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Gesture Recognition based on Motion Inertial Sensors for
Interactive Game Contents
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Abstract

The purpose of this study was to propose the method to recognize gestures based on inertia sensor which
recognizes the movements of the user using inertia sensor and lets the user enjoy the game by comparing the
recognized movements with the pre-defined movements for the game contents production. Additionally, it was
tried to provide users with various data entry methods by letting them wear small controllers using three-axis
accelerator sensor. Users can proceed the game by moving according to the action list printed on the screen.
They can proceed the experiential games according to the accuracy and timing of their movements. If they
use multiple small wireless controllers together wearing them on the major parts of hands and feet and utilize
the proposed methods, they will be more interested in the game and be absorbed in it.

Key words : Accelerometer Sensor, Virtual Reality, Motion Recognition, Neural Network
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1. S8 ZMMA SCA3000 D01 AR 10]
Table 1. Motion Inertial Sensor SCA3000 D01
AF2[10]

Giass AFOF H] a1
Range +2.0g gFHER
Sensitivity 1333 count/g ADCYIE
Power voltage 2.35V ~ 3.6V

Interface SPI oA

Filter Low—pass e g

E 2. 23 ZHMHIA MMA7260Q AF(11]
Table 2. Motion Inertial Sensor MMA7260Q AF2H[11]

piasa ALk H] a1

Selectable

Range +1.5¢/2¢/4¢/6g Sensitivity

Sensitivity 800 mV/g @1.5¢  ADCUHZ

Power voltage 2.2V ~ 3.6V

Interface SPI opdE

Filter Low—pass 49 g
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Table 7. Recognition Rate of Learned Neural Network
in Dance Content

A7 A&
AR =S A2A | Epoch
HE Q14 2914 &
1 5 192 11 - 100%
2 = 229 10 - 100%
3 ek 127 10 - 100%
4 slak 132 9 - 100%
5 A 153 8 1 88.9%
A - 833 48 1 97.9%
3-2 =24

A Zel == zap, upper, hook, weaving, 18]l
ducking®] T 714 A=A E 1AH7] fsie |
A NS F2E 5N AAY BREs AASATh
ANR}E Z47e] A=A E A24817] Hste] <5 H)
olHZ 75 x 7571 9] R} HAE HoJEHR 50 x 75
7H9] Y-S At AlEY o]dS Skt &

S Y3t AAW 25 5709 Epoche= 18 119 Y
F)r ou grF%o] AAYY FHEFI A4S 1
g 129} 3 109 e



268

-J Haure No. 7 AEE

File Edit View |nset Tools Window Help

D& A2/ | 2D

600

500

A0

300 +

200

100

0
2 3

a8 1. 54 ZEIxo| 57§ AKX &&S 2/ Epoch
_/F
Fig. 11. Epoch of 5 Gestures in Boxing Content for

Neural Network Learning

<} Figure B

Eile Edit WMiew Insert qulrs Desktop  Mindow Help ™
Dwde KhRaMs |« 08 =0

3

25+

a2 12, 24 2E xo| AIHY} st

F2Y

Fig. 12. Output of Learned Neural Network about
Learning Pattern in Boxing Content

E 10, =4 Eelxo| NAY sty 21} 3

o|AlS
mE=3
Table 10. Recognition Rate of Learned Neural

Network in Boxing Content

3 9

A8 st Ag
B5 | A2A | Epoch | 5
WE M oy | eqy | ue
1 jap 352 | 15 10 - | 100%
2 upper | 313 15 10 - 100%
3 hook | 533 | 15 9 1 90%
4 |weaving| 412 15 8 2 80%
5 | ducking | 470 15 10 - 100%
3 - 2080 | 75 47 3 94%

F=ryets] =4 4138 A2E 20099 49
3-3 EHLA

Hyx Zelzxe ¥
Al 7HA A2AE Q1487
22 3709 A17% RES AASEY 2174
7Yl A=A E Q14817] et g4 ) 1E1fr_ 45 x
75702] el B 2E Ho|HZ 32 x 757]¢ HE<
ARkl AlEdol s FstATh o] o] F
2 2gel9] Epoch 45 18 139 Yep o, sl58
AR QA& I9 149 & 119 YERTh

