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[Abstract]

In this paper, we propose a new framework that calculates the user's hand motions using a Leap
Motion device, and uses this to practice and analyze arm muscles as well as juggling motions. The
proposed method can map the movement of the ball in a virtual environment according to the user's
hand motions in real time, and analyze the amount of exercise by visualizing the relaxation and
. 1) It tracks the

user's hand position with the Leap Motion device. 2) As with juggling, the action pattern of the user

contraction of the muscles. The proposed framework consists of three main parts

throwing the ball is defined as an event. 3) We propose a parabola-based particle method to map the
movement of a juggling shape to a ball based on the user's hand position. As a result, using the our

framework, it is possible to play a juggling game in real-time.

» Key words: Leap Motion device, Hand motion, Arm muscles, Virtual environment, Juggling motion

(2 of

B R PEA Uule2g olgdte] gAY & £49S AN, olZRE AFT
AR ol o2l FEFe] B TRE A% P PHT & i AZE ZAYYAE Aot
S AQksH: e BAZoR ALgAS] EEA B IBAANN B 49 Y @
Fola, 25 ol 5 AZssel $ERE BAY & otk AYskE Zedgas 2
A A REOR THEG : 1) ARA Trlo]2E o gste] AgAel & GAE FHUT 2) A
G2 BEol, g BL WAL A% NS oMER Rk 3) AR £ AN NF
on A2 Fue $AAS ol viWa] AT EBA AW AR /HE s Aspge.
28 =Fe] ZAQYAE olgakd A 42 ALL T 5 9l
» ZAOI M ClHlo|4, £ S, T 28, JHEY, H3Y 24

* First Author: Jong-Hyun Kim, Corresponding Author: Jong-Hyun Kim

*Jong-Hyun Kim (jonghyunkim@kangnam.ac.kr), School of Software Application, Kangnam University

* Received: 2021. 08. 17, Revised: 2021. 10. 12, Accepted: 2021. 10. 12.

Copyright © 2021 The Korea Society of Computer and Information
http://www ksci.re.kr pISSN:1598-849X | eISSN:2383-9945



52 Journal of The Korea Society of Computer and Information

I. Introduction

o] 25 gxlde 2370 JlatlA A
Fe wou], AN FAL &S ANt of FAo

oo} 289) ojghat 4%0] HATCH1-3]. ol2]
(¢]

-1 a o “
HCHA-7). ARE 1A 38 2oplMe Z=4A
7|5k} oete st Apdaze UA| AARE SA1Y
= Adsteds sol s AEof el 12
L ol2fer 82 VR(Virtual Reality, 7Pd@dd)at
AR(Augmented Reality, 37432 GHIHEA AR
270 Agsteld AAZIOR AHgAle] B SAlglS

jus

ilte

e
ZAE 2 glojof gict.

£120] VR Al AIZEQl @ awek ofe} Bz
Srjetsbr] sl MAAES A 2w AeH). sHAlg
olefat 7142 At} Zo] LB 2H Hlolelg %] 9
glo] ofjay, Avk ALEALS HEeH] ofele AlAE
o]7] Th2o] £ =BoAt Zlo| Tzt &9 gAlYS
APl 5T & 9l CujolAl Yoy ettt
[10]. o] 9lo] 0] SxlQlvto.2 W 80| ojghu} 252
o5 slo} £17] 2o QoA AFet BAISL vieA] B
2] ofo it

A2t e wol
Effo, Choi 52 o]
2 BRG] ot 7
o2 Hstel A3
QRITH11]. o] H2

AFg3HE 7o) ofd, ARgAL

;oo
e}

T oS
rlo

=

f

2

O

o

oX T

o oo
12 o r8
& re pry o rst
-
o o “;lj ox It
Jd _EL l-'Oll
9 210 ol
mo >~ "7
ol
HMr <
1%
ol
o
2
)
uH
olt

o
ol
-
)
ol
=
rr
o}
o
et
=)
i)
ol
=
)
=

)

o, EUU|L} QEE A AlARoRE 85}
7] ofele ATelct. 4 Hil-type & 2ol

Pennation Zre=, |0 3, Way-point®} Z-& tjofst &
A oehgE2 AA| 452 A 2t 7fEA e
2 Z27AEojolsty| miwol AR ARAPE Hshe AutE
UEHH SARE oetuly FEug2 AAof st

olfl A4=oMe ZAAIY A Alelold
Aol S&E o] et Algeflold & Ao 715
HEIARITH3], AREALS] Aol SHA AARIE Alofsh
QEAMEIE AARIOR SRS F20HA] %%
Lee 52 HUAt 22 =5 +&29 Al1HE HEEF
£ ol&sto 400 9t 259 Alde BT & 9
<=4 AlgEllold 7R ARSI 13]. Si 5ol ARkt
AR Algdlolde 22 AlZfehs 9t Wiolui[14], o
A A] FEM(Finite Element Method)} SAlsHA M ZHE

o]

=%
=2

=
=2

o T < T=)

2

hr

1%

G

m

i)

-
rr

o

NESAS A8slo] 24T T80 ofdt §XUS EA
). Fan 52 A5 Z2jojelue] S5 s|toe 22
o §A19I2 rgRo R HAFCHIS]. Tl 7oty
Aol AAEIOIA] Si So] WrHT{14] St SHFo]
AR B RO 2o] §AUS UAZIOR BA
stol 4] ZI¥F o] ohdl, 22 JlNroE A BA

S US4 ol mAYIS At

II. Preliminaries
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III. The Proposed Scheme

1. Getting hand position from Leap motion device
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Fig. 1. Ball movement in response to hand movement
((a) small force, (b) medium strength, (c) large force).
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Fig. 2. Parabolic movement according to the
movement of the hand (arrow : hand motion).
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3. Visualizing and analyzing of arm momentum
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Table 1. Two cases for bending situations.
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Fig. 6. Muscle contraction and relaxation calculated by
bending of the joint.
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arm momentu

Fig. 7. Our results (contraction:ll, relaxation:ll).
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