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As VR and AR technologies advance, the development
and application of virtual environment content are
expanding, leading to the creation of efficient military
training methods utilizing these technologies. This
paper proposes eight quantitative design methods for
producing highly immersive VR training content.
Through these methods, the study aims to enhance the
professionalism, safety, and efficiency of military
training.

TS Al (Virtual Reality),
AW E 2l (Computer-based Training),

SEEFS A=2ZEHGuided Missile & Underwater
Missile),

QIZH-ARE] 4 S22 (Human-computer Interaction)
AT EQ 4 QA (Computer Software
Configuration Item)
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display
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training
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Fig. 1. HW components
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Table 1. Training equipment overview

Category Device Model/brand

Electronics whiteboard

Tfa'”'”g Mpnltorlng d|§play LG Electronics 86TR3DK
environment  (instructor view) )
. (86-inch)
display
Monitoring display
(trainee view)
Control PC IMXR INSTRUCTION
Instructor Content server PC HPE Server DL380
cqntrol Switching hub Pumpkin Networks P5000 L3
equipment
) - NETmate HX-2488
Video distributor (HMDI 8:8)
Trainee VR-HMD VR Station XO
equipment Training PC (PC & VR Integrated)
22 AT E 0] (SW) A

2 d79 48 2T EF ol Fig. 20] theh ol
o o] TMFEHA LR

support equipment)2 A2} CSCI(computer soft-
2] CSCI, A A] CSCIZ

H], VTSE(virtual training

ware configuration item),
7152 U % At

(@ Procedure recipes
. @ Image/video/text
= ®3D modeling
i @ Procedure

4 (D Procedure recipes
@ Image/video/text
¥a ©3Dmodeling

(b) Maintenance training SW

Fig. 2. Authoring tool and maintenance training system
SW (demo)
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Table 2. Quantitative target dimensions

Core technical/

product parameters Target goal World class
Target weapons O weapon types -
3D content Provided military

Implementation scope

maintenance data

Max. number of
collaborative users

Up to OO people 40 people

Accuracy of collaborative

user location (%) Upto OO 90
Accuracy of virtual

objects (%) Upto OO 95
Frames per second Uo to OO 90

(FPS) P
Motion-to-photon latency
(MTPL) Up to OO 18 ms
Image quality Up to OOOOxOOOO 3,664x1,920

r

oX Mk

bo 2 Kl o

N

Authoring CSCI Management CSCI

TASK
csc

Data load Import
CSC Csu
Object accuracy Scenario
csu CSC

Disassembly/assembly procedure Environment configuration Parts information
Csc Csu CEE

Procedure authoring Backup/recovery
csu CSE
Training execution method
CsC

Procedure simulation

Configuration training

Storage
csc

e

Fig. 3. SW hierarchy
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MTPL
Ccsu

HMD-based platform

HMD equipment

ey e

Haptic function
Ccsu
Electronic whiteboard platform
CSE

Frame fate
csu

PC-based platform

e e

PC-based equipment
Csu
Self-learning
csc
Team training Team training configuration
csc Csu
Position accuracy
csu
Ll Collision avoidance
csu

Training history
csc
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g EESL
=9 < 73 a3 752
b, FAZ AR}, A7 AAERE 227 Qo Table 3. Quantitative target dimensions

Weapons Contents development scope

- Configuration training: OOQO
00O - Maintenance procedure: OOO
- Inspection procedure : OOO

- Configuration training: OOO
OO0 - Maintenance procedure: OOO
- Component replacement procedure: OOO

Fig. 4. Selection of configuration and procedure training 33X EFAL 5

) AR = FH =0 FAsto] AT 5
U= Hd SAHEA 2AE ettt ° &4 3o
AU BAAC} TAAE TR 0o et 24
LAN Y E I (H4 1 Gbps oJAF 1&A 8
A), VRE A1), EAL Ay, Tz v 121

35802 P Fig. 72 F 74 A £
Aot 5 A2 7u EAFA/EEAH /2 L

Fig. 5. Configuration training Tramee Trainee Trainee
01 02 03

~r

G ke’

Instructor

Real-time Real-time
status status
monitoring Training control/ monitoring
Training configuration/

