Calculations of the Geocentric Longitude: (A) For Inferior
Planets, and (B) For Superior Planets

As shown in Figure 8, the geocentric longitude A is calculated as:

ﬂ:tanl( Rsin(I'-L) J+,
r'-Rcos(l'-L)
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For the inferior planets, and
A=r+L+tant rSnE=T)
R—r'cos(L-1")

For the superior planets.
The geocentric latitude [ is calculated as the following equation:

r'tanysin(A-1"
Rsin(lI'-L)
Where the angle  is the angle between the current position and the projected position

of the planet, as shown in Figure 9. Now, the geocentric longitude and latitude values fog
a planet are used to display it on the three-dimensional virtual night sky Q t

,thanl[

screen.

sun

’

Z @ position
<

Figure 9. (ﬁ&&lation.of &eocentric Latitude

, \
3. Results and Disc §ion ,&

Figure 1 shows shot of dur celestial map rendering system. At the top of the
screen, the systeq epts %nt time, the latitude and longitude of the current
location, to fend&rthe curremh sky at the current location. Also, user can specify
other city narmes-or oth es of latitudes and longitudes, to render the fully-different
night skies at the newl ified location.

On the right sid of user interface buttons are provided to turning on and off the
rendering of the @ sky, constellations, and planets. When a specific star or planet is
selected, its detailed information is shown, based on the list of Messier objects, the Yale
BSC, and c%astronomical catalogues. We can drag the whole virtual night sky on the

screen Wi®1e left mouse button. The middle wheel on the mouse can be used to zoom

in @for a specific celestial object.
time display on the upper side shows the current local time, in our default
on

c urations. When the user provides a specific time and/or the latitude and longitude
of a specific location, he/she will get the corresponding virtual night sky just at that time,
at that location. The radio boxes and check boxes on the right side of our user interface
are selections on the rendering options. For example, user can choose only constellations
or only planets to be displayed on the screen.

Our system calculates the new positions of the whole celestial objects on the screen,
based on our algorithms explained in the previous sections. Since the earth rotates on its
axis continuously, we need these calculations at least for every second.

Figure 10 shows snap shots from diurnal motion graphs, which is provided as an extra
feature of our celestial map rendering system. When the user selects a specific star and
some additional settings, this feature presents a set of motion graphs to precisely check
the realistic diurnal motions.
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4. Conclusions Q \%

For amateur astronomers, the tlal C \ens are complex and hard to be

correctly achieved. In contrast, e very number of supporting tools at this
time. We thus plan to provide ¢ uterlzed porting tools for astronomers.

We developed a celesti ap re ystem based on the precise astronomical
information and mode graphl ures. Our system provides most of famous
celestial catalogue |ng the4list Of Messier objects, the Yale BSC list, planets,
constellations, a bjects. Thus, our system finally displays more than
10.000 majo I objects ch of them, our system provides three-dimensional

views and a al t nsional simulations for more details.
Our mplementaﬂo%essfully produces the virtual night sky from user settings.

Some defects on the ous systems are also compensated. Conclusively, our system is
helpful for amat ronomers and ordinary persons to find the specific celestial object
in the real nigEt S
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