Measurement of standing balance ability by a
wire driven parallel mechanism
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Abstract

Falls are a major reason for elderly people to require nursing care. Prevention of falls requires evaluation of standing balance
ability of human. Thus various measurements were performed and the relation between the results and occurrence of falls
was considered. Although these measurements were mainly done under stable upright posture, the measurements of balance
ability should be done under near falling. However, from a viewpoint of safety of subjects, the occurrences of falls which may
inflict damage on them must be avoided during the measurements. This study, thus, develops a device that can measure
standing balance of subjects until falls. The device consists of a three degree of freedom (3DOF) wire driven parallel
mechanism, the output link of which is attached to a subject. The device can control 3DOF rotational motion of the output
link by wires. Each wire has strain-gages to detect the forces applied to the output link and judge the falling moment.
Furthermore, a force-plate is set on the base to measure the center of pressure (COP) of a subject. The device can guide
subjects in specified direction at the measurement and support them safely at falling. We measured the COP at the fall
moment and the body sways on tilting posture by the proposed device. As a result, it is found that the differences between
subjects become clearer as their postures tilt closer to fall moment.
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i OWENC L 2 EITITEVEE TELTRY (ZF, 1999), ELTRENEIINW-D FER L 2>TND
(BAF8E, 2010). 2T, b FOEEO LT I AHET 272012, ST o ARBINCEET 2ECHw T
NEEITON TG, BT, HEfiE EoEEF L (center of pressure: COP) DNLEDZAIZ K 5 EOEFEICE L
T, A, PR 722 BN X HFER, B 04T L ORSE ()11, 1999; 4 A, 2005; AT, 2000; Kouzaki and Masani,
2012; /IMFEfih, 2010), & HIZ, BT /VE WIS S 4TV %  (Bottaro, et al., 2005; Freitas, et al., 2009).
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REIT P 2 R D72 O 0t 70 E 2 U HIERICHH L QO DIREETIER L, NT U RAEK ) ERIOIREE
EDEFREV. AT CRZET D80 % X0 RRICHEET 5121, T A Z R TR 5O CoP
ONER EZA LN, ZOMEAZERFEMICL AL ERFTT D2 ENMEE LN EEZOND. Fio, FEREIC
HRfE D LG &1, EEMER N2 R CTOSINIANT o ZRESDS, L0 BhET 5 Z LB ST\ 5 Ok
Ff, 2000). L2L, B hORT U RRENORIEITHWTIE, #RE ZiRE S A S5 2 & 3T 72T
U2 B2, NT U R %S TLE ) BT COREITSARIEICEA L TE & A E1ThbitTn7eu.
OIS, EADIREE CIEEIIW 2 D ETONRT U ABENNRITE AIRE/ @& 2, /3T LV U A YEREE %
FAWTBEZE L (L&A, 2010), #BRE DL EMel Ui SEAEIAA U0V VBN B ERHIERTRETH 5 Z
EEMER LT, NT LT A YEREERSIL Y A ¥ CHIIEI 2 BREN T 5 7o o RTERS 2/ M - B L TE, o, X
WMEEAT D2 LD AMRIZES LoV, £, VA VIESR EORIEIC L0 BERE ORE 23 oM T
X5, FIT, KHSTTHIEMREZ AV, BARKEEIZH, K0 EREIDVE Do WSAnIREE T, IV -5 F
TONT AN RAEITEREREEZFUEL, 2 E CHREECH - - 9RE T v 2% 2K 5 Bl > COP
DOALESRS, LR S BT R TOELEEZHE LT, ZE LIZESREETOR RS L, DA
PERETT 5.

72k, AFwSCTHEM DHEIEICE L TSR FEHMIEZ RSO 2011 4F 2 A 16 RITAREF TN 5.

2. MPINTS U RBENRAEEE

SN T ARSI TEREE OB A X 1IR T, FEEOTFEICIE, K 2187 3 BHHE T LD A iR
B (7, 2010) Z W5, FEFEREIE 3 B R OERGHE 2/ L T Tl 2 ko i hEi &2 4 Koo
A Y O CEERE 0 ICEHRCE 5. MBI ARZSHFT 20 A — ML LTHWS. 94 vidK2o L8
0 HDER B Jo; (F1~ANTERE L, Jg,(i=1~4)ICHLE LT T — % TR & 2+ 5.

HIERF OSSR 8 2R T20, N—RIITERRHBO LA T &3 D #IEEE R O-XYZ %, Y R— hE 5
BN L EIT A P & T DBNEIER Pax,y,z, 2 X 2 IR LBV T D, AR — MBORENL, X, ¥
BLOZEEY ONAICEERT 2850 o, fREDy TET. 7od, YIIEBNCBWTYX, ¥, ZililBEERD
Xpy Vpr DT ANTIENENF—E L, o, BBV yEFELTD.

