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Abstract

Industrial workplaces inherently has been exposed high risks, and traditional training methods are limited in fully
understanding the complex hazards and situations on site. This study investigates the creation and effectiveness of
Unity-based VR hand tool accident prevention tools using Vive Trackers. It assesses presence levels with Witmer and
Singer's presence questionnaire. Comparing three different methods: VR controllers, hand tracking, and tool
manipulation using Vive Trackers. The experiment showed that the tool manipulation method using trackers offers a
higher level of presence than VR controllers and hand tracking. This allows users to feel as though they are using

physical tools in a virtual environment, significantly enhancing the realism of the VR experience.
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Table 2. Presence questionnaire survey

Questionnaire measurements
1. How much were you able to control
events?
2. How responsive was the environment
to actions that you initiated (or
performed)?
3. How natural did your interactions
with the environment seem?
4. How much did the visual aspects of
the environment involve you?
5. How natural was the mechanism
which controlled movement through the
environment?
6. How compelling was your sense of
objects moving through space?
7. How much did your experiences in
the virtual environment seem consistent
with your real world experiences?
8. How completely were you able to
actively survey or search the
environment using vision?
9. How compelling was your sense of
moving around inside the virtual
environment?
10. How well could you move or
manipulate objects in the virtual
environment?
11. How involved were you in the
virtual environment experience?
12. How easy was it to identify objects
through physical interaction, like
touching an object, walkingover a
surface, or bumping into a wall or
object?

Factors

Involvement

Sensory
fidelity

13. How much did the auditory aspects
of the environment involve you?

14. How well could you identify
sounds?

15. How well could you localize
sounds?

16. How well could you actively survey
or search the virtual environment using
touch?

17. How closely were you able to
examine objects?

18. How well could you examine
objects from multiple viewpoints?

Adaptation/
immersion

19. Were you able to anticipate what
would happen next in response to the
actions that you performed?

20. How quickly did you adjust to the
virtual environment experience?

21. How proficient in moving and
interacting with the virtual environment
did you feel at the end of the
experience?

22. How well could you concentrate on
the assigned tasks or required activities
rather than on the mechanisms used to
perform those tasks or activities?

23. How completely were your senses
engaged in this experience?

24. Were there moments during the
virtual environment experience when
you felt completely focused on the task
or environment?

25. How easily did you adjust to the
control devices used to interact with the
virtual environment?

26. Was the information provided
through different senses in the virtual
environment (e.g., vision, hearing, touch)
consistent?

Interface
quality

27. How much delay did you
experience between your actions and
expected outcomes?

28. How much did the visual display
quality interfere or distract you from
performing assigned tasks or required
activities?

