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Deployment paradigm of ''sparse anchor points"

for the protection of revolutionary sites: research

on lightweight cultural and museum interaction
system integrating UWB and visual SLAM

Liu Sha, Yu Mengyuan, Wu Shuizhen, Liu Zhijin', Ao Jiayu

( College of Science and Technology, Jiangxi Normal University, Nanchang 332020, China )

Abstract: Immersive digital transformation of the Red Revolution site is a national strategic requirement,
but traditional high—precision positioning solutions rely on dense anchor points, posing a challenge to building
protection. This article proposes a lightweight deployment paradigm of "minimizing infrastructure intervention"
to address the rigid constraint of "strictly prohibiting large—scale wiring and drilling", and achieves low—cost and
high—precision spatial perception through sparse anchor points. The core innovation is to construct a tightly coupled
fusion positioning algorithm between UWB and visual SLAM, which integrates UWB absolute distance and VIO
relative motion estimation through nonlinear optimization, suppresses cumulative drift, and overcomes multipath
interference and other problems. In actual tests in Jiangxi, Shaanxi and other places, deploying only 4 UWB anchor
points achieved an average accuracy of 8.7 centimeters, with key areas better than 5 centimeters. The research

also established an Accuracy Cost Interaction 3D evaluation model to provide quantitative decision—making tools
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for different sites. Compared to traditional solutions, the new paradigm reduces costs by 18% -25%, shortens

construction periods to 3-5 days, and achieves "zero damage" installation. Finally, the effectiveness of this paradigm

in enhancing visitor engagement and extending stay time was verified through the case study of the "Pupil Boundary

Tracing" system, providing a theoretically advanced and engineering feasible solution for the digital upgrade of red

cultural heritage.

Keywords: protection of revolutionary sites; Minimize intervention; Sparse anchor points; UWB ; Visual SLAM;
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