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ABSTRACT  FPV (first-person view) drones have quickly become essential assets in mod-

ern warfare, particularly due to their use in the ongoing Russia-Ukraine conflict. Their
ability to deliver precise strikes and provide immediate situational awareness has signif-
icantly transformed battlefield dynamics. As the deployment of FPV drones continues to
rise, it becomes imperative to address the potential health risks associated with prolonged
and intense drone control. Issues such as visual strain, cognitive overload, and musculo-
skeletal problems pose particular challenges during extended operations. In response to
the growing role of FPV drone technology in national defence strategies, this article seeks
to bring to light the health risks faced by FPV drone operators. When considering the
introduction of a potential FPV drone operator training program, it is important to not
only establish the technical conditions but also implement preventive health measures to
ensure the operational readiness and long-term well-being of the personnel.

INTRODUCTION

FPV drones, initially developed for recre-
ational and commercial use, have quickly
evolved into powerful tools across vari-
ous fields, including agriculture, search
and rescue, surveillance, and more re-
cently, military operations. Compared to
UAVs (Unmanned Aerial Vehicles) com-
monly used so far, these drones differ in
size and strikeability. Their versatility,
cost-efficiency, and ability to provide re-
al-time, immersive visual feedback have
made them indispensable in high-stakes
environments such as warfare, where
precision and rapid decision-making are

critical. The most dramatic example of
their military application has emerged
in the Russia-Ukraine conflict, where
FPV drones have been used extensively
for reconnaissance and tactical strikes.
As shown in Figure 1, these drones are
equipped with an advanced camera and
video transmitter to enable the operator
to see from the perspective of the drone
via VR goggles. The rotors are controlled
by the signal emitted by the operator’s
remote control and received by the re-
mote-control receiver on the drone. This
bidirectional low-latency communication
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allows the operators to navigate complex However, the rapid expansion of FPV
terrains and engage targets with unprec-  drone usage raises important concerns re-
edented accuracy, all while remaining far ~ garding the long-term health impacts on
from the physical battlefield. operators, particularly in high-pressure

Figure 1: FPV drone components

(https://www.ecssr.ae/en/research-products/reports/2/198140 Downloaded:
21.10.2024.)

Figure 2: Drone pilot in operation with his squad
(https://www.atlanticcouncil.org/blogs/ukrainealert/fpv-drones-in-ukraine-are-
changing-modern-warfare/ Downloaded: 14.10.2024.)
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environments such as the military.
Studies have shown that FPV drone
operators are vulnerable to both phys-
ical and mental health risks, including
visual strain, cognitive overload, and
psychological distress. For example, re-
search has identified a significant pres-
ence of mental health disorders, such as
PTSD, among remotely piloted aircraft
(RPA) operators, despite their physical
distance from the battlefield. Further-
more, pilots have reported experiencing
distress and trauma from viewing live
combat through their drone cameras,
leading to a need for better mental
health support systems in both military
and civilian contexts.

In addition to psychological risks,
the physical demands of drone pilot-
ing, such as maintaining posture for
extended periods and repetitive hand
movements, pose significant ergonomic
challenges. Studies have highlighted the
importance of physical fitness in miti-

gating these risks, particularly in mili-
tary settings where high performance is
critical during prolonged missions." As
FPV drones continue to integrate into
both military and civilian domains,
understanding the full scope of these
health risks is crucial for developing
guidelines and preventive measures to
protect operators from long-term harm.
Consequently, this paper aims to explore
the physical and mental health risks as-
sociated with FPV drone piloting, fo-
cusing on the unique demands posed
by this emerging technology in modern
warfare and beyond. These can help op-
timize the operator selection process, as
the currently applied guidelines are typ-
ically based on the deployment of opera-
tional-level UAVs. The NATO STANAG
7192 AAMedP-1.25 can be taken as a
reference for this process.? In contrast,
FPV drones are used at the tactical level,
therefore, other parameters may need to
be considered.

PHYSICAL HEALTH ISSUES

Operating FPV drones, especially in
demanding military environments,
exposes operators to a variety of phys-
ical health risks due to the sustained
focus, posture, and fine motor control

required. The extended use of FPV
goggles, along with intense hand-eye
coordination tasks, puts a significant
strain on multiple aspects of physical
well-being.

Visual strain (Computer Vision Syndrome)

FPV drone pilots rely heavily on FPV
goggles or screens, focusing intently
on real-time video feeds for extended
periods. This intense visual demand

can result in digital eye strain, also
known as Computer Vision Syndrome
(CVS), which manifests as blurred vi-
sion, dry or irritated eyes, and head-

1 GALASHEVSKYIL Hennadiy: The importance of physical fitness of FPV drone operators in the process

of performing combat tasks as intended, 89.