29. How much did the control devices
interfere with the performance of
assigned tasks or with other activities?
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Az A FAHgAM= ArF A A9 2 F 3. Presence questionnaire A2 Z o}
Aol 9= Z 609 20~3OEH A2 2R Table 3. Presence questionnaire survey results
o 609 WA & Al e wHeE ng wetomaie | VR il
FZH=E A3} A 191_;4]]‘— VR AEEY A0S naeasurements controller tracking tracker
olgsir, 5 WAl A= B 24 714 B8 1 365 365 | 43
= oy 9= 2 3.75 340 465
Al WA Vie ES7IE 283 22 Ve
F A AT Vive SA712 BT 25 Jles 3 370 345 430
53 u5E ey 1S dAHoA e AAE 4 375 375 495
2 @GN FFFE o] 8T o T F 3l 5 345 340 420
tOdE 98 24 ARES 1o deshe P 6 394 385 4.5
o = 7 405 355 460
= 3 B3
A AU e 7 AE8Ql 9 kAgE s 9 365 410 455
VR 3ol wewe ¥ x2y 43T, Ad 57 10 340 3% 460
T, BA $3T, 14 £3T F 49 99a9 i 340 340 1 440
L o 12 320 3.70 430
SAE 7 SErel SuE Aeud 2ER A8 average 369 ST | 4M
M Slsin, Ag B £ A% A o . 200 10 1A
ne 17 320 375 440
3k 3l a9l 6701';8'0 %‘“V‘]’TSL 2E#A 9 18 315 315 400
Y W&S AFst Sensory 499 370 455
Age AgAE0] 7 108 MET A average
ol %4 A7 E4 VR SAAME A7 19 345 360 435
HAE AERAE A3 7o FEH o]F 21 335 380 420
= sl A Bl gg e gAe 5 2 415 390 | 480
- # - L o= 23 390 3.35 435
Rst= 3 s 3_]3**7 A= —.?l?l‘
1:]01' *q = cHO]'J— E“J’E E]' o4 435 375 470
25 420 345 475
42 Mg Za} 26 39 435 440
Adaptation/
i immersion 3.88 3.74 4.45
32 A A3E Yee EEC’]E}. 7} Fof average
of B W SAUR o] 369, 357, 444, 7 21 385 | 415 | 520
- 28 410 410 485
7} ZA = Z 0 2
4 SR 3. 9,370 435, —|o/ = 3.88, 3.74, %9 390 415 485
445 RIE|F o]~ 4;&0 3.95, 4.13, 4979 Ftel U Interface quality 305 413 47
Elgton, & HFS 370, 3.78, 4.55% et # average : : :
270 elelm A Jlel welEe g 370 378 | 455
ANOVA(Analysis of Variance) E|2EE A A|5lo] A
W o] SANCE SBast Bl AolT Ml E 4 ANOVA 23t
ﬁ@_}u} Table 4. ANOVA results
X 45 ANOVA #4915 SPSSZ gt Asjolt}, Sum of Mean :
squres o square F Sig.
Fzkol 51665<>ltt1 TgEY ForEdd 0051-'@}
Between | 10495 | 2 | 5247 | 51665 | 00001
A7)0 Al 7R Bl AAE ) Bl B | oo | 1 gl N
Fajol7} 9Je-& oF 2= 9t} Within B B
tol7b 9= T AT aouos | 787 | 75| 0102
Total | 18112 | 77| - - -




