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ABSTRACT
Pilots in non-commercial aviation have minimal access to digital

support tools. Common 2D maps, displayed on tablets, are often

the only digital information source that fails to adequately cap-

ture the 3D airspace and its surroundings, challenging the pilot’s

workload and awareness. In this work, we developed and tested a

Mixed Reality (MR) prototype with twelve General Aviation (GA)

pilots using a full-sized flight simulator environment. The proto-

type’s demonstration showcased the capabilities of contemporary

technology and its potential applications. Following the simulation,

in-depth interviews were conducted with the participating pilots

to discern their perspectives on integrating MR solutions into cock-

pit environments. The study revealed valuable insights into pilots’

concerns, design prerequisites for future systems, and potential use

cases. This work not only highlights the feasibility of MR imple-

mentations but also provides a foundation for the development of

enhanced digital tools for GA, aiming to alleviate pilot workload

and augment situational awareness.
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1 INTRODUCTION & BACKGROUND
The aviation sector constantly transforms with steadily emerging

technologies shaping how aircraft operations are conducted. Emerg-

ing pilot support systems are primarily driven by the world’s few
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large commercial aircraft manufacturers, such as Boeing or Air-

bus. They initiate innovations in interactive technologies either

in-house or through cooperation with their suppliers, technology

innovators, or external academics. However, these developments

largely ignore the safety practices and needs of General Aviation

(GA) operations
1
wherein the usability, dependability, and safety

constraints differ widely for new technologies. A total of approx.

211k active GA aircraft were registered in the U.S. in 2018, with

around 167k (∼ 80 %) of those being motorized fixed-wing airplanes.

Of those fixed-wing aircraft, over 75 % are Single Engine Piston

(SEP) aircraft with an average age of 46.8 years [14]. This indicates

that innovative technologies in the field of GA take decades to reach

widespread use in currently flown aircraft, especially considering

the age of the current GA fleet.

At the same time as glass cockpits emerged in commercial air-

craft [13, 30], the military started to test the use of head-mounted

displays for Augmented Reality (AR) applications [17]. Many years

later, the potential of Mixed Reality (MR) technologies in the avia-

tion sector has been known for decades. Both military and commer-

cial aircraft are equipped with MR technology today [3, 9, 18, 27],

successfully using MR to improve the well-established gauge- and

display-based cockpits. They allow pilots to gaze outside the aircraft

while simultaneously displaying vital flight information on top of

the real world. However, a major part of the aviation sector does not

occur in military or commercial aircraft. Most flights are operated

by GA pilots [14]. Hence, recent work investigated challenges and

opportunities of MR technologies for GA pilots [11, 12, 22], focusing

on the potential uses and benefits of employing MR in GA cockpits.

While some publications put an emphasis on the use of MR for

training purposes for student pilots [26, 28], current publications

rarely focus on the pilot’s considerations and the general feasibility

of using readily available, current generation MR technology in the

cockpit.

Rather than employing MR in permanently installed avionic

systems, it might be utilized as a part of the Electronic Flight Bag

(EFB) instead, describing the personal electronic equipment that

pilots bring along onto the aircraft. This enables GA pilots to use

newMR technologies as they see fit, not being limited by the state of

the technologies being available through the aircraft itself. As most

GA flights are performed under Visual Flight Rules (VFR), meaning

that navigation is done mainly visually and not primarily based on

instrument readouts, one potential application is the visualization

of traffic, airports, visual markers, and more through AR devices.

1
The International Civil Aviation Organization (ICAO) defines GA as any civil aircraft

operation that does not entail transportation of both cargo or passengers for hire or

aerial work (e.g., surveying, search and rescue operations) [19].
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Table 1: An overview of the participants of the study. Next to demographic data, the attained licenses (SPL = Glider Pilot License,
LAPL = Light Aircraft Pilot License, PPL = Private Pilot License, MPL = Multi-Pilot License) and the time as pilot-in-command
(PIC) for both aircraft in general and motorized GA aircraft are given. Two participants, marked with an asterisk ( � ), had �ight
simulator experience but had not �nished their pilots' training yet.

