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Abstract: [Objectives] To systematically investigate the key pathways and application models for leveraging
intelligent technologies in urban-rural integrated planning. It seeks to explore potential responses to the
complex challenges arising from China's strategic developmental shift towards the renewal and quality
enhancement of its existing urban and rural stock. In this new era, traditional planning methodologies, which
often rely on static data and experience-driven decision-making, face significant limitations in addressing the intricate
stakeholder relationships, intertwined land uses, and dynamic nature of established built environments. This review,
therefore, explores how a more intelligent, data-informed approach could better support contemporary planning
objectives. [Discussion] Addressing challenges such as the precise identification of multi-source features, the
issue of persistent data silos, and the need for in-depth cognition of complex human-environment relationships,
this paper reviews and proposes a closed-loop "Perception-Fusion-Cognition-Planning™ conceptual framework. This
framework is intended to guide the application of intelligent digitalization across the planning lifecycle. It begins with
Intelligent Perception, which suggests integrating multi-modal data from sources like high-altitude cameras and
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drones with Al-driven algorithms for the automated semantic analysis and dynamic monitoring of urban-rural
elements. This is followed by Spatio-temporal Data Fusion, which focuses on standardizing and integrating these
heterogeneous data streams onto a unified baseline, creating a consistent and reliable digital foundation for
analysis. The third stage, Cognition, employs knowledge graph technology to transform the integrated data into
deep, systemic insights by explicitly modeling the implicit relationships between spatial entities, socio-economic
factors, and regulatory policies. Finally, the Planning and Governance stage describes how an integrated enabling
platform can translate these insights into actionable decision support, facilitating scenario analysis and
collaborative workflows. A case study focused on farmland protection in Zengcheng District, Guangzhou, is
presented to illustrate the potential and feasibility of this integrated technological pathway. The case
demonstrates how the framework can be applied to achieve end-to-end governance, from automated change
detection to policy-based reasoning and targeted enforcement. [Prospect] This systematic framework offers a
potential conceptual approach for addressing the multifaceted challenges inherent in the intelligent planning for
urban-rural integration. It is hoped that this work can help facilitate a paradigm shift in planning from traditional,
experience-driven methods toward modern, data-informed "platform-based governance, " characterized by more
dynamic, evidence-based, and collaborative processes. By providing both theoretical references and practical
guidance, this review aims to contribute to the ongoing efforts to modernize spatial governance capabilities,
thereby supporting the overarching goals of sustainable and high-quality integrated development in China.

Key words: urban development; urban-rural integration; territorial spatial planning; spatial governance; intelligent
planning; Artificial Intelligence
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Fig. 3 Tasks for automatic semantic perception of urban-rural geographical elements
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Fig. 6 A Multi-layered intelligent perception network for farmland protection
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