252 Vive Egf A} 3D ZeE S &83F VR 37 Ao Fe=

¥ 5+ Scheffe®] AMFHA Aoty $2F R A2 YT o], AAFR A w8 F8A4
24% B2 =W VR AEEZe9 dE Eygel  of grHm Ytk AEA n§ e Agel B
g FEoR, Vive EA7} & HHOoz Fof 2ol [T AP .Aas s dgshe v A 8
= Eoh =3 28 A WA Ak 14 A o & d7ddAe FUESE Z8stel VR 7IEE
ol Hlsf RlaA Foh o]E Fel Vie EHAE WG A 2ES et d, A 7R e 24 WS
AR Al el Wt 7P =4 YeRd e 3 7 T F9E AdHow A=s0)
121 4 T AE EAE Bd) Vive EAAE AR OZ, Vive EAAS AT 24 mI=
F4% BT A8 HE A3 ASAE TEL A8AIA ARAY ARS ATFOZH £
Al Ad 248 AAFHCE osF 4 AT ek o 242 ol AAde AP Tl
= BeS Btk 53] AREAE Al =FE AR 7129 VR AEEHTS AHLsH= AL dolA, o
S A VRoIAL AEHOH B BT AE ok BAS 2A 42 Wasomn ALl
el APl Adshe AoR wE FUHES gopd 45Ae JEL AZE 5 9 9 ole
A 0% AQdth ARASE AA EFE A VRe AMERL QEIF 0|29 B8-S sbsElA ik
o2 US AU JENE YL, o1F  wa p zdEd VRS AR A @ A
T3l THEERINA Y Sd 8AE Ho AAFoR BAA B &7 A7+ TA Aokt
IR 4 Gtk € 979 B2 59 W 25 ol AWE wEew, §UE ik VR i
FHZoAM dEs o83 =79 Aol ABA 9 gsEe AgEAdAY w TET thks
ol Az * 1 EYE A 5 A, Ropolre] wgo] B4 2 WAL AL g
WA, VR AEEE AET B ASE go goggn o, 2 dAvdd W99
T 44 ”] —ﬂ1 | A, EgiA e 3 1 ANOVA AExALe] 29271 oo zs Ay ZAx
U UES Tl dust ARY AIHNES T o gm nran @A AN
AN olE Tl 7MY A F 4 A=} = gorst AUEosl e WS Edlsi Alx
M w2 o veRth WS B AL A go wens mae g PR Aol =
SEUSt Vive A STAY 24 ARE UE g pi gu 41 A4EY e L AR B
s, e e 5 A S HE qopye gusie w9 Ageln
of 48 =75 AHgste AP Bl e 59
oM e s Hith
References
¥ 5. Scheffee| At=HA 2ot
Table 5. Results of Scheffe’'s post hoc test [1] H Pak and C. Koo, "Effect of virtual
Subset for alpha = 0.05 reality-based construction safety education on the
VR QI\; 37:)58 % learning performance of construction workers -
controller ' Using CAMIL theory -", Korean journal of
Hand _ construction engineering and management, Vol. 23,
tracking 2 37150 R
Vive No. 3, pp. 104-115, May 2022. https://doi.org/
racker 2 - 44885 0.6106/KJCEM.2022.23.3.104.
Sig. - 0.99% 1.000 [2] R. H. Lee and K. T. Gae, "Study on Building a
VR-based Rotorcraft Pre-flight Inspection and
v.4d =2 Start/Stop Procedure Training System", Journal of

KIIT, Vol. 21, No. 11, pp. 193-201, Nov. 2023.
AdHANA = oy FYSe Lo gH o http://dx.doi.org/10.14801/jkiit.2023.21.11.193.

w5



Journal of KIIT. Vol. 22, No. 1, pp. 245-254, Jan. 31, 2024. pISSN 1598-8619, elSSN 2093-7571 253

[3] S. W. Shin, H M. Lee, H. S. Moon,and S. T.
Chung, "Multi-player Contents for Upper Limb
Rehabilitation based on VR", The Journal of The
Institute ~ of
Communication, Vol. 19, No. 3, pp. 115-120, Jun.
2019. https://doi.org/10.7236/JIIBC.2019.19.3.115.

[4] J. H. Lee and S. H. Chang, "Emergency situation
safety education training VR content model

Internet,  Broadcasting  and

design", Journal of Digital Contents Society, Vol.
22, No. 1, pp. 41-49, Jan. 2021. https://doi.org/
0.9728/dcs.2021.22.1.41.

[5] J. Chae, "Study on firefighting education and
training applying virtual reality”", Fire Science and
Engineering, Vol. 32, No. 1, pp. 108-115, Feb.
2018. https://doi.org/10.7731/KIFSE.2018.32.1.108.

[6] S.-H. Kim, J.-H. Park, J.-Y. Park, and S.-G. Kim,
"Fabrication of custom assistive devices for VR
controllers using FDM 3D printing", Vol. 28, No.
2, pp, 107-114, Jun. 2023. https://doi.org/
10.29279/itr.2023.28.2.107.

[71 Y. H Heo and S. H. Kim, "Design Process
Suggestion of Vibrotactile Interface applying
Haptic Perception Factor Analysis", The Journal of
The Institute of Internet,
Communication, Vol. 21, No. 5, pp. 79-87, Oct.
2021. https://doi.org/10.7236/JIIBC.2021.21.5.79.

