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1.1 HAEROEBE=RUOHEMN

1.1.1 #EmEs

S o EiE AL (65 A 1) 1%, 2020 KT 7.3 A (HFRAL 78 {EAD 9.3%)
7%, E#E WPP[1] 12 & % & 2060 41213 18.2 A (HEFLATT 102 A D 17.8%) (ZHEHNd
5ERARINTVWS. TNXDEA LU THATIH S 4 ETL, 2019 FHFAIT 65
DA 36 HHAN GRALD 28%) [2] IZKATWS. FEiE a2 TN & % 51K
BEREDIK N BN 2 U A 7= @M DN 5 2 & T, BEXHEE - BENEFOHINTEDN
D, INFHREEDOEMNE S 572U, ERPMERTXXLZRERD T E SR i BEth
REBINDORKELRPEL LoTWS.

BXBH Lo ERD 3K (14.2%) , ENEH LR -7 ER3AL (12.0%) [3] 23, &
MAROEETH L. @FICBWTEREI, MG Bz RES TR TR, —EdH
HWFEEREER T 5 &, AL - Aih o HEATEIEEIRES) ADL (Activity of Daily
Living) DI FXUL 26 DI 2R3 5. B0 KET L, FIZRAERR (BKRD
AIEMERBIZ L D AT 5 “IRNREEZ SO, BiEkkR, 155 - WRER, WO - R
R EENEARZB T BER) 2REL, BEDIZORHPELINTWVWS [4. ZORRIZ



B A ADL B & O QOL (Quality of Life) DIETFIZDAMEZERRLHSNTS
D, Ho T 27 DMRFITE2HEE UTAS B #BI TV 5.

1.1.2 EREIBMREF & EE) X 7 5

AEAEFRICB W TIRERKRIE, SREECREY), M2t (KRBT, oAl
KN, EEEEZOMET, KISRFOER, PO, ZHBAOMT, HHEE DK
T, THHEEEET) ONMKT-2, 10~20 mm OBGERRIRE, O RTVE, EY
FOYHERE DR FIZ I, ThoZR TP olifliERETLILEEASNTVDS
[4].

DL FI» 62 2RO FEANBIS D O, RERFELRI Sk OEEFHOH 1 R
T4V Bl EERLTEDY, ZTOHRT, @EOMIEL SEEO EMOILEY A7 H T2 L
TILIEHE (WK, BEERE, S78EE, N7 v ABEE, ZREMHH, SkEE, B
g ADL BEs, 5O, S0mi) & EIFTWwa., HATHERRY A7 FDRMHFKRD
7= D DI/ EDZE [6] CBWTEBETL LT, 2£0%, v\, RoEY, X
FI % EDLENIRN (BEFIAR) , BWED, BESEz2RRNCE D Iz vwo
THHZME L, EEIR 37 Z2EKL, BEREEEIZOAITHEVATH S Z L %2R
LTW53.

W) A FDAY ) —= v v T hHEE LT, KEOWHE T NI 4 2% 2011 4
ICRELZHA RS54 2 [7) T, BESEE 120 ARICHAE U BaIT 3T - N5
ADFHlZ R L TWD. BT - TV ADFHIi L E LT, 478 (Get Up and Go Test
(GUG)[8], Timed Up and Go Test (TUG)[9], Berg Balance Scale (BBS)[10], Performance
Oriended Mobility Asessment[11][12]) Z#XEL T\ 5.

GUG 3#ERE DPIN R oL U, BT L 3 mOERZ AW T A2 E A&
JES 2 E CHIERERENBEL I~5 DA =)V TAIT 24135 HRNTHY, A7 —
VYO ARIEMES OB H 5. ZNEEIEL 7 TUG IZBERE DI #7557 L,
BITHIA U 3m O E S W THMZ2ZEA GRS 5 F TORMZFHIL, £ OREIZHED
EAATEFHET S, TOAATITED SEIRED A FRNICHAH T E 2 2407210 &
BDONT V ADHEMEERD I LN TED.

TUG O A3 7l L HxfE ) A7 OFBEBERIZOWT, TUG A2 7 IEFRHIEEE R & Ol



WEHTH S Z %R TWAHZE [13] X TUG Hlt T O Rl T ILERE ) R 7 K1 DFRE
IR+ TH D MMDOFM ik DA ZIRETHHE[14 BHD. ZDOTADHI
RS, AT, Hni, EEROBEND D, MEEEOMEY, M - BT VAR

DRENEEL I o, HTHOHIE - ELEOER - HITHEELREDT — & L LEHID
fpE s R EEEHIL, 25 AMEEY 22 T ESTH S E LTWAIIE[15] £ 5
%. TUG #Hli 515 %2TEH U TRAEMRHRE ) X 7 5HHi & 2 \WIKERE ) X 7 KF DREEIZ
mHTEREEZOND.

