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Development of a Somatosensory Stimulation System for the
Improvement of Postural Stability

fo,es e e LERANRLLE T
(Mi Yu, Hye-In Eun, Yong-Jun Piao, Dong-Wook Kim, Tae-Kyu Kwon, and Nam-Gyun Kim)

Abstract : This paper proposes a somatosensory stimulation system for the improvement of postural stability using vibration as
somatosensory stimulation. This system consists of vibratory stimulation and postural response measurement. To evaluate this
system, the center of pressure(COP) was closely observed in tum with simultaneous or separate mechanical vibratory
stimulations to flexor ankle muscles (tibialis anterior, triceps surae) and two plantar zones on both feet while standing on a
stable and an unstable support. The simultaneous vibratory stimulations cleared influenced postural stability and the effects of
vibrations were higher with the unstable support. In separate vibratory stimulations, the extent of the COP sway reduced when
the direction of the vibratory stimulations and that of the inclination of body coincided for flexor ankle muscle stimulations. In
the contrary, the extent of the COP sway increased when the direction of the stimulations and that of body inclination
coincided for plantar zone stimulations. These results can be useful for the development of rehabilitation systems that utilizes

somatosensory inputs for postural balance.

Keywonds : somatosensory stimulation, postural stability, vibration, unstable support

L M2

A eHA(stability)o] & F7F FG WellA AAS FF
(balance) Z-& 1419} H & (equlibrium)& FABR= Tl
[(1,2]. AR A 73 HAFY A EEF FlA
AR o] BA F4E FASHE FEHoR Ao, AAzd
2 7AAARY} 59 As 7Y FolA] o|FAZIth of&
APy} A9 712 AL ¥ 1, 22, HY
29 22 58 FPsp) f3 FHoth € &N,
A= 5L 317 sl A4S nAAAE B AJA F
9lo] APAQ YAE N\%E sl €S Ao
e $AYS HF3Foz FAF 5 Uk At AHE
23] YEiNE Az, ARRL, Ao zNEH 94y
H AR F20AANS SFH AHEE F AAS wE
A 2AL FEAYE FRS P8 3] ol bE &

52 AlE FHAY, volrt Bl uieh ksl o] AA|
ZAd| Bgshe Aladld ofstE 77 E=E FA8% A
HE AFE Aotk ofstd A4 2ELE BRG] B
2 o] 913 7RI, ol3d 98 AAE A
A N5 e opIF £% Aok 2HBE A HFA
< ZAANN7] FeiMe AARE Bose ZFAE T

* 2 o) 2] 2 Corresponding Author)

=80 2007, 5. 15, AdEA ¢ 2007. 8. 3.

S w, Mg AntEE o eAFe

(yumi@chonbuk.ac. kr/yjpiao@chonbuk.ac.kr)

L3o] : AR stn A2 F)o]-gehye in@chonbuk.ackr)

AES, AU, AET - AT YAPRFEF-

(biomed@chonbuk.ac kr/kwon10@chonbuk. ac.kr/ngkim@chonbuk.ac.kr)

o] =FE 2007d A(EHAEAYF)Y APez d=dte
FAde A4 ol SR ATUARATFANTEAA
sy zA 7 AT D).

NAE F} o] BAE T ANRZ AEAFE AAS
of A HEAY TR EXE F A s =9
=S Jih

ARAAAT A Fdtactile)}t 83K (proprio
ceptive) 0.2 U, o] F 742 ¢4, A5HAR IA
o Eg4 AFE /S o F4 58704 o8 =A
A= 7Aztolt)y. £7+e] F8L ML MEHEN e
o} 43l &7}o] om, 715 244y, A 27|} B
BE Agsie 715 JPesRH JAE A7 e
q71% = Qi A3l sl Baske ZlEe] At 3
FFEALe DRFEINEEE EARVIHERE S0
ARE B3 2§, A, o) FAY B33 B T
A, £ | 1 5 A= FRE AT
b Aok 2fERels AR, &F, 45
tzbo] Sl ol FAEe] 45 I A FRH
A, 5o g 24 FRE Hol| WLl Aok ALF
54775 224 AAEE 2] FA 9 U I3
1 AL P