WL COMED~HEZ X 2 hOFLEE HWE LITRT. Jg,(=1~4)I2i, ACH—RE—% (ZE)IIF5%
TS4609, EFE Fv7 264Nm) ZEET 5. MEIOERAFEPIL, o f y=220deg &3 5. ZHBITMRAT
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PE (B 1800 mm LAF, {AH 85.0kg LATF) DG ZRiHR-ICHE L=,

T LV A Y EREERE O DN IZH RO AR — MRAZ I 1), #RE OME v 1238575, R — b
ERIZIZ 1 D X 5 7200 b FE IR DO AN 2 Z AN D, HIERHHERE NN T o A ko 2B TR — b
S CHERE DR R R LR AR T 5.

KIA XL, OFT R =T %00 1T 72 LkN £ CORDBUERTREREGRIO 7 L— N &89 5. s
DRICITIFIYE L T2 7 A — AT L— FEAFRE L COP ZWETH. 74 —A 7 L— ML, —UDOE ) 350mm D
EAFRTHY, 71— Lo 8EFTOMEMEZNEL, BHONHEEREND, H 50 UORIEFER X #8758
B Lo C, XY EHEIC/ERT 2988 OEE %S 1.0N, COP ONLE % 1.0 mm O RAE CHIET 5.

74— A7 L— b R, LR & ITHRIREEIE SR O XY p iR iE L, #iiRFE  COP DALE AR . 7285,
[REERE R DIF A Opld 7 A —A 7 L— hOHFULT, YAl Yihe —% L CThY, 50 & O DX 230 mm
ThD.

7k, W ORAEIRL 1AL LTE, MY TTROMEEEN N TH Y, STl CICHW A Tn
% (FEBFMt, 2009). [FHEE L LT, /X7 LLT A YEREWEEIXH IO LSBHIE O, £2TOUA YIH
RN ZER ST TR MERD L T20WOBES T, F£i2, #HRE OB |06 U CHENICH KOV R—
M THHHNEZBEI S TS Z LIFREETH S 2 Lns, BT & TORBEIRLIEEE & U CXE L TR
W L, ARRSCCEMT DNNLNT L ARENORIETIE, WEREORB AT R L, HHMEORE IR
EITHZLHANELTEY, MY FFRGMEE 2 HIRORFHCHWZGE1E, BBOfRRSe, £z, #@E o0
A BRI D 2EE OB LETHD Z LD, FERMICEB RN REULT D REERH 5. s
KL, T LU A YEREWEEZ OISR, BBORRE, BREEZRI VRSB EREFT 5 2 808, DLETikR7=
EBVITZ D720, EEEKO/NULPI IR TX 5.

3. BEHiy (COP) MDRIEHE

3:1 COP mIEhis

LTI, PR DS R IESTADIREE TH R A SE AT T VR BT/ 72 HIRA A BRI & FEOY,
HREIPR AU D £ T COP 2B EN il HE/ 24 COP mldEhlk &b 4%, S ChR~_7=X 918, LT HHEEILY
KRR S B ARLERRRE COELEFEOHEN BDO—2>THDH. LTI, HERIATRER KB ORI 2 5
BIZMDZ LIFEECTHY, COPAENRIIZO-DICHEFHATHS. £z, TORTEMENS, WRED/NT 2
HENOFME L ATRECTH D E B2 DND. JERITERENC L 5 AR E AT, WE OB AR5 % X
(LS5 Z EIIREECTH 7203, AEEBEZHOIUIENNFIREE 725, LT T, #RE ORI T CoP
ORTEMD S COP mlEME A KD, Z ORI EMETT 5.

32 EBEOEERE

TEREE 2258 U 7= 95 o 1w 3 L OV 2 B DRk % X 3@)3 L0 R, HaR— MBilE~ v hATh
. HERICIEN 4 1ORT X O IR E OYIIIEB CONLBALE AT T 5. £7, K4@D LBV, WHRED
s KOV & 5 SRS Z 0 S LRI TATIC /2 D K DI INIEEA % & 0, BB O TR IS, KERE o Kilin 7,
< 55 L0 20 mm BT ONLE 2855 LT RIS Z 3 & PATIC D X 92T 5. Zih & gl 15w £ COMEEHT
#180mm &3 5. WIT, I 40T RT K DI, HIR ORI ZIEOWNMIOEERZ BB X F YEI T & L,
X 4(b)iZ XY Vil E~OFETRT LIS, DR E TOMEE L [mm] &, <25 RedimE To
BEEE L, [m]ZRETD. ZHODELY, <B5LBFHR LIEALE E 725 K O IZHE O B HERE O RILDiR
Bt LOfEE RS 5.

