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Design and Implementation of a VR-based Training System for
Rotary-Wing Aircraft Operation Procedures
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Abstract

This paper proposes a VR-based training system focused on the pre-flight inspection and engine start/stop
procedures of the UH-60P rotary-wing aircraft. The system consists of a 3D virtual environment, a simulator
synchronization module, multi-user collaboration, and an integrated management system. It supports real-time
integration with cockpit equipment, checklist-based training, pilot - copilot collaboration, and instructor management.
Trainees can systematically master operational procedures and checklists through scenario-based learning. Instructors
can monitor the training process in real time and analyze performance data to provide personalized feedback and
supplementary strategies based on individual error patterns and proficiency. Future research will integrate Digital Twin
technology and Al-based analytics to further expand the system’s applicability to aviation training.
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Y TAS A Y3th6]. =3 Booz Allend 5G 7|4t ZHEY. o)]qd 4 FdF7]Y AT EA wt
A XR FAA2E S JhEste], FEAo] g A2Y2EZd ATEHW, & 12 UH-60P 7]
Tojukzl ¢y XR ZRI=ZE &8 5 A siA o 9F A = A= VR 3 A 4&
om, A dHolE et F7] AA HolHE &3 1 TFed 71%S RAFU12]. olHe AHLe FHA
145 B4 7lee A7) g5 9% o] AaE WHEAo® 931 SHEE Y T U
qole WATeR BT AR, AW, EE ATYAE Jwe] B8 Ao 74
A2 Tz 715k ﬂE]%Eé 2ds S8t M3t HH, VR 87 474 71EoE &8dnt

g5 AEE AEske A" Edold EQ(DIT,

Digital Training Twin) 71d¢] AFA AILt= ATHS] E 1 37| AR HY &= Al

g8 At 7] Hojel e kol Table 1. Example of aircraft exterior inspection items
olu|F Aol QAE I3l /éz] 23 Au| 3 Operated object Procedure

A€ OAER BAse] S} Mol N ) Soeraton meinod

sHAl ARl AaE AS5E F UEE e IdTE - Manuals(flight control,

218 =3 9)\‘3}[9]. JI8a Al 7] %‘:@.Jﬂr AATE equipment)
I e

3} sﬂF_Hﬂ tHol A8 7540l EHHHF_ ATt ?Pezcui?re § forms & and navigation charts

o, o0 S5 S 338 4 w0 | T | vtk
8, S TE T 28 T HEd Loz 4 deferred defects) o
o2 oz Xd“c}%‘:}. 2) Result and response

* Inspection of onboard
aeronautical publications

1) Operation method

* Remove protective cover and

2A|LI2| 2 mooring from the helicopter

(disconnect grounding wire)

* Remove or release all

tie-down restraints.

ll. VR 7[2F STHAIAEH JHR

31 d32|~E 7|8t MY

HOII

Helicopter covers

F37lel WY A AR A5AHA AAE B3 | e

LA L HAS Al TLA O ZEA ZZ downs 2) Result and response
S BASHE 4 Ao, ZFARS F2FA (removed&secured) .
F _ 1_ . e From the front of the aircraft,

7 WA Rsfof qhtt. of#{ @ Ak wld £ check counterclockwise for
dA®e olugl H|3) T AH] FAGAH= ﬂxﬂﬂ the removal of tie-downs and
_or]‘t.]’_% st} o]E 95 3 ]_ 7 o_g_ )37 ] ground!ng wires
= N W A % Ao Euel 1) Operation method
= W-eF JAE 9 ANs/AA AxprE AAALL A e-check « Visually inspect the dropped
I 2E FHE AANEH, £d FAHJAE o= zarpgre chec fuel sample from the
oz et FRAdReE 9% A, W | contaminaton o
. ) - before first fliaht of  Check for impurities(water
B AR A AE A AL A AS 2D A & - g droplets may appear on the
A, A% 2 92 A BAE TAEY 6E So, o surface of the fuel
9% WAL F37) AN FROR OFIAT | conaminaton atter | V0o conamnalon of the

) . 2o BE A oH oz A S0 adequate settin fuel source is suspected after
1A St T BE EF o, ds dH e N d fter cold g the first flight of the day or
gR0lsh= Aty W H AL 2534 ) I A, rgfelianger c after refueling and sufficient

settling time

2) Result and response

* Check the fuel sample(verify
if water droplets form on the
surface of the fuel)