Monitoring

Fig. 7. Conceptual diagram of training control, config—
uration and monitoring

Fig. 6. Procedure training

2 VR JHli5 £ AA= 7lend 9 2&%)
) &

AZE X} A (standard operation procedure, SOP
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Fig. 9. Concept of location accuracy
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Table 4. Accuracy of training site location

Trainee B
(personal
assessment)

Trainee A
(personal
assessment)

Comparison

criteria

Personal location

(3.342,1.543,6.324)  (3.235, 1.541, 6.325)
(x,y,2)

Perceived location

of others (3.235, 1.541, 6.325)  (1.969, 1.565, 6.328)

Error distance

(m) 0.1 0.0

Maximum allowed
error distance (m)

Location accuracy

(%) 95 100

Average location

accuracy (%) 97.6

Virtual positionintegration with Avatar application
(accuracy processing through shared virtual positions)

2025, 8(3); pp. 323-330 327



KNST 2712 9|, VR 7|dto| QEE U

3.5 MR = 3.6 2 3 Q) 4 (FPS)
THEAA Bt 7MW AA 7 AA 2E FPS(frames per second)&= 23 Z & ¢ =2 3}
= AA 7120 F44 ol dutd AZAE A+ o 28EHE &S v EEA AHIE A=
A5 o] JEAE Y= AEE Yetdith A4 2 A YehfEs A xo|th. AE s A% A3t 582 g
3} 7MY AA & Table 59 Zo] £ = k. & A2 HAHS (A FFS}), A8 45 HHS(ZE
A= A& E o A A Y5t= €4 (dimension) 7|5 A S} HHEY), 5 M #H 7l& 48 (LoD,
< &5to] 7HAA o Y4 A Y= Fig. 103} Zol & ¥ wpo]ZFQl 5)& &5k AT 4 AT 7]
A 5 k. FPS 24 919 3t 2ol NEow A% AR
& S WA B G AU FAEL
Table 5. Size measurement methods for real/virtual ob- o5l on, B dFo]| AFLH 1 r=9 HDM
ject
) (Meta Quest 3) 9] FAE2 Table 77} Z40] 120 Hz
Catedo Configuration training 2 Yehdis].
gory content items
Real object 3D CAD drawings Specification Table 7. Specifications and measurement of training
equipment (GPU/HMD)
Virtual object Contents creation SW (VTSE MAKE)
ltem Specification REMEINSS
. ) 120 Hz HDR
Graphics card RIX 4070Ti (Check refresh rate at 4K)
120 Hz
HMD Meta Quest 3 (Check screen refresh rate)
Configuration training,
Test contents O types Procedure training
Test mode VR mode -
A A7E E4sT P AA ] Hery  Measuementime  Tmin -
Table 69} Zo] 275 =& 4 Ut

Fig. 113} o] steamVRZ 7|40 & F3A5l= of
A A

|o] A F5=5% SWE fpsVRE AF8-519] FPS

—_

Table 6. Virtual object measurement(subsystems, tools)

e B

=
£ 7%t fpsVRo] AR =10t U 9] FPS g
Subsystem/ Standard Measured Virtual object '_E B ° ps I ABE Thedel w=
tg)/ol Size value value accuracy ga5ta Ale g F 02 AFESTh HE2AH 0 R A
{mm) ) el FPS 2t 106.86 0 & B H 3| & Table 87} Zo] A%
Length  O,000 0,000 99.99 3} 4= 9t
X Height OO0 000 99.99
subsystem
Width O0O O0O 99.99
Length  O,000 0,000 95.55
v Height OO0 000 99.70
subsystem
150%
Width 00O OO0 99.70
Length OO0 000 99.24 o N ' —
z Height OO0 000 99.70 i :
tool
Width O0O O0O 99.70
Average virtual object accuracy 98.16 Fig. 11. Screen of fpsVR v2.3

328 2025; 8(3); pp- 323-330 Journal of the KNST
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Table 8. FPS measurement results S 98 “fpsVR’ T2 &85, fpsVR logging 7|
. _— 525l csvitd P20 7 75T 4 Q13 Table 9
U (measurement value) AYEREREIARS 3} Zro] AZ7)1 &S el
1s 114.25 PA AFHROl MTPLLE 2] o] HAEF o=
2s 12832 EAH7| 74 9] A7Eo 2 e 4 9T} o] e
3s 100.96 106.86 Y= 9o 8 471X & Aotstth. A HAE HMD
IMU sampling rate’= 7} 24 A A7} glo]HE &
60s 87.71 opup ZhE A=A E UE U= ACR, 225
S H A% 252 YD 1Yo MaE o A
3.7 MTPL(2A E L& ) Bo5HA £2HE 4= ok HMD IMU sampling< A}o]