ANBAAZE AFAA AA FB47%e] FABAE
ke ATE F, Cravelle[6]52 IS A9 &
Aol A7 AFeR A7) AFE A7k AT
A2 B0, Dickstein[7]15S 9%y} 0E% )
o] uiEZo} A7) AFE st A HPRAA 2
Al R ZAE dFEAT 2 ol-F Wl A=
< HEAolel EAIFe] glo] Alofo] wETHE]. AT
AZ ASAA A AR FBAAE BHse E
te d7EL 28 i QUtE JAFASE o8Itk
Lekhel[9]2 4¥AE7E & &, 2% 255 A=Y 4
H 7G4 B A 2HE 9T olg ITHe2ZY IF

ol ofr o rlo
to

A



844

84 72t 48 7198 AFged, & 2% dEd
Fo2 ¥ 73 A Ju dAe JF5HAY 289 &
=Y Wikl wel MA7 BB RS HA A E
=8 w3 F4-55I(sternocleidomastoid muscle)s} 71}
u](soleus muscle)] 2EL. dofdth o] AL A =

BAdA AQYRAAY d¥EoZ JF A=) FF 7
HBAA L A FaF IFE dvhe AL PP =
ks Ivanenko[10]91 Al Ne AYAAZ 9}% @7
250 ATAFE ANEIE W, =5 AT AH }Z]' A
o o&g 3144— FEEs 3o EE, ‘5{} A%
st HHPHL =F FEo] JAED Aol 577]7] A
Ashs e AT =/)A Rt G Aol i)
Mz Q7re] BERL 2d TS AEY TS TE T
Arkar sHATHILL

ot 99 2L ol Agtete] & AJAElE thgFe F
A2 A=ste] Yt AARAAE BATAA AA
e FET F e A=dE AL =T o] A4
% ‘Z]r AT A2EE B A S B SEiA

Begdt 24§ F AT A=Y | 9Jr A= 591

Z COP(Center of Pressure, &F4)) HE-S SH3td =

= &A9E B4 n@sok

rln

IL A28 74
NEEe ARRAAY F43 nRFAGE A=
1 ]% A% AZFAA R AE 2AFoE FTE AA &
el PFE FAs) A AATE FAFR TSk

*HET AT A3 A2 ARk ok
78 1 FZo] AN AMTEA vXe FETFS Lo}
87) 9159 YR Nade) SSAEES Uehim ok

ARZAALY AFE A3 AT AAR g oA

H@Ae] CcoPg sy A% AR FAH]

esusodl AERHE ¥R AFAT AN AL

A H3¥xte] corE =337 93 Hwa Borgdg

ol &3I4tk 2+ AX oA @A E AEE FFHH NIAL

2] PCI-6024E DAQ BEE Edla] AFHO Y3l =74

Esisd

1. DSA= HMAIF
a9 2% A Y F0E 9B AFAT ANRE

ez gk 8/e] AFaRK10g, a diameter of lem,

JHV-10A1, JAHWA ELECTRONICS Co)E 9 ute] wZw

Buo) TERERAS 42477 Aske] wE 289 4

AL Ggsls AAZTibialis Anterior, TA)T} 18 A%

S(Triceps Surae, TS) 29]o] Z7he 4217)7] sk

who] dbujel Z9KRight Plantar zone, RP, Left Plantar zone,

LP)e] 5 3o] Rk
a9 32 ATAT ANE AT NIALS] LabVIEW 8.0&

olgste] Y AZEgololth WE 248 77t Aol

& g AoRst A, ReME s A% A

tt27] i AFe Z7|E 2B F e 2ERE 4

B E4 AF AN 2RE AolY + glom Wae

52 300Hzo A ADTH 3t] AF Ax2 ARSIATHI2]

MOl - XS5 - AAEIZS =2X H 13 2, M 9 & 2007. 9

Device initialization

i
Safoct vihration mode
~ Camsskucwidte nofie gl

Visual cue

or
Non visual cue

Co-stimulation
Tibialis Anterior
Triceps swrac
Right planter zone
{_Leftplantar zone

with vibrator

Stimuli of vibrator device |
[ Stable or Unstable platform ] b

Measured COP sway i EHL>
<National Instruments>
! .PCL6024E DAQ Board
27 1 ASAT AASH AT wg 2 Axde] B2

AL

Fig. 1. Blockdiagram of system for vibratory stimulation and

postural response measurement.