72, B ADIIRT K DI, Wi SRR I D HRE O R [ ONE L, /35 D)2 & LImm]ds K OVENE Ly[mm]
ZEEL, REBEHE AT B, WTIhoEREIZBWTCHIEFEE 25 X5 ICRTHRET 5.

L, =L, 2L, 1)
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mp, AREEROMBEIT YIS E TS, S6IC, HACIIRT L OIS, FREFHIRIT 2 ROHEHIE
(X, 5 2 4Rt & AR A RS SEMRDS Yl L TR D & D ITERIET .

3-3 BIEAE

Mmiﬁ%%i@ﬁ%iﬁ% EZ XU FTDOFIETITo 7%,

(1) ZEEZPIIEE L U CHERE OS2 AR — Mo~ L & CHTe. #ERE 1L 3-2Hi Cll 7 BELEE L § 5.
(2 VA= ME ORI ERER, EEAZBESE T COP ORIEEBIET D, WEREIE, HENYR— B

IZSNDRREICEE ORI L, FEAER STV, 270, B30T E B oEiz Ty, 2R
& EEITENSIER AR L DTt 5.

(3) WeBrE L, SALREEZ RS Z L NRATREL 72 0 NT o R % o BRI YR — M E R AFET. EE T
WEBRE DINT L AR TR R D AR — FERIZE U o T2 L DT A YR DO E RIS 5 & R 3R~ —

N OBEWERAZ I L, YHIEENEIRT 5.

BEBRE O E RO IR 3R T B0 TH D, £, FESFFCIIK S ITRT L 91T, RO Z i
XL, WEHORSMIF S % ZRONFICERL S 5. R — MEOBEL, WBRENESICBHRETE S 1.0 degls
DR RERER & Uz, AIERECIZ COP B LNV A Y% 20Hz O > 7Y 7 L— M CRIE L7, WE 3R
2T AHRT X 6@ R T O~WODNEIZEF 10 7 1A, F R KRR 6()1 2~ O~DDNEICE 7 H7H & L.

@ : Acromion [mm]
@ : Greater trochanter -
@ : Ankle X

L

80| L;
L

(b) Side (a) Side view (c) Footprint of standing on one foot

Fig. 3 Experimental situation Fig. 4 Initial posture and position
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@ : Projected point of ankle e : MP joint

(a) Footprints of standing on both feet (b) Footprint of standing on one foot
Fig. 5 Standing posture on one foot Fig. 6 Tilting direction

7E, WESFHIBT 2@~ BIRT o[deg)iE, X 6@IIRT LI LIENRNCEET 2 YIS VAT
R L, 55 LIROSBRICHET 2 XM AT G Rt & O Z RO K 9 IR ARG, ARt & 55 545
OHEFERIBIE (MP BIf) ZAESAEE 35052 L TIRET S, £72, AR REXFHIRBIT50~O01 ¥ i
HAMEIY 12 6=30, 60, -30, 90, -90deg, 7&ffEXFFHIIITHO~@®IL/RIY IZ §=-30, -60, 30, -90, 90 deg
LT ZIBDOMAFEL, WERE DY AR — MEBOMERIITE & EATIC COP ZBEIS SN L )T, T o AHERHC
EE LR ST S (Hiramatsu and 1zumi, 2010) 2 F5 O BIEIZE 2 F 258 L CQRE Lz, AEXMZITE 2 IR
THEE 124 L35, 2B, £2H0 SDIFERERFA, MITBM, Fikthzrd.

Table 2 Subjects for measuring the center of pressure

Subject Sex Age [years] Height [mm] Weight [kg]
1 M 21 1790 60
2 M 23 1740 64
3 M 24 1830 65
4 M 33 1730 70
5 M 34 1690 66
6 M 47 1650 61
7 M 47 1600 57
8 M 48 1750 82
9 F 21 1590 48
10 F 23 1690 67
11 F 24 1600 45
12 F 35 1630 45
M 34.6+115 17225+74.2 65.6+7.7
Averagex=SD F 25.8+6.3 1627.5+45.0 51.3+10.6
Total 31.7+10.7 1690.8£79.0 60.8+10.9

3-4 ExElO%IE
HEREROH] & LT FICE R 1830 mm, K 65 kg @ 24 B N BEME (32 owlRE 3) &, HE 1690 mm,
{RE 66 kg O 34 R A B (R 2 OHEERE 5) O 2 4 TITo M ER R L RT. £7, i TR REIC B W
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THUAYEINLROOND X, YBIXOZEEY OF—2 2 O ZFFEHIRTHLEOEY DEE—A
h&, 74 —AT7 L— N THIET DHERE D COP OIFIZxTT 22k 6, SEIRROHRIZAT 5 HIEIZ DN T
a5,

[ 6(a) D7 [M@O~YEERE 3 DNERBAAAERL L 72855 OLEBEBWER MR B DHE— A v b3 LUV COP OB EIED
RS 22802 71, )7 L0, HERRMG BRI 24s BICAT— AL PBLUCOPRALLTWVD
U, BERENNT U ABRERFCX R 7R W IREVE I L C COP RBE L, YR — MEIZHD ol lodThH
4. WO L BETH DD, AR CTITHEEED COP DRIEZR & T 57-5, COP MNAZd 4%
HREIPR A OHBNC WD, 72721, ko LB 0 EEITET— A 2 b OB THERE OfisE] 2 4l LIE 1R 5.