[8] G. N. Go, S. M. Ryu, W. S. Kyoo, and S. H.
Nam, "A haptic controller exterior design for VR

Broadcasting  and

prototyping system", Journal of Next-generation
Convergence Information Services Technology,
Vol. 7, No. 2, pp. 237-246, Dec. 2018.
https://doi.org/10.29056/jncist.2018.12.10.

[9] Y.-W. Lee, "The current situation and prospect of
safety education contents based on VR", Journal
of the Korea Institute of Information and
Communication Engineering, Vol. 24 No. 10, pp.
1294-1299,  Oct.  2020. https://doi.org/10.6109/
jkiice.2020.24.10.1294.

[10] S. G. Jeon, S. W. Paik, U. Y. Yang, and K. S.
Han, "Investigating human factors in VR control

modality in a firefighting training context", The

Journal of Korean Institute of Next Generation
Computing, Vol. 16, No. 5, pp. 91-105, 2020.

[11] D. R Kim, D. Y. Lee, and J. J. Na,
"Development of VR content based on a touchless
interface using hand tracking - game of curing a
human body <Robot Doctor VR>", Journal of
Korean Society of Media and Arts, Vol. 20, No.
1, pp. 29-44, Feb. 2022. https://doi.org/10.14728/
KCP.2022.20.01.029.

[12]  Vive,
tracker/category _howto/tracker.html [accessed: Dec.
13, 2023]

[13] Unity, https:/docs.unity3d.com/Packages/com.unity.
xr.interaction.toolkit@]1.0/manual/index.html [accessed:
Dec. 13, 2023]

[14] C.-J. Chae, J.-W. Lee, J.-K. Jung, and Y.-J. Ahn,
"Effect of virtual reality training for the enclosed

https://www.vive.com/kr/support/wireless-

space entry", Journal of the Korean Society of
Marine Environment & Safety, Vol. 24, No. 2,
pp. 232-237, Apr. 2018. https://doi.org/10.7837/
kosomes.2018.24.2.232.

[15] D. H. Chung, "Effects of visual and tactile
elements on game users' experiences in virtual
reality games", Korea Institute of Design Research
Society, Vol. 8, No. 2, Jun. 2023. https://doi.org/
10.46248/kidrs.2023.2.44.

[16] B. G. Witmer and M. J. Singer, "Measuring
presence in virtual environments: A presence
questionnaire. Presence”, Presence: Teleoperators
and Virtual Environments, Vol. 7, No. 3, pp.
225-240, Jun. 1998. https://doi.org/10.1162/105474
698565686.

[17] B. G. Witmer and M. J. Singer, "The factor
structure of the presence questionnaire”, Presence:
Teleoperators & Virtual Environments, Vol. 14,
No. 3, pp. 298-312, Jun. 2005. https://doi.org/
10.1162/105474605323384654.



254 Vive Eg A9} 3D =g& 843 VR 37 Asfd ez

‘ KA

B = 1 (Gongkyu Byeon)

z A B (Kwon-Taeg Choi)
“ 20061 2€ : dAAHEt L
HAFE S (F A AD
20114 2€ : ATt
7—1 EE1 313}y J,].(_\—sl-bﬂ- ].)
20163 3¢ ~ EA : 7&‘“1?%1

Rl
=3
e
o
=1
o
N
al
Lok
o
T
o

7 A & (Sunjin Yu)

20031 8¢ : ATt
A2 BF8HF AR
20061d 2€ : dAA st
R A N4 F-8H(F A A
20119 2€ : AR

71328 8H(F 3
2011 ~ 20128 : LGHA|&d
T T4 AYd+4
201243 ~ 2013\ : At A7) AAEE A
2013 ~ 2016 : AlFgetoidty HEF e
201613 ~ 2019 :

~

2019 949 ~ dA] .
R} AHEH



	Vive 트래커와 3D 프린팅을 활용한 VR 수공구 재해예방 콘텐츠
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 관련 연구
	Ⅲ. 시스템 제안
	Ⅳ. 실험 체계
	Ⅴ. 결론
	References


