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ABSTRACT

In today’s fast-paced world, the spread of simulators extends to numerous

fields, as their targeted application can lead to significant improvements within a specific
sector. The optimal use of simulator-based training in pilot education is indispensable in
a modern military Air Force, and their utility in developing and enhancing movement

coordination is unquestionable.

INTRODUCTION

The synchronized operation of body and
mind holds paramount importance in
our daily lives and activities. Develop-
ing movement coordination is essential
among aviators as it significantly in-
fluences their work efficiency and con-
tributes to maintaining and improving
their health. Numerous studies confirm
that the use of simulators has resulted
in remarkable individual development,
aiding in the establishment of proper
movement patterns and even supporting
rehabilitation.

Movement coordination involves the
optimal and purposeful execution of
movements in space and time, requiring
the fulfillment of multiple factors for co-

ordinated movement to occur. This abil-
ity enables us to precisely and efficiently
control our body movements (adjusting
muscle strength to the power magnitude
and direction executing flight control
maneuvers) and synchronize them with
our environment. It encompasses not
only muscular development but also
communication between the nervous
system and the brain. Simulators can
assist in this process by offering several
advantages that can improve hand-eye-
foot coordination on an individual level.

One of the primary advantages of
simulators is the opportunity to practice
in a safe environment. In pilot training,
novices lack the necessary skills and
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familiarity with the environment they
will encounter. Despite theoretical knowl-
edge, real-world scenarios can differ sig-
nificantly. Aviation involves numerous
risks that pilots must handle profession-
ally and in a calm mental state. Exposing
trainees to these potentially hazardous
situations in a simulator allows them to
develop themselves and form ingrained
responses in a risk-free setting. These re-
sponses can then be activated reflexively
in real-life situations, potentially influ-
encing life-or-death decisions.

It is also worth highlighting the
significant variety of functions, situ-

ations, and activities that a simulator
can generate for trainees. Different
difficulty levels can be set, provid-
ing continuous feedback to individ-
uals and allowing them to react and
improve in real time. When using a
simulator for developing movement
coordination, we always adhere to the
principle of progression. Initially, we
focus on establishing basic movement
patterns during the first phase, and
once proficiency in these fundamental
movements is achieved, we gradually
introduce more complex tasks into the
training program.

APPLIED SIMULATORS

As part of my doctoral research, I have set
the goal of optimizing simulator-based
training and formulating a new educa-
tional methodology, with the develop-
ment of movement coordination in a safe
environment as a cornerstone. The first
step towards this goal is creating a mod-
ule that can be used at home. In this case,
trainees can practice using various soft-
ware tools in the comfort of their home
environment. The desired outcome for
individuals is to use simulators purely for
the experience and enjoyment, free from

stress and pressure. Experiences over the
past few years confirmed that movement
coordination skills have developed un-
consciously through the use of the sug-
gested simulators by students. During
gameplay, they focused solely on the task
at hand without focusing on coordinat-
ing their own movements, simply enjoy-
ing the simulation experience. Through
repeated practice over several days, their
executions became more and more accu-
rate and precise, eventually developing
the required reflexes.

Digital Combat Simulator

DCS' is a combat simulator available
for free civilian use, capable of accu-
rately modeling the characteristics of
various aircraft. There are numerous
aircraft types to choose from; in my
case, the Mi-8MTV2 helicopter type
was the appropriate choice, as it close-

1 Digital Combat Simulator.
2 Flight Training Device.

ly resembles the Mi-17 FTD? used in
training.

It is important to note that for prop-
er simulation, it is necessary to connect
some compatible controller package to
the software, as this is the only way to
achieve proper eye-hand-foot coordi-
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nation. During my experiments, I used
the Thrustmaster T-16000M FCS flight
pack, which includes a joystick, a throt-
tle, and pedals. Additionally, I calibrat-
ed a VR headset and a yaw motion chair
(a chair that provides rotational move-
ment around 3 axes), but during the ex-
periment, I only used the Thrustmaster
package. It is possible, albeit with a sig-
nificant increase in cost, to replace the
throttle with a separate, special collec-
tive lever, which is not necessarily re-
quired for mastering basic skills.

I conducted the experiment with the
help of students from different study
groups, with some joining in the later
stages of the testing phase for compar-
ison purposes. The initial goal of the
game was to master basic flight tech-
niques, after which tasks gradually be-
came more complex. It took approxi-
mately 5 hours to master landings and
hovering maneuvers, during which
significant improvements in movement

3 Virtual Reality.

Figure I: Digital Combat Simulator Mi-8MTV2 view in VR mode (Source: edited by the

coordination were observed in both
participants. Over time, the frequen-
cy of rough movements decreased, and

Figure 2: DCS calibration using VR and
yaw motion chair
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attention shifted not only to the accura-
cy of steering but also to understanding
helicopter flight characteristics.

