IMMC 2026 Problem A (Greater China, Autumn) (English {51k ££§8)

Question and background

Fig.1 Chinese Twenty-Eight

Constellations Chart
(Courtesy of the Astronomy
Laboratory, Department of
Physics, Cheng Kung

University, Taiwan, China)

Is it possible to redefine the constellations in a more
convenient way, while retaining their identifiability with the
naked eye and the existence of an “emotional” or “symbolic”
description that facilitates in memorisation and naming?

Tasks

1. Study the attached dataset from Yale Bright Star

=

New Constellations

Vega and Altair flank the Milky Way;

Orion and Antares part night and day.
- Liweng Rhythm

Since time immemorial, people have observed the starry sky and seen
groups of stars (and other objects) forming structures that are easy to
find and identify — constellations. Different cultures have developed
their own systems for dividing the starry sky into constellations: Greco-
Roman - from which the modern system adopted by the International
Astronomical Union (IAU) derives — as well as Chinese, Indian, and
others.

In the modern astronomy, the 88 commonly accepted constellations are
defined as areas of the celestial sphere, rather than simply sets of stars
— this excludes “empty” areas that are not included in any constellation.
However, the purpose of distinguishing constellations is still to
facilitate the visual identification of areas of the celestial sphere when
viewed with the naked eye. At the same time, for historical reasons,
constellations have rather irregular shapes corresponding to various
images — mythical heroes, animals, and objects.

Catalogue (Hoffleit ef al., 1991, 5th Revised Edition;
https://vizier.cds.unistra.fr/viz-bin/VizieR ?-source=V/50 ) — it

Fig.2 Drawing of Orion constellation from

contains 9,110 stars visible with naked human eye.

Construct a visualisation of the celestial sphere, taking

the catalogue Prodromus Astronomae by
Johannes Hevelius, 1690  (Image from

Internet)

into account that stars’ right ascension (RA) and

declination (DE) are basically spherical coordinates of the star on the celestial sphere. Ensure

that the visualisation allows you to perform a standard observational astronomy action —
finding the North Star (Polaris) using the ‘edge’ of the Big Dipper (Ursa Major).


https://vizier.cds.unistra.fr/viz-bin/VizieR?-source=V/50

Important additional information:

a. “asu.tsv” is the main Catalogue, it is a text file with fields delimited with “;” and
comment lines starting with “#”; important fields are “ RAJ2000” — decimal right
ascension in the J2000 epoch, “ DEJ2000” — decimal declination, “‘HR” — star number,
“Vmag” — visual magnitude; a few objects have empty RA and DE fields and these
objects should be excluded.

b. Visual magnitude is an inverse logarithmic measure of visible brightness relative to the

visible brightness of Vega: m =~ —2.5log;, ( ), where F is the visible

Fyega
brightness. Hence, myegq = +0.03, Mgiriys = —1.46, Mpoiaris = +2.02. Bigger m
means a less visible star: difference of 1 in m corresponds to an approximately 2.512
times difference in visible brightness. m = +6 or m = +6.5 is usually considered to
be the limit of visibility.

c. To identify famous stars, you can use the attached file “asu_names.tsv”’, which
provides association between HR numbers and names. Useful keys are HRpolaris=424;
HRpune=4301; HRmerak=4295; HRvega=7001; HRsirius= 2491.

d. To identify standard IAU’s constellations, you can use the attached database
“asu_constellations.tsv”’ (Davenhall et al., Constellation Boundary Data, 1989,
downloaded from https://cdsarc.cds.unistra.fr/viz-bin/cat/V1/49); in “ RAJ2000” and

“ DEJ2000” fields, it provides “corner points” of constellation boundaries, with the

name of constellation given in the “cst” field in the standard 3-letter form; full names
of constellations can be obtained, for example, from here:

https://cdsarc.u-strasbg.fr/ftp/cati/vizier/constellations.htx; note that Serpens is a two-

part constellation encoded separately as “SER1” and “SER2”.

Propose a model for dividing stars into groups — i.e. “new constellations” — that look
identifiable, separated from each other, convenient for practical observations with the naked
eye, and possibly include other convenience considerations. The division criterion should be
clear and quantitative, and the proposed division should be as optimal as possible in terms of

this criterion.

You are free to define the “new constellations” either as sets of visible stars, or as segments of
the celestial sphere. Dimmer, less visible stars can be omitted from the analysis; although full

classification of stars is better.

Note that some of convenient options for quantifying the pairwise proximity of points on a
sphere are the “great-circle distance” and the length of a chord connecting the points. Both
have relatively simple expressions that use the longitude and latitude (here, RA and DE) of the

points.

For the resulting “new constellations”, create a system of names associated with the images

“visible” in the pattern of the stars in each constellation. Since this task is essentially an image


https://cdsarc.cds.unistra.fr/viz-bin/cat/VI/49
https://cdsarc.u-strasbg.fr/ftp/cati/vizier/constellations.htx

recognition problem with an extremely wide range of possible images, artificial intelligence
(AI) systems that work with both graphic images and text may be a suitable intermediate tool.
The ability to recognise an “interesting” object in the star pattern can be back-propagated into

the criterion of constellation formation in the previous Task as one of the factors.

Submission

Your team's solution paper should include a 1-page Summary Sheet. The body cannot exceed
20 pages for a maximum of 21 pages with the Summary Sheet inclusive. The appendices and
references should appear at the end of the paper and do not count towards the 21 pages limit.

Special Note

The principles of Honor System of IMMC also applies to the use of LLMs (large language
models) or generative Al tools. If a team uses any large language model or generative Al tool in
completing the modeling tasks, from problem research, model development, programing to
paper/report writing, the team must make honest, open and transparent disclosure, including
making in-text citations and detailing relevant content in the "References"” section. It should be
recognized that although large language models or generative Al have the advantages of
productivity tools, they also have obvious shortcomings and pose risks to users (such as Al-
generated content containing Al hallucinations or possible plagiarism in the produced content).
Whether or not using large language models or generative Al tools itself in the team’s work has
no impact on judges' evaluation; the judges seriously remind every team that if any Al tool
would be used, use it correctly, honestly, open and transparently.
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