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Human Postural Balance Control by Visual Stimulation

H.S. Kim*, D.W. Kim*, E.J. Cha**, Y.H. Kim*** N.G. Kim****

In this paper, we report the effects of visual stimulation patterns in the postural balance control. We
used the motor-driven cloth panel and HMD(Head Mounted Display) to evaluate the effects of visual
stimulation patterns in the postural balance control. We also investigated the usefulness of HMD in the
postural balance rehabilitation training system from the view of reducing the scale of experimental
system. Our results showed that a vertical-strip visual pattern was more effective than the others in the
postural balance control. It was also indicated that HMD might be applied to clinical use as a new

postural balance training system.

Key words : Postural balance, Rehabilitation training system, Visual stimulation, Virtual reality, HMD
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Angle of inclination : 20 deg ( Down and Up )
Velocity : 8 deg/sec
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Fig. 7. Head position and COP when inclining the skyline
pattern anterior-posterior

—— Headﬁpogﬁan for (a)
—a— COP for (a)
- -« - -Head position for (a)

- - COP for (a) ,
12 ’ e e
10 \ A
8
a7

Sway width (cm)
[=2]

0 S B ' - e -
0 2 4 6 8 10
Angular velocity (deg/sec)

33 8. Skylne mEOM ZZg wel ojglel 2=z}
COPe HARE=

(a)ZR=Z2 71898 8=

(b)&si2 7|28 =

Fig. 8. Mean sway width of both head position and COP
(skyline pattern)

(a)For the side-to-side direction

(b)For the anterior-posterior direction

ol 55t3| =] A 17 A, Al 435, 1996

(@
10 10
8 g
5~ : : g~
% E b oo % £
25 ge
ko g
i |
< o 0 <
Side-to-Side sway Side-to-Side sway
(cm) (cm)
o : 10 i (0] . 0
1
£ i &

(b) Head position (c) cop

a8 9. X2 FO{Z strip TEol| hE 02| S=/YUn}
COP(& X @ 2cm/sec)
Fig. 9. Head position and COP when inclining the strip
pattern side-to-side

o
£
o

9, Adspkske] clekgl dEnw g TEA)F

#2495 COP9] g% (sway width)& ofefAbat
) Fie Fal vhebdl Aolth 24 mr) weldo) ot
2t 2EFo] Ao AdYAA 54E Holw TS &

# gleh

M
rE
>
b1
Ju
ol
I
<
(]
11
o
I--(')|_|
a
%.
£
[m
1o
-l
oln

L}
£ AYLE vection®@Abel] Rl & o3-S FE= Fua
=& HMDE F3 7521717 fal 594 2=

2 A Ag HMDE Al4z}3ax 2 o]g-algct. A|zb =}
=+ HEle Hdd FEAH e AFE wlglo R, vection
ko] frreko] Ziak Zwl A4 stripHElg B Al
o] Azt 2T el o n AdAslgdrt.

23 99} ¥ 109 F¥) 224 HMDE %4 strip
el A A=A RS 459 #g €49 1 COPe
Apolrh. 17 9% stripRlE AR TEAHL AS
o AxE, 718 102 AFZ FEAY ALY AE o}
Eplch. D FERAE o] &8he] stripirl e AFw

—422—



SRS

P
i

{em)

Anterior-Posterior sway

10 Side-to-Side sway 0 ’ “Fime (sec)
(em)
(b) Head position

10 [

Anterior-Posterior sway

-10 "

79 Side-to-Side sway 1 0 Time (sec) 2
em ) cop
a3 10. ME2 FO{A strip m{El0| g ofgle] FHQlmt

COP(& T : 2cm/sec)
Fig. 10. Head position and COP when inclining the strip
pattern anterior-posterior

Fo R o] FAA AT Aot kAR
zl o) u_l COPE] Hip:]q} yHEdg] o]iul-%o};} j(;qls\} B]-?Sc}:
ol¢

o7 W3 AL 4 9 gk A =gk HMDE A)zh

}_ bl

ASAAR olgq AYel A7l 7€) HMDE ol &

@ Age) Asbe) fabge o o sdeh Teld, T4
A4 HMDE olgd 497} 7%e] HMDE o] 4
e 3}

7 vection®@ A4S 5
ATk L ol el A <d5F
AAE 45 AARAA w2
°i‘4 T Aol 2] 7}%% ERHew F F gldy] WF
ojth. o] LCD wi#] byl g3 HMDe] #lzte]]l glof4]
Bop we Aok AlFe] Fv adbal Wy e] shjeta
& 4 Qlrk.

