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Abstract: Spatiotemporal information digital intelligence platforms constitute an indispensable foundational infrastructure for
constructing and operating smart cities, representing the technological linchpin for realizing a truly intelligent urban twin. However,
enabling machines to break down information silos, comprehend urban spatiotemporal evolution, and uncover latent patterns presents a
frontier challenge at the intersection of artificial intelligence (AI) and geographic information science (GIS). Traditional systems,
engineered for structured data, struggle with the velocity and heterogeneity of contemporary urban data streams. This gives rise to three
critical challenges: fragmented processing of multi-modal data obstructs a holistic view of the “urban pulse”; a persistent semantic gap
impedes the transformation of vast data volumes into actionable knowledge; and a disconnection between perceptual, data-driven
approaches and established mechanistic models constrains our ability to understand causal relationships, consigning urban management
to a reactive posture rather than a proactive one. This study confronts these challenges by proposing and developing a comprehensive
spatiotemporal information digital intelligence platform. Its architecture is meticulously designed around the full lifecycle of
spatiotemporal information, encompassing five key stages: intelligent perception, intelligent fusion, intelligent cognition, intelligent
decision-making, and intelligent services. This framework methodically guides the transformation along a “data-information-knowledge-
service” value chain: raw multi-source data are acquired through perception; they are organized into structured information via fusion;
patterns and insights are extracted as actionable knowledge during cognition; and this knowledge ultimately drives intelligent
decision-making and targeted service delivery. This architecture fundamentally shifts the paradigm of urban governance from fragmented
reaction to integrated, predictive foresight. The research introduces significant innovations across several domains. First, in intelligent
perception, we established a ubiquitous sensing framework for monitoring urban human-land interactions, integrating both physical and
social sensing modalities. This was accomplished by developing a novel gated deep residual optimization network (GD-ResNet), which
adaptively enhances information flow between feature layers to capture both fine-grained local textures and overarching global spatial
structures from remote sensing imagery. Second, to surmount data management bottlenecks, we devised a high-performance organization
and adaptive visualization system. A core innovation is a global-local hybrid spatiotemporal indexing mechanism that creates a unified
framework for efficiently querying petabyte (PB)-scale heterogeneous data. This is augmented by an adaptive visualization engine that
supports collaborative, hypothesis-driven exploration for decision-makers. Third, in intelligent cognition, the research developed
advanced models offering both diagnostic and prognostic capabilities. By bridging the gap between empirical observation and physical
reality, models for phenomena such as urban waterlogging not only identify current risks but also predict future vulnerabilities under
various development scenarios, enabling decision-makers to understand the causes of events and simulate potential outcomes of
interventions. These technological advancements were systematically integrated into the unified digital intelligence platform. The
platform has been successfully deployed and widely applied across numerous sectors, including urban master planning and land
management, economic operations, public safety, and ecological conservation. By providing a scientific basis for fine-grained urban
governance and evidence-based decision-making, as demonstrated by practical applications in enhancing land-use efficiency and
optimizing resource allocation.
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