JHE c. If the fuel
drh A BE Aol 97 FF AH, A | souces

2 suspected to be
contaminated
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Pilot inspection |
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Network
External inspection training system Management system
DP Cable
Network Cable
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Wi-Fi & Bluetooth
" Wireless ] b :
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Fig. 1. VR-based training system
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THA 2] AZEY O] AL 118 29 Zo A% F otk ol 724 AAE 53 2 A~
ezt 2081, F¢ e, a5-5A, FH, ZYH 29| 3D MRS Gt Al Ade deof A
g, #AoE FREE EE 725 7WMoE L A &8 e 7k A s A de &4
=hiaeg = 78T T de A5 e AT

3D 33 A= AFH 29 T Z(Hierarchical

model structure)E 7|HFO.® FAEHUY. TS
4 mdE FEsts gl F B4, F, 2H,
o e A5 AA, AR, A7, AE 2997 5 odw s

D, PW(Register, Modify, Delete)
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Fig. 2. Module configuration of a vr training system
£ 50, A7 AA AYgLdAre A, A
7 REL EYAOR /|e8 FsuAs As  ox AW 59 2E §F bolHv 7MRA i
AEo] 1S3 EE A SAHIHT A A7|Re] FA HHgET AR AEE gy
o BARTY oy AL mIoA Eaxe & 2AAE 2ASH &Y Ee] =nE s AA
o BE-BH BEe AFSh, TANel AAy o U NS GEE0, oF F8 A4S g
o)1 T Wl 2o & AL ALsT} 719 &4 delg AuHes st AR Y

= S de 4 Qth

V. VR 7]t STAAL pEW 73

4.1 3D 7tetetd 4

B Aol F33 3D /MIBAL 31
7](UH-60P)] A& TH& 7|9o =z AZHL

F37] 9% T2} R 23S YUY 3D

2 7T olF B3 TANL 9% g - ex rovnco v 1
WAL AR 3719 fAR BAIA Fa —
& 9lth 29 HgdHE 19 33 o] 4

3719 A%, T2 g, W A9 AL ¢

3, EA AAY AvEle dAE AodstAY A T2l 3 UH-60P 98Tt =EA 3D 2z
Fig. 3. 3D modeling of UH-60P exterior & cockpit
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Table 2. Pre—flight inspection interaction
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Function Interaction

Look_at Visual inspection procedures and target sight line

GrabAuto Activated when the trainee grabs it (grabbing it releases the rope)
GrabPushMove Performed by grasping and pushing with the hand (grasp the cabin door and push it open)
TouchPushAuto Activated by pressing with the fingertip (pressing the lock release button causes the latch to pop out)
GrabRotateMove | Performed by grasping and turning with the hand (grasp the handle and rotate it)
TouchRotateAuto | Activated by grasping and turning (grasp the fuel cap and rotate it)
GrabRotateMove Activa.ted by grasping and turning, operating in oqnjunotion with another mechanism (when the tail

rotor is rotated by hand, the main rotor rotates simultaneously)
Mount Grasp the structure and step up onto it (climb onto the upper part of the aircraft)

H# 3 AIS/EA AL olefad

Table 3. Engine start/stop procedure interaction

Function Interaction
Look_at Visual inspection procedures and target sight line
GrabPushMove Performed by grasping and pushing with the hand (push the control lever forward).
GrabRotateAuto Performed by grasping and tuming (rotating the dial button activates the function)
Toggle Switch operation
TouchPushAuto Press the button to execute the function
Input:CO Synchronization between the physical collective lever rotation and the virtual collective rotation value
InputT Synchronization between the physical collective switch operation and the virtual collective switch
operation
Input:CY Synchronization between the physical cyclic rotation and the virtual cyclic rotation value
Input:C Synchronization between the physical cyclic switch operation and the virtual cyclic switch operation
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Table 4. Questionnaire on user fatigue

Category Statement

My eyes felt fatigued

My eyes felt sore

| blinked more frequently than usual

Visual | felt tension in my eyes

fatigue My eyes felt dry

My eyes felt strained

My eyes became watery

My eyes felt stiff or aching

| felt dizzy

It was difficult to focus on the visuals

23 |oloNo|o|s|win|—|E

Looking downward was uncomfortable

Body

OV}

| felt sleepy

discomfort

>

| felt chest tightness

N

Wearing glasses was uncomfortable

o

| felt nauseous

>

My neck hurt

~

| had a headache

Physical

>

| felt pain in my temoles

pain

©

My shoulders felt stiff or sore

N
S

My lower back felt stiff or sore
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