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Abstract

Exercises using a Balance Board (BB) are effective in developing balance, strengthening core muscles, and improving physical
fitness and concentration. In particular, the Smart Balance Board (SBB), which integrates with various digital content, provides
appropriate feedback compared to traditional balance boards, maximizing the effectiveness of the exercise. However, most sys-
tems only offer visual and auditory feedback, failing to evaluate the impact on user engagement, interest, and the accuracy of
exercise postures. This study proposes an Immersive Smart Balance Board (I-SBB) that utilizes multiple sensors to enable train-
ing with various feedback mechanisms and precise postures. The proposed system, based on Arduino, consists of a gyro sensor
for measuring the board’s posture, a communication module for wired/wireless communication, an infrared sensor to guide the
user’s foot placement, and a vibration motor for tactile feedback. The board’s posture measurements are smoothly corrected using
a Kalman Filter, and the multi-sensor data is processed in real-time using FreeRTOS. The proposed I-SBB is shown to be effective

in enhancing user concentration and engagement, as well as generating interest, by integrating with diverse content.
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Figure 1: Exterior structure of balance board [15].
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Figure 2: Inner structure of balance board and curcuit.
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Figure 3: Block diagram of proposed system.
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(b)

pitch

Figure 5: 3 axis-rotation of MPU6050.

(a)

0 9 19 29 39

(b)

Figure 6: Values of pitch and roll of MPU6050 (a) with Kalman
filter and (b) without Kalman filter.
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Figure 8: Warning of the foot displacement.
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Figure 9: Various contents: (a) target, (b) maze, (c) race car, and
(d) 3D hickey.
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Table 1: Questions and the scores of user experiment assessment.
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Table 2: Results of t-test of each question of user experiment as-
sessment.

Question # t-value p-value
1 -2.932  0.0056
2 -3.644  0.0008
3 -4.301  0.0001

Table 2014 %49} o], Al AR wEo]Aq A4t SBBK

o} I-SBB7HE] 4= AHo=z Fomgt 45 (p<0.05)

©& tehgt, o]L ASHEl 1-SBB7} oIt SBB| H]a) ALg4}
A9 ZolA o 9558 ojnjatt,

ol% 1-SBB2| 7} Ao tg ZApA] 9 ZpA]

of gl

=0
S
ol F

J_io 7]——2— 1] oﬂ

St 21E 2E Q] 7 Fr= Aol sAY o2
Ak FE Al AeE 6l A m =S Algote], A
29l Rh £E8 wolal wE A7t e sl ke o4
Q1 Hh-g-o] AU EE, HFo] TSI FE& HaselH =

1 2lo] Z7}ste] 714
R o) 1o] Sigich Held 4
shelsto] ALg A7 2R 2E AWt =
e AN 2 22 QWS AL YA o) Hes
LoTHe 24
A1) 270] ntet 24
= o]7o] QJolk. EFH 2

19, o\o il
mE o
jg 58
E

N

N
n)

|

=t

fu

2

|

Rl
_E
:Ouzllz

o

o,
r&“
L

ArEe 25 20\'41_'% %L*JFM Lol, Aleret & doﬂ SBBJ
Y=o TS dFsIole A7 A Al E A
5. &

2 =Rl G AAE GET 2YF A EEHAHE
S AltstH om, ARgAH O] Aot 52 st 2=
1E Sdietehs A —E—ﬁf‘n &ttt} ofF ol UNO HEE 7]
HFo & sfo] MPU60S0 %52 &8 27 THE 283t SBB
o] AAIZE Zpol & HlolH & {574l TAS T3l Hutela=z A
ot AFgAE o] HiolHE Z-85to] IHHEE Fdlxe 2



