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Urban Low-Altitude Planning: Elements, Implementation Pathways,and Planning
Strategies for Ground—Air Coordination
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Abstract: The development of the low-altitude economy has given rise to new de-
mands for the integrated utilization of ground and airspace. In urban low-altitude
planning, ground-air coordination has become essential for building effective low-
altitude service networks. However, existing research has focused primarily on techni-
cal issues and lacks analysis of the elements and implementation pathways from a
spatial-organization perspective. Taking drone delivery logistics as an example, this
paper, employing a literature review and case study approach, analyzes the elements,
characteristics, and implementation pathways of ground-air collaboration, elaborates
on the practical challenges, and proposes corresponding planning strategies. The
study finds that ground-air coordination is characterized by multi-agent scenario col-
laboration, multi-target network collaboration, and multi-scale node collaboration. In
terms of implementation, it follows a pathway that ranks demand to construct a spec-
trum of service scenarios, anchors ground-based elements to organize route networks,
and integrates node facilities into the built environment. To this end, the study sug-
gests that urban low-altitude planning should identify real needs, promote hierarchical
planning, improve airspace control, coordinate route development, innovate manage-
ment mechanisms, and integrate facilities into a network. These measures can pro-
vide the spatial safeguards to advance the coordinated development of ground and

air operations.
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Fig.2 Diagram of ground—air coordinated low—altitude flight systems
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Fig.4 The logic of ground—air coordination pathway for drone delivery
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Fig.5 Diagram of low—altitude drone delivery routes in 3D environments in Nanshan

District, Shenzhen
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Fig.6  Current status of S company’s drone delivery network in Shenzhen
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