Two plantar zones

Tricéés surae
@ (b) ©
9 2. AEAAE B39 38 B3, () AF S (b) Tt
o (o) SRS
Fig. 2. Vibrating elements on ankle support. (a) One on the Tibilis
(b) One on the Triceps Surae (c) Two unter the sole of the
foot.

39 3. A5 AN AZES o)
Fig. 3. Software for vibratory stimulation.

2. MMlnE 8 5857
A% AAel W& COPE ZH3la B4 3k o
Ao 2=4(load cel)E AXZ FAE WO, 27]9
7137] AAlt sensor)7} X9 EPEBE 19 394A
g olgstyick g Hrle 7IE 600mm, AE 400mm,
EFol sommojth Eebgwe] Arje Aol 550mm, Hlej 390

i



Journal of Control, Automation and Systems Engineering Vol. 13, No. 9, September 2007 845

mmZ Asgon ol 130mm, FE W3S 200mmo)tt.
Bebguwel oF Hul 71€7] A=E 28°%0|3 9 A
71%7] Z=E 1ol 2uAds) 7187 Aol dHE
Ase $F% YIS AR F AlYd EE(serial por)E
E3lA NIALe] SCB68 dloje] 3] HEe] {Z%™ SCB
682 PIC-6024ES} BAl8lo] AZF3l4= 100Hz2 AD W%
st et Bkl wlolHyt dHEA ok

a9 5& Pelr COPE Tih= A& UL e
o (1), @° " COPE SATh 39 FAClFE
(weight shifye 50%% wie FHAYHE s0%xRTh A%
Zow Q8% Zo7 AL ovtt

600mm

Stable platform

. Comauler
Unstable platform

I8 4. A T8 w-S 98 S A28 Bobgw XA th ¢}
A A A .

Fig. 4. Hardware of measurement system for postural response:

unstable platform and stable platform.

29 5. Yol COP WF =73,
Fig. 5. Measurement of COP sway of the stable support.

o

D (Distance of COP movement)

Y 6. BRPERIA COP ¥T =4,
Fig. 6. Measurement of COP sway of the unstable support.

F o +F )—(FptF
COP _£[1+ ( z0 zy) ( 00 zy)} (1)
&€ 2 F;
COP, = 7[1+ o 6)
Fy+F)—(F,tF
weightshift=( ) F( 20 ”)xloo(%) €)

z

a7 62 ERFERAA #e] 71&Y] ARE FAS
COPE T3k dEE WERL glom @), (9l metA
COPE Z73kth Vxst Vye AMe) Ak @, RE &
eHgde] FENAEE, ST Ao RIPES ov)din

COF.= —s50% 5 @

COP_V;XZWXR s
v 360% S ©)
. Alg gk

okt XM =A
AT ¢Hy A9 Bt AAME VAR e
. AA AANE A8 g3AY EEold RUHE HAS
3, It AR A4l COPE B 4= JEE S50 =
Ye shade] AxEe 917 AAlEe 49 FAAel9
A7t 60mmE YAHIFEZ 27 704 A A T4
< D(center) T E-2HY AAI A, & 3}, $anterior, posterio
-, left, righyF ol X 20mme] HE Y& A sIGoH,
AXEEe w3k £AME FAREoR st oide] 4%
FHlU A0 W& skre] axE wiAlstaA sk 4
zte] Exuitt Azl 2419l COP HHE Yo FAld
STHRIEE 2o FAL o]TIES i, ¥ el B
Zb Folle 30% 3t COPE ¢ <ol HA3=F st <
7kl A eHAd H9i(limit of stability)E Q17to] AFzhe-
ododoz it glo] AUz 712d F A AxE LI,
A-F wgo g 125%)8, - JHOo2 16°0|tH13]. °]
W ATel HgA SAIE AERte] AAE 170emE kAl
% &S 10ecm 7HAo 2 WEn A AAE JIES ANe
o H-%, FH$ PFgo s 35° 7lgd FARBIES AT
ojmj B XF2A ¢ <olA COP ¥HF<] RMS(root mean
square) FtS HIIAEZ T3 H14]. COPrusi= COP W&
o] WAE sty o] FE A Faut AL ov

e
Q,

3o,
2. M8 z

& 2439 1458729 AT 29) et F
A2 UHo) Qs SR A oA gRpHsh
2T AME 3027 HASHE Ao dstack

A WA ARe FANT Psh RGP AF ¥
5 25 AZA7D AAie] S4) Be AL
ekl PRl B A W) 7h Z=Ae
2 WPre] Faskdh: (1) A2 BAg AEAFel A
A" W @) AZAH B} AEAT] ANFR @
() AZHY BAE ANHT AFAFE ANEA 4