ol
32
v
o)
£
)
op
2L
Lo
o
Jot
e
s
X
i
o
H
ol
il
sl
i
ol

2n) mgjg
g

e

>,
oo
_O'L
l Q
2
)
offt
H
!
i
of
:cle_t‘
iR
=
l
1=
filo

@

Ho
BN
rlo
il
8
oy
i)
Ololl
=
mlm
Jo
e
QL
32
v

ol
L

o O 1o o

- nz
r—?-ll‘ rn‘.
Z
@ b o &
o]
o]
ﬂﬂﬂl
I
El
ot
el
N
o
%
offt
e
et
rO
m

T o
lo, i

Y,

o

HE

pacs

=

w

o)
>,
oo
)
ol
N
N
N[FU
2
o,
ol
%2
o
>
ot
.
S
o I

ol rjnt T
oy
2
)
rr

o o
-
wn
5]
w
N
N
n
Ho
Hir -
rlo
il
rl
oyl

D=

O
rr
o)
-
]
i
Jo
A
o
N

oo
BTl

N
N,
1
i

m e oo O o & 10 4 N off
ro o
e, o

[r
%0

39

fr

B

Ny
4 2

ro 2 0 off S 39

.H

|92}

oy

o

rr

2

)

o

o o,
mlo r U-‘O
N ©

N

2 xo o
K oxe
30,
0

e

s

=

|92}

>

o

lo

o,

2,

Ho
ol
1o
foi
=)
o
I
N
T
1o
g |t
K
r,

R A
o
N

g

>y
T
2w
. =
Wi vv)
N b9
HL ool
[
1% oy o

_lfé 1
flo
N A
okl ©
5
ol
2
Hir
Mo
M
o
oy
o

2
o
rx,
2,

eI ET T )

2t [n
olt _ﬂ.m

f
Mg o

=
S 2H AR A 217 FAISH =, HAdE
wh ozt eke AR 95 4 Ak shATto 2,
reeRTOSE A8 B E
A2 8-S Hotslod H BEHE B
£ B¢ 1-SBBL thyet Rofol 241

oy
—

ol
i

i
)
os}
ey
rir
L
o2
<
e
o
il
it
oo
ot
el
rd
o
H1
= O

o
i
4o

f

°% 52 Pyel P=E wop
2 otk ol SsHE HelA
A 2] 9125 hepabA 27ste] W 917]0] e ThoFe 52
FsakA st Aol Fasith. et g5 AT A Tt
AYhe] ALgA) WE HH 9 AAE AT HES AT
. olE BET A4 AFL Foh Aot LSBBO] =S
(]

F Al

o9,
kN

el

oo
L o
S @
S
s
5 e
wn
N rO |
wh
g =
~ OTC;
o,
>
e
rf
-
A
1)
sl
>
ooll
i)
2
lleS
=
—
°
[\]
(]
[\ S}
+

References

[1] e24 and 79, “2%F T4 HAARE 258 5t
ol T irgo] 1 49T 5 Aol viAE 9

T o

ol=+ur-9-8+e5} 5] 7], vol. 29, no. 2, pp. 117-122, 2021.

[2] L. J. DiStefano, M. A. Clark, and D. A. Padua, “Evidence
supporting balance training in healthy individuals: a systemic
review,” The Journal of Strength & Conditioning Research,
vol. 23, no. 9, pp. 2718-2731, 2009.

[3] A. Gebel, O. Prieske, D. G. Behm, and U. Granacher, “Effects

of balance training on physical fitness in youth and young ath-

[4

[}

(5]

(6]

(7]

(8]

[9]

[12]

[14]

- 177 -

letes: a narrative review,” Strength & Conditioning Journal,
vol. 42, no. 6, pp. 35-44, 2020.

J. Saraiva, G. Rosa, S. Fernandes, and J. B. Fernandes, “Cur-
rent trends in balance rehabilitation for stroke survivors: A
scoping review of experimental studies,” International jour-
nal of environmental research and public health, vol. 20,
no. 19, p. 6829, 2023.

A. L. Betker, T. Szturm, Z. K. Moussavi, and C. Nett, “Video
game—based exercises for balance rehabilitation: a single-

subject design,” Archives of physical medicine and rehabil-
itation, vol. 87, no. 8, pp. 1141-1149, 2006.

R. Baranyi, L. Rast, K. Pinter, C. Aigner, D. Hoelbling,
and T. Grechenig, “Fruitgrind: Analysis, design and develop-
ment of a serious game supporting knee rehabilitation using a
smartphone attached to a balance board,” in 2023 IEEE 11th
International Conference on Serious Games and Applications
for Health (SeGAH). 1EEE, 2023, pp. 1-6.