In the case of helicopters, where three
control surfaces must be coordinated in
four dimensions, continuous work on
movement coordination was necessary.
After five hours of flight, landings were
made more difficult by using various
platforms such as tight spaces, stationary
and moving warships, or moving tankers.
These tasks required precise movement

coordination, as these landing spots were
extremely challenging to approach and
required calm steering and gentle move-
ments for successful completion.

Throughout the tasks, students were
required to verify successful execution
with a video playback. The most com-
plex task, landing on a moving tanker
ship, was achieved after approximately
10-12 hours of software use, after which
only the length and composition of the
tasks changed.

Mi-17 FTD simulator

In the next phase, the trainees con-
tinued the experiment with the Mi-17
FTD located at the Hungarian Defence
Forces 86™ Helicopter Wing. The two
cadets who had gained stable motor co-
ordination experience in the DCS tran-
sitioned to the real simulator. The rest of
the study group joined the experiment
here with the goal of measuring differ-
ences in piloting skills. Those two stu-
dents who completed the DCS already
possessed comprehensive cockpit famil-
iarity, knowing the positions of controls,
levers, and switches, and were thus able
to navigate comfortably within the cock-
pit. They would have been capable of
starting and shutting down the aircraft
if the task had demanded it, although
this was not relevant for the purposes of
the experiment. For the other trainees,
developing this basic cockpit familiarity
resulted in a loss of time.

During simulator training, signifi-
cant differences in motor coordination
were observed among students who
had previously familiarized themselves
with basic procedures in the DCS. The
hypothesis before the study, that mod-
ern civilian gaming software is suitable
for acquiring fundamental helicopter

piloting skills and can lead to outstand-
ing development in motor coordination,
was fully confirmed by this experi-
ment. In the Mi-17 FTD simulator, stu-
dents faced real control forces, weather
conditions, and aerodynamic effects,
all adjustable by an external operator.
From the first hour, the two trainees
were able to maintain the helicopter in
hover mode and perform basic position
changes without difficulty. Essentially,
the initial hour served for them to famil-
iarize themselves with and adjust to the
simulator’s nuances. Subsequently, they
had to repeat the tasks with the autopi-
lot turned off. During these repetitions,
many aids that had previously assist-
ed the students were removed, forcing
them to rely entirely on their own skills.
Precise, continuous adjustments of mul-
tiple control surfaces became crucial,
as rough movements could render the
helicopter uncontrollable. Apart from
the first hour of the experiment, the
two trainees flew without using autopi-
lot. The objective was to measure how
quickly they could execute a safe land-
ing on a restricted-size landing pad in
simulated conditions and repeat these
two more times, eliminating the pos-
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sibility of luck. Similar to the situation
with the tanker ship in the DCS, sophis-
ticated hand-eye-foot coordination was
required, necessitating approximately
two additional hours of practice, leav-
ing the remaining two hours for various
airspace tasks and circuits. The experi-
ment was conducted within a five-hour
timeframe to gauge the level of the tasks
achieved.

For the other members of the group,
the five-hour time limit allocated for the
experiment was considered suboptimal.
These students encountered the Mi-17
FTD for the first time, starting from the
basics. During the five hours, they man-
aged to perform hovering with the auto-
pilot and execute basic positional chang-
es. Initially, the aircraft remained stable
without the autopilot but soon became
unstable and uncontrollable. Although
some muscle memory began to develop,
significantly more time was required
compared to the allotted simulator us-
age time for regular practice. One might
question why this could pose a prob-
lem, as the goal is always for students to
start real aircraft operations with solid
foundations. The answer lies in the size
of the groups. Due to the large number
of students, the time spent in the Mi-17
FTD simulator must be limited to en-
sure every student can use it effectively,
hence the critical importance of a stu-
dent’s background upon reaching this
stage.

Naturally, virtual reality also serves
as a fertile ground for many other ex-
periments. For example, experiments
were conducted on fighter pilots, where
changes in pulse and stress levels were
measured.

The comparison between take-off and
in-flight revealed a statistically signif-
icant increase (p<0.05) in percentage
of consecutive RR intervals that differ
by more than 50 ms from each oth-
er (pPNN50), root mean square of the
successive differences (rMSSD), stand-
ard deviation 1 and 2 (SD1 and SD2),
and a statistically significant decrease
(p<0.000) in stress score (SS) and in the
sympathetic to parasympathetic ratio
(S:PS). Between flight and landing, a sta-
tistically significant increase (p<0.05)
in mean HR, minimum HR, maximum
HR, SS and S:PS was shown, while expe-
riencing a significant decrease (p<0.000)
in pNN50, rMSSD and SD2. Finally,
between take-off and landing, the vari-
ables which showed significant changes
(p<0.05), with these changes being a sig-
nificant increase, were mean HR, mini-
mum HR, maximum HR, rMSSD, SD1
and SD2. SS and S:PS ratios showed a sta-
tistically significant decrease (p<0.000).*

An emergency scenario in a flight
simulator triggered anticipatory anxiety
in pilots, as evidenced by low HRV. This
anxiety response heightened during the
flight segment and diminished during
the landing phase.