846

Anterior

Path of
COP swa Target circle
60mm
Pt B =~ =10mm
Left —L 1 + s L 3, Right
\\-—’I ‘\~—o/’ \\--,l
2 IS
) )
\ 7
~l-

Posterior

g 7.COP £A] A9 A 5.
Fig. 7. Schematic drawing of combinative maintenance of COP.

o @) DAY dAe AAEHA ki AT AAE
g2 thro] COP %S &A%k

= AR Age ANGHY 24 glol JFL F4AF
2ol I8 T AT IS Wl AeAES A7t
3 3 okgabMI9L Bobgd AAolA 4V1A] 2o E U
of Fslgt. () AeAT glol T4, A, & 3 ¢ 9
Aol 3l =4 #A ) BE FAY IFAS AAEHEA
F4, A, F =, $ ddo) dial AA FA ) LHTEH
z} B9l AFoZ TASH TS 2ol Zbg AFgAt=ol AA
HuA F4, 4, F Gl dE A4 FA @) F4 79
AFo2 RPY} LP H-9lo)) 242t ZgAFo] AXNHEN F

A, A, % ool misl AA #AE W Lhro] COP W

& A9
A BT AA el A HA@A L 07l o]
F dgs, A9UAe] HEE AA sieH, 482 2
HpEo 2 FeERon Z £ Abeld] FAAZE 1F
AFUAT NPt A2E 348 B¢ F4E I
FES 7L F=F S

{Ext

A2 AFR] 2F A=l A g vAls 9
g dolry] 93te 200) A2 duicdAk 5W, kS
, Yol 2311358 tidoz A9E Igsiit. @A
& BT AR, Ag71H, A, 2244 32 24
olge] gl AR AEES WY E AT =& Y
A5 APHol frAleE Aol Hojdt Aol glon, 49 A
Aol B BE ALl st FEF 49 S

o %
ERZq

w ol
£

)

i of o2k

Iv. 231 3! 9

EAEA LS SPSS 12.0 versiong o] 8-3ted, A HA 23
e RE B9 AZAToT EX 99 HW3E A
Ne Ax, NAAFH AT AT AAl fFol wet
COP ¥Fe RMS#EHE T3t Au)A] BAHEA(G-way
ANOVA test)S AAI393, 5 ¥4 AoAe 28 s
AFow R 49 @y AR 7€7] Az =t
COP F9 RMSEHE F3fo olfujal BARAQ-way
ANOVA test)yS AAste A} ghe] #9448 g5ttt
EAH #od AAE A% p A2 005 e 2 FAT-

HO - Xtss - AAEZS =2X H 13 &, M 8 & 2007. 9

©with visual cue & without vibration stimuli
mwith visual cue & vibration stimuli
Dwithout visual cue & vibration stimuli

1 e - mwithout visual cue & with vibration stimuli

COP RMS (cm)

CENTER ANTERIOR POSTERIOR RIGHT LEFT

Target direction

(a) COPrvs data on stable support

™ with visual cue & without vibration stimuli
W with visual cue & vibraion simui
Qwithout visual cue &vibration stmuli*

@ without isual cue & with vibration stimuli

08

135}

COP RMS (¢m)

04

02 beiy| LR

CENTER ANTERIOR POSTERIOR RIGHT LEFT

Target direction

(a) COPgrvs data on unstable support

79 8. BX o) Wl whel vl 7HA] 233914 2] COPrus Bl
o] €.
Fig. 8.COPpys data in four condition according to target

direction.