2 SzaBd, Sandor Andras, HORNYIK, Jozsef: UAV (piléta nélkiili Iégijdrmiivek) miiveletek repiilGegész-

ségiigyi feltételrendszerének biztositdsa, 66.
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aches. Studies suggest that prolonged
exposure to digital screens can lead to
exacerbated visual fatigue, especially
in fast-moving tactical environments
where constant refocusing is required.

In military settings, pilots often work
under challenging lighting conditions,
such as low-light or high-glare en-
vironments, which further intensify
these issues.’

Blue light exposure

FPV goggles and screens emit significant
amounts of blue light, which has been
linked to both short- and long-term eye
problems. Short-term exposure contrib-
utes to eye fatigue and discomfort, while
long-term exposure has been associ-
ated with an increased risk of macular

degeneration and disrupted circadian
rhythms. This disruption of sleep cycles
is particularly concerning for military
drone operators who are often required
to conduct night missions, which can
lead to fatigue and diminished alertness
in subsequent operations.*

Neck and upper back pain

Wearing FPV goggles requires pilots to
maintain a consistent posture, often with
the head slightly forward, which can
cause strain on the cervical spine and
upper back muscles. Prolonged drone
piloting sessions, particularly without
proper posture or ergonomic support,

are likely to result in chronic neck pain
and tension. This static, hunched-over
position is associated with musculo-
skeletal issues, such as “tech neck” and
cervical muscle strain, which can impair
a pilot’s comfort and focus during mis-
sions.’

Repetitive strain injuries (RSIs)

The precise and repetitive movements re-
quired to control drones using joysticks
or handheld controllers can lead to repet-
itive strain injuries (RSIs) in the hands,
wrists, and fingers. Over time, this can
develop into conditions like carpal tunnel

syndrome, tendinitis, or trigger finger. In
high-stakes military operations where
precision and quick reflexes are essential,
the cumulative strain on joints and mus-
cles can lead to performance degradation
and chronic pain.®

3 ROSENFIELD, Mark: Computer vision syndrome: a review of ocular causes and potential treatments.
4 OUYANG, Xinli et al.: Mechanisms of blue light-induced eye hazard and protective measures: a re-

view.

5 GALASHEVSKYI, Hennadiy: The importance of physical fitness of FPV drone operators in the process

of performing combat tasks as intended, 89.

6 NORTHEY, G. W.: The effects of stiffness and speed on upper limb electromyography during joystick

use, 4-8.
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Hand and thumb strain (“Gamer’s Thumb”)

FPV drone controllers often rely heav-
ily on thumb movements to operate
joysticks or control switches. This re-
petitive thumb motion can lead to a
condition known as de Quervain’s ten-
osynovitis, or “Gamer’s Thumb”, where
the tendons in the thumb become in-

flamed due to overuse. In military con-
texts, where swift and precise control
is crucial, the risk of hand and thumb
injuries is heightened, which can limit
a pilot’s ability to maintain prolonged
control or react quickly in critical sit-
uations.

Lower back pain and posture-related issues

Pilots operating FPV drones from seat-
ed positions for extended periods can
develop poor posture, leading to lower
back pain and stiffness. Inadequate seat-
ing, lack of lumbar support, and static
postures can contribute to musculoskel-

etal imbalances, potentially resulting
in chronic conditions such as herniated
discs or sciatica. Given that military op-
erators may be required to remain seated
for long hours in confined spaces, the risk
of lower back issues is notably increased.’

Hand-eye coordination fatigue

Constant reliance on fine motor skills
and hand-eye coordination during FPV
drone piloting can lead to fatigue in
both the visual and motor systems. Pi-
lots must synchronize hand movements
with real-time video feedback, requir-

ing intense concentration and precision.
Over extended missions, this strain can
lead to a decline in motor accuracy and
slower reaction times, ultimately affect-
ing mission success in high-pressure sit-
uations.®

Immersive disorientation (post-flight disconnection)

After extended periods of viewing the
battlefield through FPV goggles, some
operators may experience disorien-
tation or difficulty reorienting them-
selves to their physical surroundings
upon removing the headset. This con-

dition, known as immersive disorien-
tation, can result in dizziness or im-
balance similar to post-flight vertigo,
which may impair the pilot’s physical
or mental capabilities following pro-
longed missions.’