3-5 EIE#ER

Wl 33 K OV5 Dl )t X RFIKIE TORBEANI %32 COP MZE{LIs L OMEEIBR L T COP DAL E %X 812,
FNENIRNIE X OF A T, K458 O L FEE ke B & L SR, @A, #7727 VUi BT,
WRE OSITLEA A RIERF L R CIRRE L L, JEEbEatm 2 T O LI a2 TIC/ERR L2 B TH 5.

— Resultant moment about point O
120 ¢ 1 300 — X - coodinate of COP

— — Y - coodinate of COP
E 60 150 &
pd S
= E
& O 0 ~
g .
= -60 -150 ~
-120 -300
0 5 10 15 20 25 30

Times [s]
Fig. 7 Changes in the resultant moment and position of center of pressure: COP. Resultant moment, which were calculated from the
tension induced at each wire, is plotted with the black line. X'and Y coordinates measured by the force plate are plotted with
red and blue lines respectively. Upright balance was lost at 24 sec when these values showed rapid change.

e COP
Bl Limitation of COP
— Fall border
Xr[mm]
A=62086 mm? T=39458 mm? T,=0.636 A=53695mm? T=23404mm? T,=0.436
(a) Subject 3 (b) Subject 5

Fig. 8 Path of COP to the limitation of maintaining the balance on both feet. COPs measured by the force plate are plotted with red
circles. Blue squares denote the positions of COPs at falls. The aria by connecting the blue squares is used as the movable
area of COP.

T/, FRRICH B XFRREECORERZX 91rd. i ZFrco@iL, i Fco @BRIERREFIH L
TWA., 2B, BERAIK LIGRLE 7+ —A L — FOHRLEFEE TS OrXpYrZ FHN TN A.
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8 LV, WTNOWREICE W T HRE LI-MEEFIAIC COP X, IEFBEL TW5. £z, IEEIERA D COP
ONLE, WTNOEELROSHLONAITSH D Z LR MERSND. Ziuk, #5R#E O COP IXFH 172850 &
WS LY R OZFREERHE 2 2 57y (I, 2001) 72 ThD.

COP BREDSBHITET HRENINT UV AZRHI RN E LT, gibmOBEEHCEI LT, K10 IR T L5 i1coF
JNEHIRRE L 720 IR KR E A DMERI L, BIC X A RINRAUGET D 2 B2 ond. £z, %5ICH
LT, RBEEIERT 25— A2 MRBEEORENORMIET 270 B2 bND. IHIC, FERRIRE
TIE, BHLL TOWRWRE K5I LD IZFICESE L CWD 7, FIROELDNT o A% &Iz <,
T, RERE—AV IPEBEEIERT L2 ERENFEREZZOND. 72120, dtli7e B2 e oA
73, ATEhE, RS EERIE LT LTS, A AT =7 ARRBRIANETH Y, R EEO S TH 5.

728, X 8@)IZBIT DG 3 DO TOREIRFITEDSHABA TH Y, HRILER DI COP BN ELE
LTW5., ZHUEM 1L IR T L 51, IR G m~OFMERAENRE <725 & RBEfi 2N L, HIERL
RRZITEE L QU o T R OMES D THIRE X 2 727200 Th 5.

Ye[mm}- 175
A = 19047 mm?

T = 7035 mm?
T,=0.369

(a) Right foot: subject 3

r -125

e COP
B Limitation of COP
— Fall border

Ye[mm}- 175
A =19789 mm?
7= 3200 mm?
T,=0.162

(b) Left foot: subject 3

100 -100
Xe[mm] |
Yp[mm]- 175 Y [mm]-+- 175
A = 18795 mm? A = 18500 mm?
T = 2236 mm? T = 2999 mm?
T,=0.119 T,=0.162

(c) Right foot: subject 5 (d) Left foot: subject 5

Fig. 9 Path of COP to the limitation of maintaining the balance on one foot. COPs measured by the force plate are plotted with red
circles. Blue squares denote the positions of COPs at falls. The aria by connecting the blue squares is used as the movable

area of COP.