ZAF IO sampling rate?l 1,000 Hz[9]& 7|& 2

MTPL(motion-to-photon latency, 24 & L& ZAEYO] EFAAS 71251 2 msE A ATt
A ) 2-EAS] ZA o] TA A/ FEH 22 T WA= AH P2 fisto] ZY P2 Evlstk= ARt
9E Edz27t gAE o2 £95= AI-7F (CPU frame time)o|th. Al Rl = GPUZF 2 YIS
L A7+ 9u| st} 8]. Fig. 12.= MTPLY] 7} Ao Y 5tal 3ol A 5= AlZH(GPU frame time)
YIS Uetd 222 HMD(H 2])H controller () ojtt. ¥l HiA= fAEH 0l AAAZEC g2, HMD
5% Qelo] Aol G AAY Ak W BUEE] FAHEo] 120 HzO] B2 o] 8.3 ms2]
MTPLE SA5tH ZE = 7HF 78S 98 AdAZEe] TG 7P T o= Qo Table 102
O ms ooz TR MTPL S dloje 8 MTPLES F1% 4 U A EES 43 Holth,

X

CPU frame time (ms) ‘ GPU frame time(ms)
‘4 > b‘

. - T e— |
Motion Visual Display %
i i [N g /N ]

detection processing -4 . WA
' ) —_— =- T

- Sensor sampling - Create image - Image calibration 2 AN

\ - Sensor fusion - Rendering/decoding - Texture enhancement - -

“Motion” <= ‘¢| bt ’+t “Photon”

Fig. 12. Methods of screen processing in a virtual environment

Table 9. Criteria for validating motion-to-photon delay Table 10. Results of MTPL measurement and validation

HMDIMU  CPU GPU  Display

Cat Specificati R k
ategory SECIEE maris No sampling frame frame refresh Total
] : rate time time rate (W)

- Maintenance procedure (ms) (ms) ) (ms)
. - Inspection procedure
Scenario O types
i - Component exchange 1 2.0 4.5 2.3 8.3 17.1
procedure 2 2.0 45 2.8 8.3 17.6
Test mode VR mode - 3 2.0 4.9 2.9 8.3 18.1
Measurement . 4 2.0 4.4 3.5 8.3 17.1
time 3 min. -
5 2.0 4.9 2.7 8.3 17.6
- Performance 6 2.0 4.8 3.4 8.3 18.7
Measurement foSVR V2.3 measurement tool
SW p : Operat]ng on the 7 2.0 55 3.0 8.3 18.2
SteamVR platform 8 20 51 3.8 8.3 19.4
HMD IMU sampling rate + — HMD IMU sampling

MTPL CPU frame time + rate: 1,000 Hz
GPU frame time + - Display refresh rate: 1000 2.0 5.3 3.1 8.3 18.7
avg. display refreshrate 120 Hz Average 18.9

Journal of the KNST 2025; 8(3); pp. 323-330 329
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SEAA A2 HMD, AAE /P A A7], PC
EQHJQ 2Z90] 420000000 x0O
O0O0)F o402 T 2 o] gws
Table 113} Z+ T},

Table 11. Display resolution

Category Device Resolution
Electronics whiteboard 3,840 x 2,160

Training Monitoring display _
environment (instructor view)

display

Monitoring display _
(trainee view)

Trainee VR-HMD 2,064 x 2,208
equipment Training PC 3,840 2,160
4.8

2 =Ro Al VR 7ute] SEE W 558 73}
st AH . SAAE AA-AS6H7] A% FtZ AAl
st E6] Ay BE 84X E oz A7E
AyPstAom 77 71uk wsA A o] HE4d, Al

A9 BUH, A AUE FHS BH O DA

ol e W&< 53 <o

=

A AA = 3 s17] o

& Qu] 3% Bopol 4 Yul oY) AEH Frieh
o] % A P ek B3 A% K A AE
A=z AHgR 71N A% B BR4 BF 5L
Soto] AT Yol hEF EYLS YFHE T4
A7t EeY Ao Bt
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