a9 112 FHAASE sl& AHEA #A=E HMDE
o]-&s}of StripH & #7 =

2 TEIs Aol oL

°] 2 %Fg oe] YA FAse] 7 HFS v
th. StripHgle] o]l xHrrt FUMEFE Q55 E AXE
E 4 e, ol dAH(0.5~2em/sec) A o]u]]
Neis] o F Sk wEss Azadel EAHYS o
Wtk F94 A3E02 AEA AT HMDA 23
9, 103} #zFe] vection®@AL-S A3} o= F
SIck. ol ZHEA FlelAl AHESHE HMD A
GAELagsl AT 12 188+ A8
St AZ T 7122 AZAAAE ] projector & AL
t} =] dlo] F7kAbo & A8t HA-o] ZHorl B oo
Fol A9 2t HMDE Ab&dehal woh @48 27

FERE 9

r°“

2ol olgh ALA|ARA] FEH Aol FE A

 —e— Head position for (a)
—a— COP for (a)
- -« - -Head position for (b)
. --x--COP for (b)

14 ;
|

12 - A 3

p— f |

£ |

= |

30

2 6|

5

o

2 4

&
2! |
0 | — -

0 25

1 15
Velocity (cm/sec)

%l 11. Strip THEIOA 23!
o BRRSE

(a)HMFEEZE 7292 4%
(b=t 7|83 &=
Fig. 11. Mean sway width of both head position and COP
(strip pattern)

(a)For the side-to-side direction

(b)For the anterior—posterior direction

21 wel oj2)9) 3D COP

AT pAFg A el 2

—%% = ‘,_A]A'{r_‘t}‘.

A} 2 R}L A A6l

i
ofp
g

o)
A

kl
L%

o

7g ?]:H A]o];l; A]Eﬂo] %—M ] };oﬂ

opsha|ul, Abgde] Al A olols v &3l JF
& FoH8). F, FHAl AR AAIEY Ao F
AR} oS 2 ko] 9t}

B il Al FEAXE o] &ste] ofe A7t
A (A 9 o] stripsl®l, checks®l)& 5
Aol AT, 2 A% @A stips o] A8
ofell b dskel <dxler, checksj®l, =339 strip
Hele] Fog &7} rastddct Hold FERAE o
£314& o] ASE ulgto 2, 7)Ee] HMDE o]&3}
A Aol Aol FHEEE skylinesfgle] %
W& checksgle g slody, FHA xFgo A=)
HMDE o] &8} Aol FrA &axr) 73 2 <A
o) stripsi&1-& A2 2 sjele @ o) g-shedr).

wgh, B =ddAe M EA Ee AFEHAS

FHEel wd FEFA} FuA) 2
34 HMDZ Hl sl gtel ] 38 HMDel A

—423—



ojze sz : A 17 F, A 4 &, 1996

Wi FERANA FA EZh b AR A
stripA &S ol g5hgdch. 1 A, F AFM A7 AT
shgie] o) g3k AAS gAY Bl fATE ok 4
ololch. whebd, A F AR EAA 2] Az
2 HMDE o]g3h: 2 e 7bsire o + lgleh 2 &
s 71Ee) AzAEE e} ZRAEs) e A7

& dazh 3 oo 29wl P 53 COPel &4
3-SPACE FASTRAKS o]&§ o
1= HeR FE3] sbesielal ARE

.
A el ws) Had B

gl

oX ©
i
-
2

o
nl
rir

N
3

1
) Wi &
]

vection&@Atel] 23t &=
o]+ quasi-staticAt e g} &
COP+= <dxkA o] Slrt.
&5 A ek AgFels owAE HMDe| 7}
o AHAlF e S =7 =AY} AefalEe] A

sg el Folg b o

L
ol
&
4
32
o ‘I(YN
pd
‘o
fu
ES
(
7

=3
vh o] aE AREddAs fed g
&

N
T

A FHAolol JFL Fr ABE A9 FEFA 9}
HMDE £ A7 4347 4shg eorsbnl st 2
t}.

