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Digital Twin—Driven Cultural Storytelling and
Immersive Experience Generation: A Case Study
of Huangyao Ancient Town

Zhuquan Yang
School of Tourism and Sports Health, Hezhou University, Hezhou, Guangxi
Abstract: Amid the accelerating integration of cultural heritage digitalization and immersive tourism development,
a key challenge lies in leveraging emerging technologies to enhance the depth, richness, and interpretability of
visitors’ cultural experiences. Focusing on Huangyao Ancient Town—an exemplary thousand-year-old heritage site
with well-preserved spatial morphology—this study proposes a three-layer virtual-physical integration framework
consisting of a Spatial-Data Twin Layer, a Cultural Narrative Layer, and an Immersive Experience Layer. Building

on this framework, the study further develops three actionable pathways: immersive cultural navigation, digital
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storytelling—based cultural immersion, and virtual simulation for governance and training, aimed at integrating
cultural presentation, narrative reconstruction, and intelligent management. Using UAV-based oblique photography,
laser scanning, and multi-source data fusion, the study constructs a high-fidelity digital twin as the spatial foundation.
Cultural knowledge graphs, event chains, and multi-modal assets are developed to reorganize dispersed cultural
elements into narrative-driven structures. Through AR/VR/MR technologies, cultural content is transformed into
perceivable, interactive, and participatory experiences. A combined application case centered on the Shiban Street—
Fengyu Bridge area demonstrates how the three-layer architecture and three pathways collaboratively enable real-
time cultural overlay, deep narrative immersion, and scenario-based governance simulation. The results reveal that
the proposed model facilitates visitors’ transition from observing culture to entering and co-creating culture, while
also enhancing the accuracy and foresight of heritage site management. This research offers a replicable “Huangyao
Model” for digital transformation in ancient towns, contributing new insights into immersive cultural experience
design, virtual-physical integration, and intelligent heritage governance. The findings provide both theoretical
implications for cultural narrative digitalization and practical guidance for immersive scene development, smart
scenic-area management, and regional culture—tourism integration.

Keywords: Huangyao Ancient Town; Digital Twin; Virtual-physical Integration; Immersive Cultural Experience;

Cultural Storytelling; AR/VR/MR; Smart Heritage Governance
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