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1. Problem Context

Loss of external visual references remains a persistent contributor to loss-of-control and CFIT accidents in
general aviation. Despite long-standing emphasis on instrument training, inadvertent encounters with instrument
meteorological conditions (IMC), spatial disorientation, and startle-induced task saturation continue to challenge
pilots during real flight and are associated with disproportionately high fatality rates.

Live-flight IFR training relies primarily on the physical IFR hood, a view-limiting device that has seen relatively
little evolution over time. While operationally accepted, IFR hoods provide only coarse, binary occlusion, are often
obstructive to exterior visibility, and are susceptible to unintentional peeking under aircraft motion and turbulence.
Ground-based simulators support procedural proficiency but cannot reproduce the vestibular and kinesthetic cues
of an aircraft in motion, leaving a training gap between simulation and live-flight exposure.

2. Concept Overview

This concept proposes an adaptive mixed-reality (MR) visual control system designed as an evolutionary
enhancement to existing live-flight visual-limiting practices. Worn by a trainee during instructor-supervised flight,
the system selectively modifies exterior visual cues while preserving full, unobstructed visibility of cockpit
instruments, controls, and pilot body references.

Ratherthanimposing fixed or binary occlusion, the system enables precise, repeatable control of outside visual
conditions during real flight. Training therefore occurs within the authentic physical dynamics of an aircraft—
exposing pilots to real acceleration, motion, and vestibular cues that are central to spatial disorientation and
cannot be reproduced on the ground.

The approach is intended to extend established training workflows, not replace certified instruments,
procedures, or instructor authority.

3. Key Capabilities

3.1 Adaptive Exterior Visual Control

Synthetic visual contentis applied only within exterior window regions, leaving the cockpit interior fully visible.
Exterior visibility can be adjusted dynamically to support gradual or sudden transitions not possible with physical
hoods.

3.2 Continuous Wear During Training Flights
Because visibility is adjustable rather than binary, the system may be worn continuously during training flights,
with exterior visual conditions modified as appropriate across different phases of flight.

3.3 Prevention of Inadvertent “Peeking”
By decoupling visual occlusion from physical head position and aircraft motion, the system eliminates
unintended exterior visibility that can occur with legacy hoods during turbulence or maneuvering.
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3.4 Synthetic Terrain and Weather Representation

The system can overlay computer-generated exterior cues—such as degraded visibility, cloud structures, or
simplified terrain features—alighed to headset position and aircraft motion, enabling controlled exposure to
challenging visual scenarios.

3.5 Real In-Flight Dynamics and Acceleration

Training occurs under actual aircraft dynamics, including multi-axis acceleration and motion cues that
contribute to spatial disorientation. This physical realism is a foundational element of the concept and cannot be
replicated by ground-based simulators.

3.6 Fail-Transparent Design Intent
The system is designed to default to full real-world visibility upon any power, software, or tracking interruption.
Conventional instructor-supervised training procedures remain primary at all times.

4. Technical Basis and Feasibility

The concept leverages commercially available mixed-reality head-mounted display technologies
incorporating:

e See-through cameras or optical combiners

e Inertial measurement units (IMUs)

e Computer-vision-based scene registration

Exterior window regions are identified and maintained using onboard sensing and visual registration
techniques, without reliance on aircraft avionics, flight displays, or data buses. Synthetic visual content is
registered to headset pose and aircraft motion to preserve natural visual-motion coupling.

Phase-appropriate feasibility questions include:

e Can window-restricted visual modification remain spatially stable under real aircraft motion?

e Can motion-to-photon latency remain within thresholds that avoid adverse vestibular conflict?

e Can fail-transparent behavior be reliably enforced under fault conditions?
These questions are technical, measurable, and suitable for controlled feasibility evaluation.

5. Development Status

Exploratory engineering prototyping on commercial mixed-reality platforms is underway, focusing on window-
restricted visual control, motion registration stability, and user comfort under motion. These early efforts inform the
feasibility considerations outlined above and guide subsequent development planning.

This concept is intended strictly as a training aid, consistent with long-standing FAA-accepted visual-limiting
practices. No certification, operational approval, or credit toward pilot ratings is implied at this stage.

6. Next Steps
Planned next steps include a limited technical feasibility study to:
e Validate window-restricted visual control under motion
e Characterize latency and perceptual stability
o Define safe operating envelopes for instructor-supervised use

For further information contact: info@truifr.com
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