BBS (Berg Balance Scale) (& 14 IHE O#EIE (R0 ofesr, SiAifRE:, BEALRE, &
HE, 3, PAERSZALLRRE, PHMINZAZORE:, MiFaiAMiEL, #v kY, #&R0iED, 360° O
Fillsat, BSAGREEE, X2 F LA, RN 128 LRI AICHE D & 0~4 S E T
KRBT U, 2o DG REDMEWVIE EIRE Y X7 &<, Gt mBim I S Y
A7 PMENZ &% RT. Muir 5 [16] 1& BBS D A3 7iL, MOEREY X 7GR e HE
U CTRERDEZE ) X7 OFHNZFIHT 5 &, £ o ORE TR E DN DHEIHER D ET
RIZAERTHEZLERLTNS.

RN HERE Y A 2 OFMGEE LT, IS, FE[17] & R O F % & R
ZREM S 5 Ak e LTI Nz, 30 sec MR 7720 SN - BREDRR DR U HIE % 5t
#1925 C-30 (30 seconds chair-stand test)[18] % MU fE(E S lpE THEL TV, ZOH
AR E, ¥ (REEREDOD 2H THREGIETH 2HER) LRRE ¢ (KEEE
JEDINE THRERETH 2MER) 2HWT, BEEERICEEL2H5Z5NTF%2 4y XL
(Ip/ (1 =p))/[(1 = q)/q]) THL, TAPEEFHTFZA DL LTEHTHSILEZRELTY

HE IZE T, M2 SO EDIXNEIHRIZIMANT » AKRE, RIEER L ED
Bk I EEISRE D SR S NDEMETH 5 Z L DRE [19] SNTH D, RFH 5 DORILE
TEIZE AW EBIBERE 2 314l [20) LTWB EEZ 65N 5.

fERI DFEE ) A 2 [RF1ZDWT, Moreland 5 [21] 1%, Silas OEFEEEE & 1771 O JIE R
ROMIGRX & A XM U T, #atETHHT S NEARETNA DI X iAo 4 v
2 (FEEA D ORZIEEL OMRTIRRUZE) & FEHRE TEL OEIE DO A v
ADHTH 2 FEHIETOEF A Yy XX 176 THBHZ L 2R L TWD. ZHUZHL
EHIME T OAEG A Y XX 153 TH Y, v AUDAKREWIFERTORENPKRE W

EREKTD IS, RIZIVEBHEN LB ORREBENS W L 2R TWD.



TN E CHIAU 72 0sf8 ) A 2 GH 5 R I E O EB P EZRREICNT 5237 v,
IRFFEIETH, EEGEHH2 S b b OFEMR & IEERERD o 2 S FERIE S AT LA DG
725 2 LT\ B, 22U U, RSEMIRRIZEH U723l 1% & U T Lord 5 [22] 13,
R T a7« — VR 15 T3 % PPA (Physiological Profile Assesment) % $2% L
TW5. PPA IZIEEIDBEIRIN T2 KE T 5 72D R DFEERN 2 R T E 2 A5
770 —F9 55k THS. PPA OMBEEHE L, Hh, HRMEEE, TEGH, FLEO
OS], BEEREBEITALATY P TORBEHTH D, ZTORERBDEEY 22 %2R
T2 EMEHNZH S NIZ LTV 5.

RN ZRFICK O FEELTWS 20, iV 275t kS GUG, TUG, BBS, C-
30, PPA L HHBH . TOHNBIZOWTIE, REATFIED ERINRMRED S EMEN 2 RE
ETEIRMRO MDY, FMEREE ST, KGR, Hrofsi, RS (e, A, X
VTL) LHEcH Y, G G BIEESAGIE S A T A Rh S [EBIBSRE O i iR O
NXEEMRRDORMEREICEB UZAIEE T, SHEENRT 70 —F HERD 5.

1.1.3 &l &R EMOER

B DR FEFED S, HEOEERIZRBE DN - SELEE U ITE S ZB R ORE (O
FW, VB 6A, B, BRIE, ) [TK 0TS T L [23][24) B o T WA,
THIIEERAE R, MRCRIEE, HWIRA, FHEREEREEIZ L5 0 4] R HELDOBET
HBEMN, INSERS CEHEEANZZDIFE AEVPHITHICHEELTED, KHNIETRD, D
F O ST L B2 ANELRIERIC & b FAEL TV B [25)[26][27].

HRfE] % MBS 5 720121k, AERANLRIENZ L, BED HEWIEAT v E Y T MG
DWFEL, TNSORIBIIER, #ikE, RERED» S OANRREHA L, #@ERmth
EREIEDZHEND S [28][29][30][31][32]. VR B LEEAIETHITTE S LI, A
AL R T RABATR R R MR LD S, Fx OAMNNEREE (BT oMY, TR,
BEBe, TREESE), WINBE (KN, GREIBERE, MRHIEIREE NE) oknrTh,
GUTHITCERMABI LLERS. —H, SRR~ OMBEE AT, Hio
Refoefy, JEBRE, BOGHEE, TN, BB, FERRE, EHEEERE) 2NERE) 2 2K
TTHBMBZAIANME T U, STREE R SEEIICE S [4).

