Integrating Extended Reality in Air Traffic Control:
Innovative Interfaces for Drone Monitoring at Airports

Marzia Corsi*!2, Sara Bagassi?, Christophe Hurter 3, Antonio Esposito 4

!Deutsches Zentrum fiir Luft- und Raumfahrt (DLR), Institut fiir Flugfiihrung
’University of Bologna, 3Ecole nationale de I'aviation civile, *Kore University of Enna
*marzia.corsi@dlr.de

b
. 3 SR\*
: 4 » SR\ 4
<ot . S . ™ Soka, S

FALE

o

On-demand, semi-transparent XR interface live-streaming the vertiport
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Concept & Apparatus Design

|AM operations near

airports require close

coordination between ATS units and IAM actors.
Vertiports should be within tower ATCOs’ visual

range to enable direct oversight. Integrating
manned and unmanned traffic in shared low-level
airspace demands real-time coordination,

Increasing ATCO wor
XR-based HMI is pro

Kload. To support this, a novel &

into control towers and provide intuitive

visualization of IAM traffic around airports.

area located within the aerodrome, and incorporating dynamic

overlays that present relevant UAS traffic and operational information. .

ATCO OPERATIONS

DRONE MONITORING TASK
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ATCO Air Gestures input

INPUT LAYER

The ATCO can activate
and deactivate the
interface through a button

If the interface is not active,
it automatically activates
and provides the Safety Net
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CONCLUSIONS

Alarm

nosed to seamlessly integrate

OBJECTIVES

Design & implement XR-based HMI providing

RT data overlays for consistent head-up view.

Explore the potential of XR for managing the
integration of UAS into controlled airspace.

B Conduct a user evaluation of the HMI focusing

on usability, comfort, and performance.

Develop recommendations for the deployment

of XR in real-world ATC environments.

Validation Results

Objective measurements

* Physiological Measurements - Heart Rate Variability
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ST-HMD — HoloLens?2
Users:

6 ATCOs & 5 ENAC Students .

Landing

Synthetic info:

* UAS ldentification
&Tracking Label

e Safety Nets

Safety Net trigger:

e Airspace violation

Subjective assessment

 Perceived Workload - NASA-TLX Questionnaire
Usability Feedback

100
90
80
70
60
50

= o O O

Mental

Physical

ATCOs + ENAC Students

NASA-TLX

B Baseline W Solution

Temporal

Performance

RT overlays stimulate ATCOs in a "head-up" position. Seamless multimodal interaction & safety
warnings, improved performance, situational awareness, efficiency and decision-making.

XR system supports UAS integration in controlled airspace. Overlay IAM traffic data onto ATCO’s
field of vision allows for simultaneous monitoring of manned/unmanned traffic.

XR-based HMI’s effectiveness, reduced reaction times & improved task-switching. Discomfort
with prolonged use of HMD, need for ergonomic improvements despite the performance benefits.
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Recommendations documented for improvement, seamless integration with existing ATC systemes,
real-world trials needed to validate performance, safety, and workload in live environments.
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Integrated XR-HMI for future ATC operations
Proof of concept at LIPE Control Tower
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