PID Age Gender Licenses PIC Hours (Overall) PIC Hours (Motorized GA Aircraft)
P1 28 M SPL 100 10
P2� 31 M - 0 0
P3 28 W SPL 50 1
P4 26 M SPL, LAPL 300 30
P5 30 M SPL, LAPL 500 200
P6 27 M SPL, LAPL 700 60
P7 30 M PPL 650 650
P8� 24 M - 0 0
P9 30 M PPL, MPL 200 140
P10 27 M SPL, LAPL 7 4
P11 26 M SPL, PPL 350 200
P12 29 M SPL, LAPL 15 0

Further previous work investigated the utility of AR applications
in GA. For example, the �CAVOK display� developed by Lenhart [25]
in 2006 is one of the �rst systems which brought the Head-Mounted
Display (HMD) technology into the civil sector. A HMD was success-
fully tested in a stationary �ight simulator test, displaying the usual
�ight information in conjunction with �ight guidance informa-
tion, baring similarities to the much later proposedAeroGlass[15].
In 2017, interviews with a total of 24 pilots were conducted to
gain a better understanding of GA pilots' concerns, desires, and
thoughts regarding the use of novel �ight data visualizations in
the cockpit [17]. After preliminary tests of four prototypes, the
novel �Lateral Guidance Line Display Format� was chosen to be
investigated further, yielding promising preliminary results. Yet,
no further development has been reported.

Another factor to consider is exceptionally high workloads in the
cockpit, which is not uncommon [23], and situational awareness is
crucial for a successful �ight. Previous research has already been
conducted in the �eld of displaying current �ight information via
AR [16, 17, 25] and highlighting relevant Points of Interest (POIs)
in the real world via MR [22] in �ight simulator studies.

This work is a �rst step in bridging the gap between potential
MR uses in the GA cockpit as envisioned by some of the aforemen-
tioned papers and the current state of available technology. For
this, a prototype using current MR technology was tested by GA
pilots in a full-sized �ight simulator, o�ering an insight into the
state of current research. Yet, the aim of this was not to quantify
the e�ect of a prototype on the users but rather to o�er a common
understanding of the technology at hand, fostering an interview
setting that is not grounded on vague ideas but on tangible experi-
ences and impressions. In total, twelve GA pilots were interviewed
in order to gather pilot expectations, concerns, and wishes towards
MR technologies for use in GA aircraft cockpits. The results of this
qualitative study were then used to answer the following research
question:

RQ What considerations do pilots currently hold regarding the
use of current generation MR headsets inside GA cockpits?

2 METHODOLOGY
The methodology employed in this study aimed to �rst showcase the
integration of current-generation MR technology into the cockpit
environment of GA to the participants. Based on prior research [16,
22] and military use cases [3, 9], a prototype was designed to extend
the real-world experience by overlaying information about Points
of Interest (POIs). The prototype employed aMicrosoft HoloLens
22 to project information within the three-dimensional space of
the cockpit and its surroundings, allowing the accurate tracking
of relevant POIs (i.e., other aircraft and airports in the vicinity)
regardless of both the aircraft's and the pilot's head's attitude in
space. A recreation of the view provided by the prototype is given
in Figure 1a.

It is crucial to emphasize that the primary objective of this ap-
proach was not to assess the prototype's performance nor to con-
duct a formal usability evaluation. Instead, the focus resided on
providing GA pilots with a visionary glimpse into the potential
of next-generation MR applications tailored for their sector. By
immersing pilots in a simulated environment that leveraged MR's
spatial augmentation, the study sought to stimulate discussions and
elicit insights into the feasibility, concerns, and potential bene�ts
of such technology.

2.1 Procedure
Initiating the landing process is a cognitively demanding task that
includes several factors to consider (e.g., maintaining radio contact,
monitoring surroundings and �ight parameters, and following the
�ight pattern) [ 10]. Thus, the landing process is one of the most
demanding moments in aviation operations, requiring the pilot's
full attention, who has to carefully manage their workload and
attend to the many operations at this time. This is re�ected by
the aviation accident statistics by the NTSB [1, 2], with more than
a third of all accidents in the civil sector happening during the
approach and landing phase alone.

2www.microsoft.com/en-us/hololens
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