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Research on Simulation Modeling for Low—-Altitude Air Situation Risk Early Warning
Hang Chen
Guangzhou College of Commerce

[Abstract] With the deepening of low—altitude airspace reform and the explosive growth of emerging aircraft
such as Unmanned Aerial Vehicles (UAVs) and electric Vertical Take—Off and Landing (eVTOL) aircraft, safety
risks in low—altitude airspace have risen markedly. Conventional Air Traffic Management (ATM) approaches
struggle to satisfy the needs of high—density, highly dynamic low—altitude flight supervision and risk early
warning. This study develops a low—altitude air—traffic situation risk early—warning simulation framework by
integrating System Dynamics (SD) and Multi—Agent Systems (MAS). First, key risk sources in low—altitude
airspace are systematically identified and analyzed. Second, a dynamic risk indicator system is constructed
through multi—source data fusion, incorporating Geographic Information System (GIS) data and meteorological
data. An SD model is then established to characterize macroscopic risk evolution, alongside a MAS model to
simulate individual aircraft behaviors and interactions; the two models are coupled through real—time data
exchange. Finally, simulation experiments are conducted in a representative urban low—altitude logistics
scenario. The results show that the proposed framework can eftectively reproduce the dynamic evolution of
low—altitude traffic flows, quantify the overall regional risk level in real time, and issue conflict warnings tens of
seconds in advance, achieving an early—warning accuracy of over 88.5%. The study provides a quantifiable
decision—support tool and methodological reference for intelligent surveillance and proactive safety early
warning in low—altitude airspace.

[Key words] Low—altitude Airspace; Risk Early Warning; Simulation Modeling; System Dynamics (SD);
Multi—Agent System (MAS); Flight Safety
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