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[Abstract]

This study proposes a haptics-driven virtual reality shooting education system. The system includes a wire-driven haptic device
that delivers 3-axis force feedback to simulate the recoil experienced when shooting. We have developed a method to calculate
the position of the end effector of the wire-driven haptic device and generate force in the desired direction based on this position.
The maximum amplitude of force(55 N) that the haptic device can produce corresponds to the position of the end effector and
the direction of force. Our findings show that the maximum force output of the haptic device decreases as the position of the end
effector aligns with the intended force direction. The virtual environment in this study mirrors real shooting scenarios with

background settings and moving targets, allowing users to practice shooting targets at various distances.
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Table 1. Summary of previous studies related to haptic
devices for shooting education.

Prevpus Advantage Weakness
studies
All'in one simulation
J.-P. Jo service for screen — Generating 1-axis
etal.[12] |shooting and VR force information
shooting
J. L. Hand-held VR shooting

— Generating 1-axis

Berna—Moya | controller for recoil , )
force information

etal.[14] |effects

— Weak force
Commercial haptic information(3.3 N)

L. Wei device based simulation

etal.[15] system for firearm — Narrow operating
shooting training range(431 W X 348 H

X 165 D mm)
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| Gun shaped information input device |

I Visual display device I | Wire driven haptic device I
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Fig. 1. Components of the proposed virtual reality shooting
education system
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Fig. 2. Signal flow diagram of entire system
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Fig. 3. (a) The gun-shaped information input device,

(b) the combination of the gun-shaped information

input device and the wire driven haptic device

el x| 28 28

Aol 2712 42 AA(FSR 402, Interlink jil)(SZH-SENO2,
SMG iit) ¢} 3g] = ofe] 17877} AggE o] lom, nlo]la
2 HAEZT(STM32F407, =25 jib) 183 §41 SA%
E(Stellaris-JTAG, =25 jih) 2 FAAEHIH 3(a)).

A ol A= o A= AREAE AFE ZRAE F
stal, AREARe] ME7t AW EE FEUEA TR E B
A=A E SAET) wg, Wolddd g@AlE AN = AR
Zpe] &o] ol HE 9 F2& A7IE SAH%) Y 4
X eko] 1K= gfojo] =l E X = o]HE e}
ARE = AFEEH, oo} = Y X7t B )=
3 JHE AR Al sz ARS-E TR 3(b)).

E 7]Hke 7 )
J—% 3 9}0101 =2 Y 2A
& A= AAE A
A 7R AAAQ AW BES
Al AHAR T ARl A 2ok
BejFEmy o] /PFEA7E FAE I 18 4(b)E AR
Aglell w2 w49 Eaah w49 T PIAEE B
o 53l FAvhe A1) spoleb 5 X[ e] Hjaart v
Al FAEI. 28 4= ARAPE AR 7Pt of
olo] =g FEl A= o] fa|A AHAet= A nolE
Uk ARSAPE A S A, A Al AP Ae] 4
Hol H& Ho7hes T =T

_El
HN
o
g~
05
o
oﬁ e,
é
e
ruz

http://www.dcs.or.kr



C|X| ™ 2El = &5=&X|(J. DCS) Vol. 25, No. 4, pp. 1021-1026, Apr. 2024

Fig. 4. (a) Overall appearance of the virtual environment,
(b) target according to distance and surrounding
environment of the target, (c) A situation where a
user shoots a gun through a virtual environment.
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Index information

Ay: Motor (No. 1~4)

k: Lengh of the wire (No. 1~4)

P (x,y,z): Position of the end effector
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Fig. 5. Geometrical diagram of motors, wires, and the end
effector of the wire driven haptic device for
calculating position.
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Index information

M;: Motor (i is 0~7)

F(M;): Generating force (iis 0~7)
cos(M;,): component force of x-axis M;
cos(Mjy): component force of y-axis M;
cos(M;,): component force of z-axis M;

Fy, Fy, F,: X, y, z axis components of the generating force

M, M,
" S S
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Force calculation matrix
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Fig. 6. Example of teh geometrical diagram of the wire
driven haptic device for generating force and force
calculation matrix
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Fig. 7. Calculation results of the maximum force
depending on the direction of force to be
generated by the wire-driven haptic device and the
position of the end effector
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