7 GALASHEVSKYL Hennadiy: The importance of physical fitness of FPV drone operators in the process

of performing combat tasks as intended, 89.

8 Gg, X. et al.: Influence of Head up Display on Visual Fatigue and Eye-Hand Discoordination in

Runway Incursion Scenarios, 44.

9 SOUCHET, A.D. et al.: A narrative review of immersive virtual reality’s ergonomics and risks at the
workplace: cybersickness, visual fatigue, muscular fatigue, acute stress, and mental overload, 21.
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MENTAL HEALTH ISSUES

Beyond physical health challenges, FPV
drone pilots are also vulnerable to a
range of mental health issues due to the
unique demands and stressors associ-
ated with operating in high-pressure
environments. While physically distant
from the battlefield, pilots face intense

psychological challenges similar to
those experienced by traditional combat
personnel. Therefore, there is no rele-
vant difference between drone operators
and manned aircraft pilots, in relation
to mental health issues."

Cognitive overload

FPV drone piloting requires high levels
of concentration and multitasking, as
pilots must simultaneously control the
drone, analyze real-time video feeds, and
react to rapidly changing environments.
The cognitive demand is exacerbated
in military operations, where pilots are
often required to make split-second de-

cisions under extreme pressure. Studies
indicate that such cognitive overload
can lead to mental fatigue, reduced sit-
uational awareness, and slower reaction
times, particularly during extended
operations. Over time, this can impair
decision-making and mission effective-
ness, contributing to mental burnout."

Simulator (VR) sickness

FPV drones immerse the pilot in a vir-
tual environment through VR goggles,
creating a disconnection between visual
input and physical sensations. This
sensory mismatch often leads to symp-
toms similar to motion sickness, such
as nausea, dizziness, headaches, and

disorientation, collectively referred to
as “simulator sickness” or “cybersick-
ness”. Prolonged exposure to these en-
vironments can exacerbate symptoms,
making it difficult for pilots to operate
effectively, particularly in fast-paced,
high-stakes tactical scenarios.'?

Stress and anxiety

The high-stakes nature of military drone
operations, including reconnaissance
and strike missions, inherently gener-
ates significant stress. Pilots are respon-
sible for critical tasks in hostile environ-

ments, where the risk of mission failure,
equipment loss, or civilian casualties is
ever-present. This heightened psycholog-
ical pressure often leads to chronic stress
and anxiety, which can have long-term

10 OTTO, Jean L., WEBBER, Bryant J.: Mental health diagnoses and counseling among pilots of remotely
piloted aircraft in the United States Air Force, 7.

11 SOUCHET, A.D. et al.: A narrative review of immersive virtual reality’s ergonomics and risks at the
workplace: cybersickness, visual fatigue, muscular fatigue, acute stress, and mental overload, 32.

12 SOUCHET, A.D. et al.: A narrative review of immersive virtual reality’s ergonomics and risks at the
workplace: cybersickness, visual fatigue, muscular fatigue, acute stress, and mental overload, 35-36.
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negative impacts on both mental and
physical health. Research shows that such
stressors are comparable to those experi-

enced by traditional combat pilots, de-
spite the physical distance of drone pilots
from the battlefield."

Isolation and fatigue

Drone piloting often requires long
hours of focused work in isolated en-
vironments, such as small, enclosed
rooms or remote locations. The solitary
nature of these tasks, coupled with the
high concentration required, can lead
to feelings of isolation and loneliness.
Over time, this isolation may result
in mental and emotional exhaustion,

increasing the likelihood of burnout.
Furthermore, the cumulative fatigue
associated with prolonged focus can
reduce operational performance, lead-
ing to slower reaction times and deci-
sion-making errors. Besides all that,
ultra-long missions can also lead to cir-
cadian rhythm disruptions and sleep
disorders."

Decision fatigue

FPV drone operators are frequently re-
quired to make rapid, high-stakes de-
cisions under pressure, particularly in
combat scenarios. The constant need for
precision and speed can lead to decision
fatigue, where a pilot’s ability to make

effective choices deteriorates over time.
This degradation in decision-making
capacity can increase the risk of oper-
ational mistakes, particularly in pro-
longed missions where the mental strain
is heightened."”

Post-traumatic stress disorder (PTSD)

Although FPV drone pilots are phys-
ically removed from the battlefield,
they may still experience psycholog-
ical trauma due to their role in com-
bat operations. Research has shown
that pilots involved in surveillance or
strike missions may witness distressing
events through the drone’s live feed,

leading to the development of PTSD
symptoms similar to those experienced
by ground-based combat personnel.
Repeated exposure to traumatic image-
ry or the stress of making life-or-death
decisions can contribute to emotional
numbness, intrusive memories, and
heightened anxiety."