-) Figure No. 5

File Edit Mew Inset Tools MWindow Help
D& A2/ 2D

1800

1600 -

1400 -

1200 -

1000 -

800 -

BO00 -

400 -

200 -

a

1 7

2 13, HuA ZE =9l 37 MAX &S 9/
Epoch =+
Fig. 13. Epoch of 3 Gestures in Tennis Content for
Neural Network Learning

-) Figure No. B Q@gl

File Edit Yew Inset Tools MWindow Help
D& kA A/ 220

09

081

07

0B

L | I L L
1] 5 10 15 20 25 30

a8 14, HUYx ZH=9| NAY =5 22| st

jEHo| EEdgt
Fig. 14. Output of Learned Neural Network about
Learning Pattern in Tennis Content



A7), g ; APY AYEa=

H T«

il

E 11, BUa BHEO| AAY S 23 2 oINS

Table 11. Recognition Rate of Learned Neural
Network in Tennis Content

A

fui

o
o2

Al
A

2
o

oy
s

A | oy

Al2~=] | Epoch

fole

rE
fo
ro

>,

4| HE

>3 | 536 15 11 - 100%
428 15 10 1 91%
2jA] | 1711 15 8 2 80%
7 - 2675 | 45 29 3 90.3%

wW | DO |
12 | R
_(?(-_1‘,
n

2

3-4 &7

Bl

dxe Zys, s, 1

BC)

g
Al 7HA A=A E 1A sE =
253709 AR BE5S A
Zro] A2AE Q48] flste] Sk HlolH
7570 2] el B AE HolEE 30 x 7579
ARgste] AlEdo]ds st ol
%1 73E 9] Epoch & 19 1590 Yo,
AR 2R e 17 167 & 12¢] Y

s

ri

o

Mo of

o Q@ o e N W

o 4

:?L_',

X

Ir

'z
> 2R

oM >
oL

,J&;ﬂl'm
oy U @ &

il

-} Figure No. 5

Elle Edit Miew Inset Tools Window Halp
DEEHE kA AL BLD

70
BO0 -
500+
400 |-
300 -
200 -

100 -

i}

1 2 3

8 15, B 2HEIx9| 37| MAX 5= 28 Epoch
_/F
Fig. 15. Epoch of 3 Gestures in Table Tennis

Content for Neural Network Learning

A A BN TPk A2 14 269

-} Figure No. 6

File Edit Mew [nsert Tools Window Help
DeEES KA/ 2L D

0ar

DE-

C-

06+

05 L L L L L
0 5 10 15 20 25 30

O3 16. 57 28 Re| HAE BB o3 st
NFYe| F

Fig. 16. Output of Learned Neural Network about
Test Pattern in Table Tennis Content

¥ 12. B BHIx9 MAY k5 Aot 2 oMg
Table 12. Recognition Rate of Learned Neural
Network in Table Tennis Content

A7 . AX &
B35 | A=Al | Epoch | a5
W5 ALy | eay | me
1 xa= | 222 15 10 2 80%
2 = | 692 15 10 - 100%
3 21 A] 28 15 10 - 100%
WA - 942 45 28 2 93.3%
3-5 28

By Felxes 299 A2AE Q1457 YA
= UA AT F2E 1Y AE% BRES AAE)
A=A E Q12817] st g

x 7570¢] gjElz} " 2E goJHZ 10 x
75709 Y-S AREste] AlEdoldS skt
9 173 3 138 A173% sk g5y ol HlAE
HolHE o&3 2837} A ES YR Foln,

2
aw
>
o
oL
flo
[
oo



270

<} Figure 2 Q@@
File  Edit Miew lnsel_t Iool_s__Desktop !ﬂ[induw Help k]
Dedae kh eRad® |08 sO

3

25+

L L | L L L ! |
1 2 5] 4 5 B 7 8 g 10

28 17. 28 2dxo BAE 22 sEof e
58 A B

Fig. 17. Output of Learned Neural Network about
Tennis Swing Pattern in Bowling Content

E 13, 2Y 2H=o| NHY sts A olalg
Table 13. Recognition Rate of Learned Neural
Network in Bowling Content

]

