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Abstract

In response to the practical pain points of traditional billiards training, such as the lack of quantita-
tive motion data, reliance on cloud computing power for intelligent replay, and distortion of multi-
ball collision statistics, this article relies on the PyMunk 2D physics engine and PyGame visualiza-
tion framework to construct an integrated billiards simulation and offline Al replay training system.
The system introduces a collision cooling verification mechanism to eliminate repeated counting er-
rors caused by continuous impacts. The algorithm flow chart and pseudo-code of the mechanism are
supplemented in the subsequent chapters, and the selection basis of core parameter cooling dura-
tion is explained in detail. And it designs a two-dimensional motion visualization chart to fully rec-
ord the displacement trajectory of the white sphere and the full cycle velocity attenuation character-
istics; integrates perspective angle transformation, aiming and locking, force adjustment, and white
ball point adjustment multi-channel human-machine interaction unit; builds a lightweight local rule
Alreview module that automatically extracts multidimensional indicators such as impact frequency,
goal count, hitting power, average ball speed, etc., and outputs a layered evaluation of hitting accu-
racy and training optimization plan. Only a single formula for determining the collision distance of
spheres is introduced, without complex mathematical derivation. The results of multiple simulation
comparison experiments show that the statistical error of the system’s sphere collision is less than
1.2%, the completeness of the white sphere motion trajectory restoration is 98.7%, and the Al replay
single analysis time is less than 6 ms, and it can run completely offline locally without the need for
network and high-performance graphics card. The system is open-source, lightweight, and has zero
deployment cost. It is suitable for campus physical education teaching and amateur autonomous train-
ing scenarios, providing practical technical solutions for indoor small ball digital simulation and local
intelligent replay integration.
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Figure 1. Flowchart of collision cooling verification algorithm
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Table 1. Average collision statistics error (%) across different hitting scenarios
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Table 2. Statistics of white ball trajectory reconstruction completeness (%)
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Table 3. Average single-analysis runtime of the Al replay analysis module (ms)
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Figure 2. System simulation main interface rendered view
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Figure 3. Offline Al replay analysis panel rendered view
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Figure 4. Visualized rendered view of white ball trajectory
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