I. mobinus, “mobinus,” 2017,
https://www.mobinus.co.kr/main/index.html [Accessed:
2024.06.11].

I. STORNG FREINDS, “Strong friends,” 2021,
https://www.strongfriends.co.kr/ [Accessed: 2024.06.11].

I SIA Barboleta, “Barboleta,” 2018,
https://barboleta.lv/en/home/, [Accessed: 2024.06.12].

R. Barry et al., “Freertos,” Internet, Oct, vol. 4, p. 18, 2008.

M. Khodarahmi and V. Maihami, “A review on kalman filter

models,” Archives of Computational Methods in Engineering,
vol. 30, no. 1, pp. 727-747, 2023.

S. Ogaya, T. Ikezoe, N. Soda, and N. Ichihashi, “Effects of
balance training using wobble boards in the elderly,” The

Journal of Strength & Conditioning Research, vol. 25, no. 9,
pp- 26162622, 2011.

H.-C. Hsieh, “Preliminary study of the effect of training
with a gaming balance board on balance control in children
with cerebral palsy: a randomized controlled trial,” American
Journal of Physical Medicine & Rehabilitation, vol. 99, no. 2,
pp. 142-148, 2020.

D. Fitzgerald, N. Trakarnratanakul, B. Smyth, and
B. Caulfield, “Effects of a wobble board-based thera-
peutic exergaming system for balance training on dynamic

postural stability and intrinsic motivation levels,” journal of



[15]

[16]

[17]

[18]

orthopaedic & sports physical therapy, vol. 40, no. 1, pp.
11-19, 2010.

S. Brain Science Inc., https://www.brainscience.co.kr/.

R. De Ridder, T. Willems, S. De Mits, J. Vanrenterghem, and
P. Roosen, “Foot orientation affects muscle activation levels
of ankle stabilizers in a single-legged balance board proto-

col,” Human movement science, vol. 33, pp. 419-431, 2014.

bl

U. Technologies, “Unity learn karting microgame urp,
2020, https://assetstore.unity.com/packages/templates/unity-
learn-karting-microgame-urp-150956description [Accessed:
2024.06.12].

A. Lapusteanu, “Simple 2-player 3D air hockey game
developed in wunity,” 2020, https://github.com/Andrei-
Lapusteanu/3D-AirHockey [Accessed: 2024.06.12].

-178 -

QSRPEY b
o]& &
¢ 2023 F=fstw HEn|t]o] ¥y} kAl
£ 2023 ~ @ Al E:Lﬂ%iﬂ e AR
A Ab}A)
o PRk AFE YA, V) FaY Ag Y
* https://orcid.org/0009—-0005-1441-4794

o] &

+ 2019 ~ @A ot HEw o] 33z}
61—/\]__],]_7(4

Padatok : AFH v, AFE 28I A

* https://orcid.org/0009-0002-1244-8243

a2 4

£ 2019 ~ @A) B3l 8 Wl v o) ot}
EREE

+ ROk : FFE 1A 2, HCL A3

* https://orcid.org/0009—0009-4770—6477

A 9E

£ 2009 ~ {A () A Eol

£ 2012 ~ BA) () FAAFH 43 BEoE

+ 2014 ~ 2019 g=4¥ fetlgets] A9

« 2016 ~ 2018 F=rdjgh
vff“JE%]om 9 w8y

* 2016 ~ EIZH 'Z,Llr%,q-/\]ﬁtﬂ—ﬂ ﬂt‘_o]/\]_

¢ 2018 S=u) 8ty e u|t]o] &7 AA}

© 2022 ~ AA FFTRALR B 2GA A LAE
Abol4) A2 Y

-J,]—/K]Ho]: 74 Eij-aﬂ'ﬂi,%‘rifYJE‘ﬂ}
Egoly

* https://orcid.org/0000—0002-6425-6772

P
s
2001 steFeigtan 483} ehap

+ 2007 A&dgt 7 5FE 38T} vkt

« 2007 ~ A S AlAZE o] §aEy
iﬂ-?/y%ﬂ-’ﬁ/ﬂ—r

P Rok AFE TR A, Vs R A 7
SA/ETdA

* https://orcid.org/0000—0002-0015-8305

. [‘;{Q
el



