IMMC 2026 Problem C (Greater China, Autumn) (English {#jf4& %<8
(For Teams of Junior Secondary School Only)

Optimized lighting design for a museum exhibition hall

The lighting design for a museum exhibition hall must minimize costs while satisfying both
conservation requirements for cultural artifacts and ensuring a high-quality viewing experience for
visitors. The exhibition hall is a rectangular space (30 m long, 20 m wide, and 5 m high). All four
vertical walls must achieve a minimum illuminance threshold. Three types of light sources are
available, with the following specifications:

Light Source Type Price (RMB Yuan/set) Light Intensity
I 30000 2000
1T 50000 3000
111 70000 5000

Design requirements and condition:

1. Lighting layout: Light sources can be installed only on the ceiling (at a height of 5 m above
the floor). They must avoid the exhibit area (assumed to be located in the center of the hall,
occupying a rectangular region 6mx4m).

No light sources
can be placed in
the central
exhibition area
which measures 6
meters in length
and 4 meters in
width.
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Height 5 meters

¢, ’ Width 20 meters

Length 30 meters

(The diagram is not to scale.)



Tasks

[luminance Law: All three types of light sources are assumed to be point light sources. If
the light source intensity is 7 , the distance from the light source to a point on the wall is
7, and the angle between the incident direction of the light and the normal vector of the

wallis @, the illuminance at that point on the wall can be calculated using the following
Icos@

2
r

formula: E = . Illuminance from multiple light sources is superimposed (linear

addition).

Assuming a set of point light sources with an intensity of 2000 is placed at point F', try to
establish a mathematical model for calculating the illuminance at each point on wall

AEHD | and estimate the minimum and maximum illuminance values across the wall.

To ensure the visual quality of the exhibition, the illuminance at every point on the walls

surrounding the exhibition hall must be no less than a specified threshold £ . =150.

Please develop an appropriate mathematical model and propose a lighting design scheme
that specifies the number of Type I, II, and III light sources to be used and their installation
positions on the ceiling. The design must satisfy the illuminance requirement while
minimizing cost as much as possible. (Note: multiple light fixtures may be installed at the
same location, but no fixtures may be placed within the central region of the ceiling MNOP .
[lluminance contributions from multiple light sources are additive.)

From the perspective of cultural heritage preservation, what other factors should be
considered in the study? Revise and optimize your mathematical model and lighting design
accordingly based on these factors (e.g., the illuminance at each point on the wall should not

exceed a certain threshold E_ ).



Submission

Your 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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