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Abstract

Air traffic control (ATC) operational safety situation monitoring faces challenges such as diverse data
sources, high real-time requirements, and dynamic risk evolution. To improve the accurate perception
and proactive early warning of operational risks, this paper integrates multi-source data including ra-
dar signals, ADS-B messages, weather information, and flight plans. On this basis, a dynamic risk as-
sessment model and a hierarchical early warning mechanism are constructed, and an ATC operational
safety situation monitoring and early warning platform system is designed and implemented. The sys-
tem is based on multi-source real-time data fusion and intelligent analysis technology, and uses
streaming computing framework to achieve real-time data processing, to assess the overall operation
situation within the jurisdiction, to display key indicators in an intuitive and convenient way, and to
remind potential operational risks. The practical application shows that the platform can improve the
accuracy and timeliness of risk identification, effectively support the safety decision-making of air traf-
fic control operation, and verify its practicability and reliability in complex operating environment.
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Figure 1. Core architecture of dynamic risk assessment model
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Figure 2. Simulation verification of flight conflict warning
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Figure 3. System architecture diagram
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Figure 4. System integrated display page
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