1. £2{0 1R-8U2 SA IS XF FA
2¥ 9 QN COPusE SFYBT BTN A2

A2 A% AZAA {F G2 ¥l 7k 2 24
Stk 17 82 ohEuT B HAlA EF d9] W
wel COPE XA & W, ANAXNTH E73t niTs
77t B4 AF AT AN AT G 11 4Y =
Al A COPrvs Hlo]E O]t

YT A Gt e} BT AAE Bx Y ol
A COPE ARSI & ), HdA Ao BegE A<
A COPams® Bl R, HFAMAlIA COPrus7t ZSATH
(Faa00 = 6266.296, p=0.001). A|ZA}=3 G AA F
2o BE ZANNE AARZH AFAT| o] AN
) COPuwts 71 ARtor, AzASs AFATo] 2ol
ANFHA ke W 7 FHok AGAREed AEAS0
AAE o] 2He H&g FRE B rHvibration: Fiao =
94.017, p=0.001, visual: Fj40=64.236, p=0.001, vibration x
visual: Fiu0=7.875, p=0.042). 2% o} W&k Aldx=34
AFAT 470 HE AoE FI3A ebgktvibration x
visual x target direction: Fsag=1.110, p=0.353).

2w HollA A} BEEE AHE FE 4
ekl A COPE X3k Y-S o, SFgApAh B3 =}



Journal of Control, Automation and Systems Engineering Vol. 13, No. 9, September 2007 847

AelA COPrmsE WIS RH, SHALA oA COPrus7t 2t
Al VR THFaa0 = 1863494, p=0.001). AZAZ3 AFA}
F AA FF BE 2hME AAREH AFAS
Zo] AAE W COPrws= 7HE Agto™, A= 2E
o] 2ol AAIHA] gksks o 71 A Yebgth Al
AFol AEATO] o= & AT AAE We) 2Ae
=3 $£XE HYrHvibration: Flap=119.833, p=0.001
visual:  Fj00=77.066, p=0.001, vibration x visual: Fj400=
8285, p=0.004). 7} Ex o] Wika APxH T
AT EQge] vlwe FelAe] COPrvs7t T 2%
on, BE {9 W AZAITH ABAL §50 Ge
A= 93K ZtHvibration x visual x target direction:
Faao= 1.110, p=0.353).

2 B8 9] WA AFAT H59 APxHIA
Pt B Relx COPrws Hlale Pl 2] COPrus
7} o FA Ve THeenter: Fie0 = 8.452, p=0.003, anterior:
Fi100=6.297, p=0.014, posterior: Flyi5=4311, p=0.041,
right: Fi160=4.628, p=0.035, left: F160=18.501, p=0.001).

COPuss WAAS] FAZHC] FLF WAS Fabu,
grel At A Aol B Se@h COPus HF
A AFAFE AABA FkE R AFAEE A4
d9e o o HHE AN B AE sigen, AFRS
o] ANHAE W AL E H PgHom FHSTh ol
£ gl Bage dsz A5 W W A5
o] DA WheET I tjejEo] 20HZ40HeR HE B
Aol whgake TA(pecing E258719} 2RFe] T
AR AR 2 LT 75 (primary afferent)?} 28}
o 242 &7 1§83 J=Y o an st
AA A Ao] T B0l He AE ¢ F UMk

oyl Aol A FEIoFT L W Hot Bt
A AR AF AFo2 I3 COPrus®] FHAE0]
o 1Y HolthA1zA=0] AAE #h Fiisn=80.562, p=
0.001, AlZkAtZo] AAIEA] L&A Wl Fiiee=27913, p=
0.001). ol olFe] Ax|we] HAlsh BAF T
AT Z¥et dAc) Ivanenko[ 151 o2 #2733
o450 2Fol e 5% FH-f, HHE ESTI
& B AAY Yol AA Fae 7AE FHIHA
t}. Gurfinkel[l6] 9A] &$-2 EE5E|v B8 AR
A AR dE 2T VME IEeE AT
857 FolEE RS U

FFF AR AN ZFAEL | AEGAE ARE
o BAA FHAHD A AX} oK B Foll &
3 AEE o)lgsly YFE AXE AustA EARICE AA
o] W Q(translation)ol] th A7zt vHg-2 AlZtol o3
FREE AET 9 wEr] gEgd dFAEL AR
Hesol #go] A W <A EEHE -] f8 A
AAs F2 A4972F 48] &t AABIAS 719
A AAWe] EEE w ZHH ZFo] AR AL

AN A 259 A dES goFloFn AY
EYe A olu A Alole] BEE 257 Ut

A ot B

T

O Stable support
S Unstable support |-
€
e
1]
=
o
o
[e]
[&]
Non All vibration TA vibration TS vibration
vibration
(2) COPrus data in anterior target direction
12
0 Stable support
O ® Unstable support |-
E 08 -
L
2] .
= 06
o
o
O 04 |-
O
02
0 =
Non Allvibration TA vibration TS vibration
vibration

(b) COPrys data in posterior target direction

2% 9. B} BTN TRFEHD AT 2ol ot
£ COPgys Y] EL.