A7 A&

2

=)~
ey

g A2=A | Epoch el

o,
>
o

Q| wig

T

1 Ea

297 12 10 0 100%
297 12 10 0 100%

oo

)
o
|

=

L oo

At AegeE 463
4 £A% Agosn Nz
st HBHoIr AHgAel 23

r2
-
-y
>
e orr

iz}
o =
a8 ol

o>l
° o
ol
o
=it
°,

7

"

o,

e oo B og =

N

2
BC)

g
=

El

_Qi

I

rlo

it
o
zo, Fir
o>, off
L4
lo
>,
o

2 1
B
¥0,
2
=

i

=

b

X

ol
=

i)

>,
ol
=2

if%mrzoarmﬁ;uiﬁus
i}

>4

Lo

oo

N)

5 X

(

off .
ey
o m
i
rlE Fﬂﬁi
N
g‘& 1o
o
oo

akaels] =A] A13¢ A23 20097 4€

gk & A9 55

A AMSARY 3] 9}
g, Eg /&R Al AEEHE S8FOZHN
° Z

.

2 ) oo

BEH B0 o] R4 JROP, M Bi

oz Y A4 F4 JReIA F7H9 A7
ﬂ =

3k o 2]

Felzo) QAT AA shie] 449 BES &
Qe ABUolde Falo] AN AzxA
FuT e 5o AT RES 9 4 YuS

i}l
k1
2[i]
rak

[1] Johanna Hoysniemi, Perttu Haméldinen, Laura
Turkki, "Wizard of Oz Prototyping of Computer
Vision Based Action Games for Children", IDC
2004, College Park, Maryland, USA, June 1-3, 2004.

[2] E.-S. Choi, W.-C. Bang, S.-J. Cho, J. Yang, D.-Y.
Kim, and S.-R. Kim, “Beatbox Music Phone:
Gesture-based Interactive Mobile Phone using a
Tri-axis Accelerometer”, In Proceedings of IEEE
International Conference on Industrial Technology
2005 (ICIT2005), Hong Kong, December 14-16,
2005, pp. 97~102.

3] #e4], £2, B9, Ak, B4 AAE o]
L35k A7 7 GE] ERRP7)" HCIR2006 =%
& 178 2006, pp.379~385.

[4] P. Keir, J. Elgoyhen, M. Naef, J. Payne, M. Horner,



971, A

AR AYITHN=E 94T +49 FAA

with

Non-referenced Tracking", IEEE Symposium on 3D

Interfaces 2006  (3DUI'06),
Virginia, USA, March 25-26 2006.

51 AAA, AelX, 258, o)A, "R T2 Ao
S SIgt A=A Q1A IPIU, 2004..

[6] M. Brand, N. Oliver, and A. Pentland, "Coupled
Hidden Markov Models for Complex Action
Recognition," [EEE Proc. Computer Vision and
Pattern Recognition(CVPR), 1997, pp.994-999.

[7] B. Kosko, "Neural Networks and Fuzzy System,"

Prentice-Hall, Englewood Cliffs, NJ, 1992.

A5, A A Qeisol 2, g5

£, 2004.12.

[9] 711/1-1 nu;\q;u;q }\]/\E‘:]O o]o 5} J_H]_ol 3D
A2 ez A A, G o)
2006.

[10] "SCA3000DO01", http://www.vti.fi/.

[11] "MMA7260Q", http://www.freescale.com/.

[12] Martin T. Hagan, Howard B. Demuth and Mark
Beals, "Neural Network Design", PWS, ISBN:
0-534-94332-2, 1995.

[13] AW, "AAAAN ZED AAY EaeEs o
&3 24 Al&Ee] 7R, 2006.

P. Anderson, "Gesture-recognition

User Alexandria,

(8] 8 532

[14] "Virtools", http://www.virtools.com/.

A

7ake] A2A <14 271

g 47| (ExE)

1986 2€ : AgUgtn A7]Fsa

(F3h

1994 8¢ : =3 H7A
Ag-8tal(F- 8k A}

2003 8¢ : B JHF
2188 F-SAp

1999 9L~ A : aulEn AFH

19953 . agtgta 423t o]
B

19979 24« Tt HFE et
_14.(—1—-6]-/\4 /\]_)

20041 29 EEistu F5E T
THE AT

2005 2€ ~ 2009 2€

a ArEEet AUt

2009 3¢ ~ dA : 2t JHFAT S AT
I

HYEO AHRE, A A de, A8 S
)