Fig. 10 Right foot on tilting
(Subject 3)
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Fig. 11 Right foot on side tilting
(Subject 3)
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3-6 BIEFEROTE

PIETHIE L7-i5ERR T COP DLE L 1, ST AR OFHliZ R A5 . AT, X 8@ird
KO A AR O LT 8 A, FIRDOBIRNIKT LS T o A &R FFAIHE72 COP O#iH T % COP Rl
ET5. B, FHEICITEFRHED R D R O COP nl@hig & bl 35 72, %%ﬁ B COP DMFEAERTREZR
IFPLEmIZT % COP MEROEIS %2 5. SFHBEEmIEX 12 12fl%2 73 K 212, mERFoysa, RE
RO X5 IS D J BEAedts & B4 i 2 A CRE OV R A2 P Zeim (VINI11, 2001), )#E&ﬁ@;m, HIMO LI
FELTWARORMZO L D&M E 5. 26O RKEIEEmOEME A[mmick v COP mIENKOIHfE
TImm?] & L 7= mfs b 7, 2 3 A 5.

PUED LU TRDE, 4, TEBEIO T,0MEEZZENENORERBIICH LT G, 9FICiEd. a3 L5
O T % UL, #8RE 31%, e, HEXFFonT BT REREMEEZRL, #RE 5 I %
RHRNHEBEREBRTEL RSN,

13@ICIEBPERE O LR, A SR, AR RN EhO TyOEEZRT. BREE Do,
BEBLEZOMBMTH LM, #RERIRDO T OV EET D &, WEFFC047, AREXFFT022, A2
FEFT 019 Thot-. RO T,0OEIZMEED 5 BN, BEH Th > Th/NT 2 O#ER TR
ThHDHIENbns. £, BEXFFCO T,O % FFER Tl T 5 &, BIECHALZETE T 28 mcdH 0
20 fXCI1% 0.07, 301 TIX0.09 3 5. [FEMETHIT 5 &, Flndd LR DI T3 HEmich v, Bk
TIFEMRD LR BTN TR 0.08 T, ZPETIE 0109 LT\ 5 . AR FEHZBWT b RREDOEm N /S
DN, FORETMESFHIIEAAIT NSV, ZhuE, FRO XS IR RSCFFTO TyOED R SHFF COEIC
NRTHRVIEL, HEZOLDINVNENZ EMBERERNIC oTe B2 BN,

VU ETELNIERICE LT, #REiT 124 L2070, BEETIC, File, MR X 220 B Z#E!
FINHIET D, X 13O T L DI, BBRE % 6 472 20 fROFFEREL 30~40 (RO HERHIZ/T, WO
T DEZRIEDTRN B LV fERE p a2 ROABEAEEZ 5%E L THE L. 728, RmLTiEm7—n
—IERE R E A R, T O HEER I AR CRBWTC, W2 30H T 0.52+0.063, 5 7472 37H T 0.26 £0.062,
AR RIFFT0.224+0.050 Th-o7o. —JF, HFERECIXMECFFC 04220071, AR 23T 018+0.057, Af
JEXFFC0.15+0.020 Th o 7. T O MBI 2 SR (1=2.322, p<0.05)F3 & OVE J /e SRR I T (1=2.750, p<0.05),
HAERE CII A ERHC RN THEIDNSWME L 7272, 2, AR REFHE2078)ICBW T, ABRETIHZRWD
PHERECIIHEERICLEVNSWMEE 22572, 2k v, COP afEhs i inkmic & b7 b3 2 EHEHITX 5.

® T, withbothlegs -+ Average of T, with both legs
® T, withrightleg - Average of T, with right leg
® T, withleftleg -+ Average of 7, with left leg

0.7 07 r * B Young subjects
° [
0.6 06 i [0 Middle-aged subjects
4&5 o PY
0.5 — 0.5 i
o e hd — <04 | *
< 04 ° - o L
03 § e 03 T
0.2 - o 02 T I
[ ] T
° [ =
0.1 01
0 L L L O
Male Female Male Female Male Standing on Standing on Standing on
(20 ) (20s) (305) (305) (405) both legs right leg left leg
(a) T, of each subject standing on one foot or both feet (b) Difference of average and standard deviation

of 7, between two groups (*p<0.05)
Fig. 13 Comparison of 7. Ratio of the movable area of COP to the area of base of support “7T,” tends to decrease with age. The

results show “T,” can reveal individual difference numerically.
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IBIZ, Ty OMERIZEIZOUWNT, FBERE 8 4 & 2ot 4 4 E T Ty DONYEEIEA KD t EEA T o7, TyDIH)
REUEFZEIY, SRR G SR € 0.480.092, £ /e 3FFC 0.2320.086, /i /e 3 FFC 0.1720.055 TH -
Too =05, ZoMERECIXM SR T 0.460.059, A5/ /@ 3CFFC 0.20£0.008, i /3T 0.214+0.024 TH - 7.
T DB e 5 (:=0.322), 45 7 e X FF(1=0.621) 3 L OVE R (=117 O WVF BN T, B
HEREIRDO SN2 oTz, 72120, ARITBMREE LK REO NEGENRE L, F7o, KHREOEROTE +
R TH D 25.8+6.3 7503, BMERED 346 L1152 VN L 80 n, MRNCE 2 2IB L ©
i, &5, HWEERFIDMNETHD.

