IMMC 2025 Problem D (Greater China, Winter) (English Ej{& £82)

How humanoid robots complete the action of rope jumping?
Background

With the rapid development of artificial intelligence technology, the humanoid robots that once
appeared only in science fiction films are now gradually turning from imagination into reality. The
industries around the world believe that the robots would be the next direction of artificial
intelligence technology, among which the development of humanoid robots is particularly exciting.
In May 2024, the National and Local Co-Built Humanoid Robotics Innovation Center was
inaugurated in Shanghai, which indicated the beginning of the national construction of an
innovative ecosystem for the robot industry that integrates research and technical development,

achievement incubation, talent cultivation, and platform support.

Scenarios
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Figure 1. A humanoid robot learning to jump rope

As an ideal carrier of embodied intelligence, the next generation of “intelligent terminals” in the
form of humanoid robots has arrived at a critical juncture for breakthrough development. Now, an
artificial intelligence manufacturing company called Intelligent Mechanized Manufacturing
Corporation (IMMC) invites high school student teams to conduct research on developing a rope
jumping function for the company’s latest released humanoid robot, FlexRobot. When FlexRobot
jumps, its feet exert force quickly to take off. The change in leg length can be ignored at the
moment of takeoff, while the width of the legs remains constant during the jumping process.
During completing the rope jumping action, the rope swinging movement is controlled by the

electric motors in the robot arms, which can achieve a stable and constant rope swinging angular



velocity. Moreover, with the assistance of a gyroscope device, the height of the arms relative to the
ground is kept unchanged during both the standing and takeoff processes. To prevent the rope from
irregularly bouncing back after colliding with the ground, the FlexRobot is designed to make the

lower end of the rope just pass through the ground level when jumping rope.

Tasks

1. Under the condition that the width between the two rope-swinging arms is fixed, try to
establish an appropriate mathematical model to describe the trajectory shape of the rope
movement.

2. The FlexRobot is designed to have a height of 1.70 m, with the rope-swinging arms at a
height of 1.0 m above the ground. The width between the two rope-swinging arms ranges
from 1.0 to 1.2 m (adjustable). The rope-swinging angular velocity is one circle per second,
and the width of the legs during jumping is 0.5 m. Please calculate the range of the rope
length, the magnitude of the initial velocity for each jump, and the range of the jumping
time, based on the rope jumping requirements of the robot and the trajectory model of the

rope movement.

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 responsibly, correctly,

honestly, open and transparently.
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