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A Computational Framework for Spatiotemporal Urban Vitality Modeling in
Precision Urban Design
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Abstract: As China's urban development shifts toward enhancing the quality of the
existing built environment, fostering urban vitality has become a key objective of ur-
ban design and renewal. However, existing urban vitality assessments mainly rely on
post-development observations, limiting their ability to support the optimization of ur-
ban design proposals during the planning stage. This study integrates multi-source ur-
ban data with machine learning algorithms and proposes a computational framework
for spatiotemporal urban vitality modeling. The framework combines fine-grained
built environment data and Location-Based Service (LBS) data and employs a Long
Short-Term Memory (LSTM) neural network architecture to capture spatiotemporal vi-
tality patterns. Based on the design indicators of urban design proposals, this ap-
proach enables the generation of block-scale vitality curves at an hourly temporal
resolution. Furthermore, transfer experiments and practical applications are conducted
to validate the method's cross-city adaptability and practical applicability. By introduc-
ing a spatiotemporal vitality perspective into urban design evaluation, this study pro-
vides a quantitative approach to support urban design optimization and vitality en-

hancement.
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Tab.2 Frequency and proportion of influencing factors of urban vitality in the core literature
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Fig.6  Generated vitality curves for urban renewal proposals
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