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The increasing demands of unmanned aircraft systems (UAS) for commercial, logistics,
surveillance, medical delivery, and public safety purposes present significant challenges
to the safety, security, and efficient use of airspace, particularly in and around airports
where the airspace is controlled, and traffic density is high. To ensure reliable UAS
operations in an airport, U-space is necessary to manage the increasing number of UAS
at Very Low Level (VLL) altitude airspace safely. U-space offers a digital suite of
services, including flight planning, geo-awareness, network identification, and real-time
tracking. By integrating UAS into existing airspace, U-space helps prevent collisions,
protects privacy, and supports the future of Innovative Air Mobility (IAM) and smart
cities. As U-space services evolve toward higher maturity levels (U3 and U4), there is a
growing necessity for a reliable and dynamic collaborative interface between U-space
stakeholders and conventional Air Traffic Control (ATC) to enable integrated unmanned
operations in complex airport environments [1]. This study proposes a conceptual
framework for a high-level, data-driven collaborative interface between U-space
participants and ATC designed to support real-time coordination and airspace
management between manned and unmanned aircraft operating in shared airspace
volumes. The proposed concept builds upon the SESAR Joint Undertaking’s vision for
interoperable U-space architecture, extending it to account for real-world airport
constraints, legacy ATC systems, and the need for scalable, low-latency digital
interfaces [2]. The interface concept involves a single Common Information Service
Provider (s)CISP and U-space Service Providers (USSPs), enabling continuous
bidirectional data exchange involving 4D trajectory data, airspace status, traffic
information exchange, and emergency alerts. Emphasis is placed on the
implementation of advanced U3-level services, such as a simplified version of a
Dynamic Airspace Reconfiguration (DAR), coordinated with the ATC via Human-
Machine Interface (HMI). The collaborative interface also introduces a DAR tool for
shared airspace volumes, enabling the activation and deactivation of geo-zones during
emergencies or system degradation. The developed interface supports both strategical
and tactical collaboration by integrating UAS operational flight parameters through a
user interface that enables interaction with the ATC, enhancing ATC situational
awareness and facilitating joint decision-making in response to traffic density, severe
weather events, or emergencies. Human factors considerations are taken into account
in the user interface to ensure operational acceptance and safety. Simulation use cases
for airport approach corridors, medical delivery scenarios, and dynamic no-fly zone
activation and deactivation are proposed to validate the operational feasibility.
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Furthermore, a modular validation roadmap is outlined, including software components,
human-in-the-loop, and live UAS-ATC field trials, with a focus on harmonizing with the

European Union Aviation Safety Authority (EASA) U-space regulatory framework (EU)

2021/664 [3] and future integration into the Digital European Sky services [4]. The

study highlights the potential for the proposed collaborative interface to not only
enhance operational safety and predictability in airport environments but also to unlock
high-density, routine Beyond Visual Line of Sight (BVLOS) and IAM operations.
Ultimately, the research contributes to the foundational architecture required to
coordinate segregated UAS operations toward a fully integrated airspace system, where
manned and unmanned aircraft safely coexist and operate collaboratively under a U-
space ecosystem.
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