Fig. 9. COPrys data according to the region of proprioceptive
stimuli on a stable and an unstable support.

o JAgATE FE AL 7IE AAY Mg dodie
F71HQ ARAE S bAeh AA Ao AlxHldl] JE
=g AASHE EPEF AAHAA A g4l &
H7t o ZA F7HATE o)Re AFeE frE 74 A
7 BEo] BeE AR FujdlA o #4stds o
goh 2Eu A AR A A7 Adtiids 54 el
AgA37 A5 A AP N %L B + |3
o 54 w3 AT A5 AA PAde] '3

% 9 F WA AFA A Bbgw ol A,
3 gelom BAT AAE HAdE U AFATol
ge W, BE R AEAIFL ANG W 23 1HF
$207 AF 22 AAF2TAG SAFLF2I 7
7 REATE AANNGL W) COP WFe WAL et
W e zolk

A QolN BIAY ANE 4R B PBIA
AEAFE 71 &g W B} A5E S
W] COPevs Fkol T 2pa1, AAEZTZ2o) A8 AVl8tRE
g A A& k& el cksupport: Fiig =5.142, p=
0.026, vibration region: Fj0=38.544, p=0.001, support x
vibration region: F3160=20.710, p=0.001).



848
T FYdM B AHE FAskE e FHelA
AEATE QA Agke W Bo AFE DiGE
w2} COPrvs ko] T 23, SlEAF2ol A5S A7lskid
= o AL 2 %E HKsupport: Fiie=10.011, p=
0.002, vibration region: Fs 60 =32.358, p=0.001, support X
vibration region: F e =4.269, p=0.008).
AR A5 U2 2E JASSY AAIIH
e T JF A5E UK o, JAFAF] o
<o WA BAT AN AA AR
"ok o]e A=o] WriEE 9 A LIRS
A5ol Wi et 25 FEFS v"r%}’é‘}‘ﬂ AREZS
A58 de A Fe A} g, FENTES
=T e F BEez WA} 71EA "ok ole oA
g AHAA B2 AW 2] DEAZE <ol
T8 ANTFE 2EAT ZAF9) RStk Ivanenko[17]E
R Aol AFAFoR AABAH oldslx 7 ¥
£ gz AFFoTH B2 AW 2 A2 H9ls) e
o] AA Wk $ Alole] AL Hole AL WA
£7} REXT HA|
AR 108 % AP0 des gt Aol

d

# 3 9oz $4T AIS Ak U DA
of g W, RE R AEAIE ANG W, LA
A7t AT HAE 0E® WHHRT JZUILR]
742 $RAZE AANNFE W COP WES WA 1}
CRIECEDEY

4 ool BARE AT AAE T Aol

ABATE WA ake W mok 4TS Wiskge
¢l COPRMS gte]l o Zka, Q2% dhlete] 258 17}
S W AL A2 gZ UEbARTsupport: Fiie =20.458,
p=0.001, vibration region: F3i60=31.413, p=0.001, support X
vibration region: Fs e =29.673, p=0.001).

GG BPPY AAE FAGE B YR
ABATE WA wgke W et A3 AR
] COPRMS gho] ©f 21, 9% gl A5-& 1713}
& o AY L e EFPHsupport: Fiie0=24.174, p=
0.001, vibration region: Fs60=20.148, p=0.001, support X
vibration region: F316 =3.702, p=0.015).