72720, K8, 9, 13D L HIZ, COP AIENKORIEREFIISALIRIBIZIS T 53T » ZARET DE N £ & 25T
M, BAEANCERT Z ENTE S, LI - C, AEEEIC KD RBIEEFIISIAL NN T AR OFHIICEHTH 5.

4. BHMEARFOEDENHE

4-1 FEHE

SN T o R EART e 72 BB T D COP OEEN, §72bh, FOBMEDRE IR DL T il
EREECTH DM, AIEE TOMBELY, RELZEELHOIUIRREE 8D, 2T, M EORERESBICHEE
FRFGIEE 2 G effift L2 B COTELDEIEZME L, @E AV O HEN RO L T 5. WEDOTFIEE
O~ERT
(1) 3 2HITHRANZENEE L 22D X DI BAER TR 5. 72720, YiR— FERICIEZX 14 (TR,
DELNETAXITLY B P —3A (f o Z—VU 8 2, #ERE O L OKRERHRIZ ST 5.
(2) ZEEBOMENT COP ONETHET S Z &L L, ViR— MEBZEESE, #5E O COP A AIENEIZET S
FCHERE L O IER ST 5.
() VA= M EEIEL, $RE TR A EE ST F £ THIEALIRIE 2T S5, Z OO ELEFEE
20 s HHIET 5.

2B, MERIET 4 A7 LA ZWRE ORITTICHE L, COP &2 BEE%Z OrXpYr EICERTRT 5. Wi
(212 COP & HAEIENS—ET 5 &L 912850 TH B 5. COP D HAEMLE L, X 151262 7R7, #BRE o E Ik
T LMD OHBEOEIS C %] THRET S, HIEE, ESEE, COHEME 60 %, 70 %IZFRE L7 2 FEirk
FOBERE CHRET D BAMEREEEADE 4 AT CIT 5 . BRRBIRMEEMNT, #RE 2212 C & 90 %/ D 5% T
FAb S, SIS E 20s ML EHERFATRE Ch o 7o e KD C, TOZRER L3 5.

-« @ : COP at upright standing
X O : COP at tilting postures

Fig.14 Situation of wearing a harness  Fig. 15 Target position of C, on measuring postural sway at tilting posture
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(a) COP trajectory (b) Sway area
Fig. 16 Definition about Sway area

Yo7 TR A 20 Hz & U7 IGERER] 20 s tHod 5~15 s (238811 5 10 s B OFE R L v, FOEHEO G
I<HWSRD (1)1, 1999) COP D# B EhIEEE L[mm]ds S OV OBENEEIH T & 2 M ks SImm? 25 5.
S5, SOff% 3+ 6 HiDK 12 177 L= 48 O3 RIS O ik A[mm?) OBk L7 mlskt S, 2 535, 72
B, LOWIEIY 7)o BB n ThHD OXpYr EIZBIT D COP DI (x;, y)[i=1~n]> kA THEET 5.

L= iJ(xi _xi+1)2 +(, _y,'+1)2 @)

S OfElE, X 16(a)l/xd COP OB ORERERFNIBN T, BUWORAECHEEN 51X 16()12~ T Bk
DIy OmEEE L CRD D, BBRE IR IR THEEE 104 (229+0.75% ; BIE104) &L, MidFrE AR
RXFFNENTHEEZITo 2. WITEITAS T2 To 7. 728, SOfEIZ COP R—BETH-oTHREL
B LTS AT 5. AR, ERHEEOMRZ L0 RIFRERE LT, SHVNIWIE S OFEFRE HV-.