SIMULATOR TECHNOLOGY IN REHABILITATION

In today’s conflict-ridden world, where
the role of soldiers is increasingly valued,

I believe there should be a strong em-
phasis on the rehabilitation of injured

4 FERNANDEZ-MORALES, Carlos et al.: Analysis of heart rate variability during emergency flight simu-

lator missions in fighter pilots.
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soldiers. Whether they are injured in ac-
tual combat situations or during train-
ing, injuries or trauma may necessitate
the need to restore their combat capa-
bilities. Virtual reality (VR), augmented
reality (AR), and simulators offer end-
less possibilities for cost-effective and
productive rehabilitation.

Neurological injuries often lead to
temporary or permanent paralysis of
limbs in significant cases. The rehabili-
tation of such injuries is a lengthy and
gradual process, where the individual’s
motivation and the rehabilitation envi-
ronment play crucial roles:

- Intrinsic Motivation: The individu-
al must have the intrinsic desire to
recover. Despite seeming obvious, a
constant and monotonous rehabilita-
tion procedure can reduce the effec-
tiveness of recovery due to the lack of
motivation.

- Application of VR Technology: Uti-
lizing diverse VR environments can
activate basic motor functions and
sensations that may not necessarily
be associated with a normal develop-
mental process. For instance, walk-
ing on a balance beam atop a virtual
skyscraper activates balance-related

functions and the instinct to “sur-
vive” more effectively than a similar
exercise performed in a room.

- Mental Rehabilitation: For soldiers,
alongside improving motor coordi-
nation, there is also an opportunity
for mental rehabilitation. Placing in-
dividuals in environments they find
difficult or challenging can facilitate
mental recovery. This should always
be done under the supervision of ap-
propriate professionals.

By integrating these technologies and
approaches, rehabilitation can be made
more engaging, effective, and tailored to
the specific needs and challenges faced
by injured soldiers. It not only aids in
physical recovery but also addresses the
psychological aspects, promoting a ho-
listic approach to rehabilitation in mil-
itary contexts.

In Europe, the rehabilitation program
based on VR technology developed by
CUREOSITY is gaining momentum.
The company has conducted numerous
independent trials, including studies on
stroke patients. Participants undergo-
ing treatment based on virtual reality
showed significantly greater improve-

Figure 3: Rehabilitation VR goggles used by CUREOSITY
(https://www.cureosity.com/ Downloaded: 04.07.2024.)
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ment compared to patients treated with
conventional robotic methods. The
company is expanding continuously,

and with the increasing popularity of
VR, this trend is expected to accelerate
further.

SUMMARY

The 21* century is advancing rapidly
towards full digitalization. Across all
fields of science and industries, mod-
ern technology offers solutions and
opportunities that were once unimagi-
nable. Optimizing medical procedures,
whether in civilian or military con-
texts, can lead to significant cost sav-

ings, remarkable cognitive and motor
coordination improvements, and po-
tentially shorten recovery times for pa-
tients. Advancements in medical tech-
nology also pave the way for studying
the physiological effects of VR headsets
during military training, both in air
and ground operations.
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PILOTAKEPZES VIRTUALIS EGEN: SZIMULATOROK HASZNALATA
A MOZGASKOORDINACIO FEJLESZTESEBEN ES REHABILITACIO SORAN

Szerz6 Lucz Zsolt hadnagy, MH Kiss Jozsef 86. Helikopterdandar, a Nemzeti Kozszolga-
lati Egyetem Katonai MUiszaki Doktori Iskola doktorandusza

KuLcsszavak szimulator, rehabilitacié, Mi-17, DCS, fejlédés, mozgaskoordinacié

ABSZTRAKT  Napjaink rohand vilagaban a szimuldtorok térnyerése immdr szdamos te-
riiletre terjed ki, hiszen célzott alkalmazdsuk jelentds fejlodést eredményezhet egy adott
szegmensben. A pilotaképzésben haszndlt szimuldtoros kiképzés optimdlis alkalmazdsa
elengedhetetlen egy modern haderében, tovdbbd a szimuldtorok hasznosithatésdga
megkérddjelezhetetlen a mozgdskoordindcio kialakitdsdban és fejlesztésében.