13 OrtTO, Jean L., Webber, Bryant J.: Mental health diagnoses and counseling among pilots of remotely
piloted aircraft in the United States Air Force, 3.

14 WERNER, Andreas et al.: The New Quality of Aviation Unmanned Aerial Vehicles (UAV) Prevent
Psychological Stress of Military Drone Operators, 27.

15 RAHMANI, Hoda, WECKMAN, Gary R.: Working under the Shadow of Drones: Investigating Occupa-
tional Safety Hazards among Commercial Drone Pilots, 60.

16 Lowg, Matthew, GIRE, James T.: In the mind of the predator: the possibility of psychological distress
in the drone pilot community.
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Burnout

The combination of high-pressure envi-
ronments, cognitive overload, isolation,
and prolonged stress can lead to burn-
out among FPV drone pilots. Burnout
not only affects mental health but also
reduces operational performance by
impairing a pilot’s ability to concen-

trate and make sound decisions during
missions. Studies indicate that the risk
of burnout is particularly high among
military drone operators engaged in
repeated high-stakes operations with-
out adequate rest or mental health sup-
port."”

CONCLUSION

FPV drones have rapidly transformed
modern warfare, offering unprece-
dented advantages in battlefield intelli-
gence, precision strikes, and situational
awareness, as seen in the ongoing Rus-
sia-Ukraine conflict. Both sides have
embraced these drones, recognizing
their tactical value. However, the grow-
ing reliance on FPV drones introduces a
range of physical and mental health risks
to pilots, stemming from the unique
demands of operating these systems
through immersive FPV goggles and
handheld controllers. The physical chal-
lenges, such as visual strain, repetitive
motion injuries, and posture-related is-
sues, alongside mental health risks, like
cognitive overload, stress, and simulator
sickness, present significant concerns for
the long-term well-being of FPV drone
operators. As military forces consider
incorporating FPV drones into national

defence strategies and potentially estab-
lishing dedicated FPV drone training
programs, it is essential to acknowledge
these health risks. Ensuring the physical
and mental health of FPV drone opera-
tors is critical to maintaining operation-
al effectiveness and the overall readiness
of military personnel. Careful attention
must be paid to designing training pro-
grams that incorporate health monitor-
ing, preventive measures, and support
systems to mitigate the risks. Only by
prioritizing the well-being of drone op-
erators can we fully harness the tacti-
cal potential of FPV drones while safe-
guarding the health and performance of
those who control them. It is important
to keep in mind that the poor physical
and mental preparedness of operators
increases the risk of accidents, which
can result not only in financial loss but
also in endangering civilians.
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AZ FPV-DRONOPERATOROKAT ERINTO
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KuLcsszavak FPV-dron, pildta, egészsegligyi kockazat, VR, harctér

ABSZTRAKT Az FPV (belsé latképes) dronok gyorsan a modern hadviselés kulcsfon-
tossdgui eszkozeivé valtak, kiilondsen a jelenleg is zajlé orosz-ukran konfliktusban valo
alkalmazdsuk révén. A pontos csapdsok és a kozvetlen helyzetfelismerés nytjtotta le-

7

hetdségek révén jelentdsen dtalakitottik a harctéri dinamikdt. Az FPV-drénok bevetési
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szdma folyamatosan emelkedik, ami alapot ad arra, hogy foglalkozzunk az elh1iz6dé és in-
tenziv dronirdnyitdsbol fakado egészségiigyi kockdzatok kérdésével. Az olyan problémdk,
mint a szemfdradds, kognitiv tilterhelés és mozgdsszervi panaszok kiilonosen a hosszan
tarté miiveletek sordn jelentenek kihivdst. Vilaszul az FPV-drontechnolégia nemzet-
védelmi stratégidkban betoltott novekvi szerepére, ez a cikk az FPV-dronpilotdkra le-
selkedd egészségiigyi kockdzatokat igyekszik napvildgra hozni. Egy lehetséges FPV-dron-
pilotaképzési program bevezetése kapcsdn fontos figyelembe venni, hogy a technikai
feltételek megteremtése mellett az egészségiigyi megel6zd intézkedések meghatdrozdsa is
sziikséges a személyzet operativ felkésziiltségének és hosszii tavii egészségének biztositdsa
érdekében.