2} A5 F9E LEE gy 9% g %
AFE Q7hg W, Ao ks weiee] W) W
EQFEE AAlolA A S FrREA ok o) &
Bl Asle] X3 hx]u] AA|(pacinian corpuscle)7} 2
AT o8 wgske A%, AW Dol WA
(extensor thrust reflex\)E B33th X LA 726
£ e $5A4 AP wEe ouw 2%
S5} A9 ARG EAs] Buige] AFATE A7t
A =5 HEe £ dEE #HA He A v
(placing reflex)E WOt melA 92 wwiete] ATAS
& ANE AR 4T WIS A Ll AEAS
sl 8% cel} Adg met A7} eeses

0
o
& = ANE B

N

A

=

Ho oe% weTel A

RO - KS3t - AlAmzSt

1

SX M 13 &, M9 & 2007. 9

0 Stable support :
1 S Unstable support |
T 08 [
L
[2]
2 086
[
% 04 |-
(&)
02
g U
Non Allvibration RP vibration LP vibration
vibration
(a) COPpvs data in left target direction
12
0 Stable support
1 Unstable support |-
T 08 |-
e
D 06 Lo AN, NN NN----
=
o
% 04 4 NN Nl N
(&)
02 F4 ANt AN RN
g L .

Non All vibration RP vibration LP vibration

vibration

(b) COPpus data in right target direction

7Y 10,9 Bekml &7 AT B9l we
COPgyss H] 0] E.
Fig. 10. COPrys data according to the region of tactile stimuli on

a stable and an unstable support.

vl 38 zleth ole olde] g ApAlolA uld
AFAFE UMt A7 AMTE 2HAT 2k o
g}, Kavounoudias F(18]& Hg AAlo|A RgAI=Fo g
bl M oMER], JEA|, LEWH A H9E wE A
Sz ool A AT Heje} x4 vk &H Ao
off Wit WEke] B3 Hole AL ok

V. &
B A2ge s 35 3l 259 AdA
ST DH-ERAE AT AE AFAAR-9}
s AFez f=d AA B dFE FH3) 9
g AATE FAFE A MRS AR AF A
2RI RS o] A A= AlzEe] ZA HF
Aol g dFE B A3l BEAAE AAE =
T s A= e A5 F96 BE COPrisE Z73
sl ARG A ZHE BN oo 2L BES
ATk
CRABAFE o187 AR ASS AXEA EkE )
Hot AXSHAE o o A4 S R 5 Yok
PR A MET 2 ARl DEAFL
= A A5e A7HIRE W COPrus &l T
A vehga, ol AsAFeE GxE A A

My rh

o o

i

It

—_

N



Journal of Control, Automation and Systems Engineering Vol. 13, No. 9, September 2007 849

S0 BHRY AW FehelA o BB 44
B39 B3} B 20 F7HHE) W)tk
F802 AT F92 B2 AW 252 AFAEL
9, ABATE WA 2 9 WFoT B A
2 AAE + UL F4 AF 22 wias 2
2592 A% ABATS WS wureel w3

o2 BAY AAZ FAT ) A AN FuY &

A3k

oA A7 Ane ATAZE 8% AU AFoR
A FPHE HBF 5 Yo, AYE AT 299
o} A TS FRE S JE FHIY 540 U
< @3}

B
2 ool B2 o

1]

ret

Z

(1] D. H. Jeong and H. C. Kwom, “A study on control of
posture and balance,” The Jowrnal of korean society of
Physical therapy, vol 11, no. 3, pp. 23-36, 1999.

[2]1 F. B. Horak and J. M. Macpherson, Postural orientation
and equilibrium. In Handbook of Physiology, section 1,
Exercise: Regulation and Integration of Multiple Systems,
Oxford University Press, New York, pp. 255-292, 1996.

[31 T. Mergner and T. Rosemeier, “Interaction of vestibular,
somatosensory and visual signals for postural control and
motion perception under terrestrial and microgravity
conditions: a conceptual model,” Brain Research Review
vol. 28, pp. 118-135, 1998.

[4] S. C. Gandevia, “Kinesthesia: roles for afferent signals

Handbook of Physiology.

of Multiple
Systems,” Bethesda, MD: Am. Physiol. Soc., sect. vol.
12, pp. 128-172, 1996.

[5] F. Hlavacka, T. Mergner, and M. Krizkova, “Control of
the body vertical

and motor commands. In:

Exercise. Regulation and Integration

by wvestibular and proprioceptive
inputs,” Brain Research Bulletin, vol. 40, pp. 431434,
1996.

[6] D. C. Gravelle, C. A. Laughton, N. T. Dhruv, K. D.
Datdare, J. B. Niemi, L. A. Lipsitz, and J. J. Collins,
Noise-enhanced  balance adults,”
Neuroreport, vol. 13, no. 15, pp. 1853-1856, October
2002.