Lo Adsiel F532E o] &ste] FrAld el hal of

o A A sRe AT 2
A @e] Aol by G el 1A% % F 9
ik,

2. HMDE %38 skylinesl g AFAAS A%sh +
WA g0 AT HMDE Ea 149 strips) €
AFANAE 4SS AED W, B BT AGcte] A4
FaAlole] A% ZIHer), FAAlel AT 7

iz Aol 43471 Aol weh o cdge] @

gald 5 ok
3. odxle] stripele Add FEAA N ol &R
S-oF FWA] A58 HMDell o] 8-8t%d& 75 Hla
19jom 2 =4

%

S % o, Ae) AR ANE @ ¢ sder

FRAGEAA 25 ] AZATRAZA HMD2] 84

& g+ lsldh

A2 e A7RFoRe] g A o o

Fe AR Alee FAT 5 3w, AAFAAIE
2:xlel 9]

A4 gAY A1) FEFE FAT F 9l

1. Di Fabio RP, Badke MB, “Relationship of sensory
organization to balance function in patients with
hemiplegia”, Physical Therapy, vol. 70, pp. 542-
548, 1990.

2. Susan J Herman, Ph.D. PT, Assessment and treat-
ment of balance disorders in the vestibular-deficient
patient, Proceedings of APTA Forum, Nashville,
Tennessee, June 13-15, pp. 87-94, 1989.

3. Shumway-cook A, Anson D, Haller S, “Effect of
postural sway biofeeback on reestablishing stance sta-
bility in hemiplegic patients’, Arch. Phys. Med.
Rehabil., vol. 69, pp. 395-400, 1988.

4. Winstein CJ, Gardner ER, Mcneal DR, Barto PS,
Nicholson DE, “Standing balance training. Effect
on balance and locomotion in hemiparetic adult”,
Arch. Phys. Med. Rehabil.,, vol. 70, pp. 755-762,
1989.

5. Lehmann JF, Boswell S, Price R, Burleigh A,
deLateur BJ, Jaffe KM, Hertling D, “Quantitative
evaluation of sway as an indicator of functional bal-
ance Iin post traumatic brain injury’, Arch. Phys.
Med. Rehabil., vol. 70, pp. 955-962, 1990.

6. F. Lestienne, J. Soechting and A. Berthoz, “Pos-
tuwral readjustments induced by linear motion of
visual scenes”, Exp. Brain Res. vol. 28, pp. 363-
384, 1977.

7. G. Clement, T. Jacquin, A. Berthoz, Habituation of
postural readjustments induced by motion of visual
scenes, In Igarashi M, Black FO(eds):Vestibular
and Visual Control on Posture and Locomotor
Equilibrium, Karger, pp. 99-104, 1985.

8. A. Straube, S. Krafezyk, W. Paulus, T. Brandt, “
Dependence of visual stabilization of postural sway
on the cortical magnification factor of restricted
visual fields”, Exp. Brain Res. vol. 99, pp. 501-
506, 1994.

—424—



e o s Az AT 2jt AlAA A FEA el B AT

9. M. Takahashi, T. Ifukube, “A study of the effects tural control characteristics”, EMBS Magazine, vol.
on audio-visual stimulations on human standing pos 11, no. 4, pp. 59-63, 1992.
ture”, 9th BPES 94, pp. 315-318, 1994. 11. K. Barin, “Dynamic posturography’, EMBS Maga-
10. M. Yoshizawa, H. Takeda, M. Ozawa, and Y. Sa- zine, vol. 11, no. 4, pp. 52-56, 1992.

saki, “A frequency domain hypothesis for human pos-

ﬁ.‘%?li%

9&’4 &g "é‘ﬁ*?"%ﬂ——l "ri'"E% %i‘]?bmi} GP“ Z o] A, ?P‘Jﬁi’}% 75
X}ﬂlﬁﬁéiﬂ%%}ﬂ*l/“@ﬂl 288l0] 1 Haye zabslalrt ,
285} e Ant Gl Al strip Az Rle] thE Alzkaha o) el o)
+= Zelgirh ﬂf*‘ﬂ HMQ?} AE L 1}‘11??33%%3"}/‘*%"@44 °”z~}?‘3f 2 elgsid
*r?dﬂ} ' . -

—425—