Table 3 Subjects for measuring body sway at tilting

Subject Sex | Age [years] Height [mm] Weight [kg]

1 M 22 1790 60

2 M 23 1740 64

3 M 23 1690 58

4 M 23 1770 60

5 M 23 1730 68

6 M 23 1770 61

7 M 24 1600 57

8 M 22 1750 65

9 M 22 1640 52

10 M 24 1660 56
Average £ SD 229+07 17140+ 61.1 60.1+5.0

4-2 BIEHR &5

F9, WEFHIBIT DRERICON TS, 17 IZEHERE DOTNEND CAZB W TRIEE LR LT
LB LIS, DOFE L R A RS, 728, C.OMEITATE Cilh~72 BAEEI 5 L CAMBRE CEREICHIE Sh
ToRER OB SRR TH 5. [ 18 121X COP DJIERER OB E LT, 240 205FBME (3 3 DR 2,
3) D% C.0BEEIZIHWCRIE L= COP Oz 3. 72k, [RIXH CIIHEEREING COP OY-E)fE s LT
ROTZELDEFEOFOZ UL Os& L, FHIAS Xp, Vel & VAT 725 R Os-XsYs T COP D2 LAFRK L TS,

17 L0, COBIMZE BN LB S,OEIFEINTS. ZhbOFEEZHET L7120, hDdhsd—
TR ST AT~ 7. 728, HEKMET 5% E Lz, BN OfEE, EIMER OB EZ=) LIF(3, 27)=20.11,
p<0.01)3 LN S,(F(3, 27)=5.87, p<0.01)T & bIZFRO BT, 723, Flx, yWIHHGHTICIHWT, K1 (HERE)
OKUEMEBOHBEZL x, BALEIOHHEZ y & LTELNTZoEEOELZ T, 512, ZbOEHEIC
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FUNT Tukey @ HSD £ (HiFF, 2007) 12 KDL EIEIREZIT, C.OBENEM COAEZEZ B LR,
17 R T K ICEBOMR L & HIZ CATHT I2HEZENEN, L, S & & bICRKMERIEEN BT, BEE
BB IO C.OBEEZ 60 %E U7 HEHZES & ik LA EARBINZ "3 2 & 3 S 7.

IHIL, MITIORTEERAOEL Y, BRKRKEREATIIL, SDIXL2%, T72bb, EAZEMUOERE
BNTHEARE V. BlE LT, M 18() & 0 #RTE 2 OFLEMEY, RRERIZEATH D C0% 80 %IV T b K
V. [FAIREERE DR RBIRIZEMI BT 5 LB XN S, DI TENARENT IR, 2T 2815, 7.715&72->Th
D, SAOENPEFEICHIINL TV b. —F, X 18(b) & » #5reE 3 OELEMES, C.oHINcE $729 LBXVS,
DAL DO BEAME 23 LA/ N S,

T OFERMNG, C.OMNNT X 5 8BEZ 0T W & IS WEBRENFEL, HRZ2ERISE5
ZETEAENFEFIRD EEZLND. —J, AREOHM CIIENSREEICB WO THBRER O LB IO S, 0
IhE W, ELDEFEOREIZEICENREE T IO S Z ENZ VD, LLED X D ICEBAHET B I R TEA
FENPAE L 72D 2 Enh, AREEIZ I DEITNT V ARENOELOFHMEiZ L0 #@UNR LS.

** **

400 — 5 r *%
= 300 |- * o ar
E 3
E 200 - % 3
= 200 M “ oo L

100 'F 1h

0 O 1 1 1 1
40 50 60 70 80 90 40 50 60 70 80 90
Gl%] %]
(a) Total liner length of COP trajectory at tilting on both feet (b) S, at tilting on both feet

Fig. 17 Comparison of each subjects about L and S, (**p<0.01, *»<0.05) at standing on both feet. L and S, tend to increase with C,
they display great variation at the maximum of C..

15 Ys[mm] 15 T y{mm] 15 15
10 10 +
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! ! | Q OS‘ I | ! | | Org I |
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L=87 mm $=20 mm? L=97 mm S=21mm? L=162mm  S=44mm? L=245mm $=156 mm?
A= 50561 mm?S,=0.40x10"° 5,=0.42x10" 5,=0.87x10" 5,=3.09x10°

(a) Subject 2

157 yg[mm]

P \ Ty
15 -10 -5 U 5 10 15 -15 -10 - 5 -15-10 5¢/b\5 10 15 -15-10 Bz PN 5 10 15
Xs[mm] Xs[mm] Xs[mm] Xs[mm]

-10 10

-15 -15 -15 -15

C=42 % C,=58 % C,=69 % C,=85 %
L=127mm  S=47 mm? L=163mm  S=62mm?® L=166mm  S=67mm? L=151 mm S=47 mm?
A=58694 mm? §,=0.80x107° S,=1.06x107° S,=1.14x10° 5,=0.80x107°

(b) Subject 3
Fig. 18 Tilting postural sway at standing on both foot

[DOI: 10.1299/transjsme.2014smmO000x]



WIZ, FRREZFHCBIT DFEFIC OV TRARS. X 19 128 HBRE O C.0 BIEEIZB W CHIEM SHH L
72 LB XS, O NE SR 22 2 7~ 7. C.OMEIFSE & R U < PIEIEO N L R T 5. [X] 20 (1213 COP
DOBEEFEROF & LT, 240 205 WEE 2, 3) OF CAZBWTHIE L= COP Dz <1,

X 19 & 0 IERFD CAZxT 5 L 3B LS, DOEERE 7 FHEIXME X FFCOfER L, 22, 3k X
ONBFFEE L v 0 REWV. UL, COBIMZE 729 LEBL NSO EEOE I/ NEL, DO E D
HEZT, LEFEG, 271)=057)B LV S(FB, 27)=1.32)OWTHNOMEIZOWTHERD NN -T. 72720, Wih
D CAZBNTH LBLOS,DIEL > TRE .