[71 R. Dickstein, Y. Laufer, and M. Katz, “TENS to the
posterior aspect of the legs decreases postural sway

control in older

during stance,” Neuroscience letters, vol. 393, pp. 51-55.
2006.

(8]

[10]

(11]

[12]

(13]

[14]

(15]

[16]

(17]

(18]

C. Mauter, T. Mergner, B. Bolha, and F. Hlavacka,
“Human balance control during cutaneous stimulation of
the plantar soles,” Newroscience letters, vol. 302, pp.
45-48, 2001.

H. Lekhel, K. E. Popov, D. Anastasopoulos, A.
Bronstein, K. Bhatia, C. D. Marsden, and M. Gresty,
“Postural responses to vibration of neck muscles in
patients with idiopathic Torticollis,” Brain, vol. 119, pp.
101-109, 1997.

Y. P. Ivanenko, R. Grasso, and F. Lacquaniti, “Neck
muscle vibration makes walking humans accelerate in the
direction of gaze,” J Physiol, vol. 525, pp. 803-814,
2000.

A. Priplata, J. Niemi, M. Salen, J. Harry, L. A. Lipsitz,
and J. J. Collins, ‘“Noise-Enhanced Human Balance
Control,” Physical Review Letters, vol. 89, no. 23, pp.
1-4, 2002.

J. I. Collins, A. A. Priplata, D. C. Gravelle, J. Niemi, J.
Harry, and L. A. Lipsitz, “Noise-Enhanced Human
Sensorimotor Function,” [EEE Engineering in Medicine
and Biology Magazine, March-April 2003.

R. P. Tien, G. J. Felsberg, and J. Macfall, “Fast
spin-echo high-resolution MR imaging of the inner ear,”
AJR Am. J. Roentrgenal, vol. 159, pp. 395-398, 1992.

L. Rocchi, L. Chiari, and A. Cappello, “Feature selection
of stabilometric parameters based on principal component
analysis,” Medical & Biological Engineering & Comput-
ing, vol. 42, pp. 71-79, 2004.

Y. P. Ivanenko, V. L. Talis, and O. V. Kazennikov,
“Support stability influences postural responses to muscle
vibration in humans,” FEwr. J. Newrosci, vol. 11, pp.
647-654, 1999.

V. S. Gurfinkel, T. B. Kireeva, and Y. S. Levik, “Effect
of postural muscle vibration on equilibrium maintenance
in the frontal plane at various levels of stability,”
Human Physiology, Vol. 22, pp. 83-92, 1996.

Y. P. Ivanenko, R. Grasso, and F. Lacquaniti, “Influence
of Leg Muscle Vibration on Human Walking,” J
Newrophysiol, vol. 84, pp. 1737-1747, 2000.

A. Kavounoudias, J. C. Gilhodes, R. Roll, and J. P.
Roll, “From balance regulation to body orientation: two
goals for muscle proprioceptive information processing?,”
Exp Brain Res., vol. 124, pp. 80-88, 1999.



850

w0

2003 AEY AAAEFEE 4.
20058 5 sty AL 20059~ A
T UE urapy. gAgoks 97t
74 AT F QA 9%g @ 2w,

o
€428

A

1993 I3 7|AFsHY &9 1995
d ek AL 19999 QR FE
it ZIAIRAE S gAL 20043~ A)
A w  AAGRFEH
Aok Hlo|uFlEEY 2 g )

33t

- SnAa

HO - Kis3t - AlAEEZS =2X ® 13 &, Kl 9 & 2007. 9

A A|2H,

& el

20063 AR WAARZHER 9.
20053~8A) & i Al B4l
wole 597 A3 & AAMwd
S5

rlo

252

1988\ &4 7|AFst= £, 1990
W ek AAL 1992d gE
Hokkaido the} MA|g3}a Ak 1995
| F ik HRAh 200013~2006' <=
Fggsty AR FTIE
2006 3~AA) ARSI AAPRE S

groke AT 2 PARRFY

Ay

2z

1981 AEY 71ATEH &Y. 1983
d 5 sk AAL 19879 s &
Egtanag thE ual 1988E~AA)
HENSw oAt skt A-w
. 1998I~AA ARt YAHE

TR W BARCHE WEYZ ©