K 19 1T L ITH A RZFFTO LB LS, DIEIXENLEE R I T b [l & SR C O KAERREEME L v
HREV. T720H, 3-6HiTO COP AIENKOREFREIRICIBNTHIRRIZ L HIZ, RESFFTNT A& kD
ZLIEARG TR, EAEBRFTH LB IO S, OEMNRIUELEE & 720, COMINIRT 22 bn3Fkniz<ne
EZEz2 5.

X 20(a) & 0 #ERFT 2 OELEMEIC DWW TRETT 5 &, L DEIZWVTILOZEEICIHB T HK 300 mm Th 5 DI
KL, SyDMEIE C.725 60 %, 67 DMEAREETINT, BENLES, BAEEHES L LR TNIWNWZ L5,
—77, [RIX(b) & Y #ERE 3 CTIX L O 400 mm Th Y, #EERFE 2 (2T 100mm KXV, £z, SOfEE
C,73 59 %, 68 DHAHEZA TR X <, R 2 L1372 o 1B LD Z /R LTV,

IHHOREBLOK IR LI LBIRS,DIEHSX L0, FREZREICBOTIREEA LA LV RHEIC
BOTHEAZENBEFICEND. T70bb, FEIFICET 2 HOEFROFNE, S/ T v AGEIIOFHLICH
HeEBZ s, LLERRZ LS ICFRREBIIALZERIRETH Y, HFELDIN & > TUINEERZEATH S.
FERZRBLEOIE, MR CRB AR ST EOEHEZHIE T 5 FENET 5 & TRENS.

DLk, 229 2 3EITEEIC O 25 £ CO COP RELEHEZZRIZHIERRE TH Y, T ORERIIWERE DT
VARSI EEAERNCHIR LSS, £ 2T, SRITxGETHHBRE OB HPHAIHOL, B NORFEEKEES &
AEEE CHIE DS FTRE AR BRSO RBMERIF O EOBIE & OBMRZ NS T 5 & & big, EERBOG R &
LOMEZFHEL T, b FOEME LT SOFMITEE LTORBEZKS. D0, £, 2hRAREIESM:
R 5. ARFRSCTHENE L 72 COP FIENROMRIE, S AMERIFOELEIFEOWE TIX, W oga b |c
%, RRFEICHTZY, FRICARBMER T2 L8553 L L big, BELELSEE L Db ORIELZERT S,
AN, WE, KEEZRTRRDMEEIT-720, ERAERHIARR TR LTI L ) B HOLMTRIEETTH 2
LIXNEECHD.

Z T, HREA~OAMERET 5 & L OICHERR 2T 5729, COP rER ORI TIL, BEAOMERT
)2 fRE LRERB A O3 Z &2 BN E LT, [RISEIROFEM 38 U FTRE 72 3 D BB DGR 171 A B 6 7
T 5. Fio, BEMERIEOE.OEIFEOFHMMICE L CiX, Fln-ClEBORDUTIES U, HIE~O AR 26 Lo,

NN T o ARESI DRI W REZLBIRNES &, BIREIRE DO KV ETL Tl
500 r 14 -
400 12 r
T 300 Chrlll
E X 8k
= 200 - v 6 T
. 4
100 5 |-
0 0
40 50 60 70 80 90 40 50 60 70 80 90
C.[%)] CI%]
(a) Total liner length of COP trajectory at tilting on right foot (b) S, at tilting on right foot

Fig. 19 Comparison of each subjects about L and S, (**p<0.01, *p<0.05) at standing on right foot. Z and S, show little changes with
C,; they display great variation overall range C..
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(b) Subject3
Fig. 20 Tilting postural sway at standing on right foot
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RN HREARFF LLRAMIRTE D728, BHEY 27 REWEENIBWT LRI FOSALANT AT
DRENDREIMTA .

(2) BRA¥E LB 2 WV, SIS T o ADSHERF AT REZ 2 TP OLE DR 2 Z 2 CRIE W RETH H Z & ZfEad L
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() MEXFHIRBWTES 2R ST R UDEEORIE AT o TR, T AR ATRE 2 EHDIRFUTITS <
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