RG34 G HCHRAEL TE D, Hi7id 5 W IEEEY RO C R, b ok



U-EHOBEIZ L Y, EESITEFERLIBTEARINICEDEL LN - S0
Bz LT3, ZOERPANEIC X BAELERIC & 285 > A4 & 0 BRED
HLBEEZEZONDS. HEWVTKAEBRE T2 UTHTHOAZEDDEDE, Y, %
DAFEFIZ & D, JFEAELIZN L, EEEE— A 2 MERREL, ZIUTbid %80
BHO O DOFIHALFERE L 22\, BEAGIEMEREN T TR WGEITERET 2814 A5
ZEHTEDL, KoT, NHEMBHMIL - AT 5 e NEBDEIERES - REGIMERE
Y, BREIELEGEENORARE UTHETHLIEHFEZ 6N,

o T, IEEENEEN 2 Z X BGAITB VTS, VRS EZILT HEMIAFLINT 5%
AREMREZNET D Z L id, &0 EARREBHIEVRELZ AR Z e oEBEZLE R
S5, D& ESEMHELIZERIEE T ONS 2HERIIAELD S, EBROIEIZES X
DBRELNFNNENEZ oD, HARBE TRESI N TV SN LERINLTIZ,
WEEAET AR BT L 3L VW EbN. 7, EBOEHIZES XSk
RELDZENANELTIE, D TEELESGIETER O B eRHiie LTI L Thwvwe
EZoN, £z, WEENZE D REOEREEED 72 8 O E R REIED I ITHERE 12 X D K
ELERDIENHMOENTWS [34][35]. ZD7=d, ZOWENIED &S RKELNFEN
HELTIE, WERAE T & 0 B[]k 0D G B SR D BRSNS 72 B W REMED D B

INs &0, KX TIE, #EIEGERES % 8 &S 5 72O IALEBTDNT VA
FIEMREDRE %2 AR L U, Z ORBARIEMREZRE - T3 2 SERAELA TIN5
VAL EAL Y AT LRI LA G 5. IRETTIR I REEICE T 2 ZhE TOMsEE
AL, KX TRET DIFEREDENEZARRD.

1.2 IINIZEMDREERT

b MR DZEMIZE LT, RHZHIIEIATCOZEMICE T MR INETEL RS
NTET-.

NALEENE C 1K, RENT VA REDZDE PDED : COG (Center of Gravity) % &
AR P ERRICKOHIME - Mg sheExOoND. 22T, VMLEMEDH
ZETHWONSZHDOEEIIETH S HD : COG (Center of Gravity), EEHL : COM
(Center of Mass) , EHEMEEHUD : COP (Center of Pressure) , ¥HE—X ¥ FRA ¥
b 1 ZMP(Zero Moment Point) DEKZEM L TH <.
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t AR R B B ADREETD COG, COM, COP, ZMP %X 11277, COG IE
b MEERICE K EHDPEMAREOMEMME 2 3MTDHTH Y, & hOBERD MO
DR THS COM & —HT 5. M1EIZBWTIXCOG IZMEHT B MHEEN 0, 742
DOHEEDEDPEIEL TWANEHEB L TWAIGEEE2RLTED, ZOH&IECOGCHL
<IE COM HEroEAMKE & DR A (KATRAA) & COP % L LIFZMP & —3
3 5. COP AN, REMTEOHENFYILTHZH, MEEFIARETHLEE 0 D8
BIXZORMAIIZ—HT B, Tz, ZMPIXFEIZ2 AT 0 Ry MIESECHEHAI NS
EDTHY, ZORIZBVWTHEEE—A Y MBFELR VM LR S.

M 1A128WT COG IZ/EHT 2 IMEERH 562K L TED, ZOL SIERIIRT
£ SIZE S mg & COG IZTMEMT 21T ma DETIRT MIVIERSRO KT & D% fih
COP & L<IZZMP & —53 5 Z & [36] IS N TWS. f>T COG, COM I 3Rt
HMTH 5N COP, ZMP 1Z 2R THDHTH 5.

VAL ZEMEDRE T UIX UVITAV o S ELERRREICS W TIE, @, TeriXo
HEOEEE (B2 IET7 =< (B) O GW5007% ) BHVWSNE. 0L EOFHMEIXE
BZ COP ZF L THY, TNINMEEIZLZHEERZEATVWS. 0L EHESLD
FOEE L 2 OCKTE L COMBiZAR DT, ZOMEIZBITAELEIECOG % KHiZ %
L7zl (BIADB) DX THEH, MEENHZ25EEK1IAITRT LIICTHAB L3R
720, EEUZIZCOP THS CRzFHINILTWS. KX izBWTIZZD X S RiEiLE X
J27-0IZK1AD CRTHS COP ZHFICHY, FEEORIE - FHliic 5\\WTHHESf
Y05 OREME RS U COP 2 28 ZFHEEL ULTHWA. 272U, I
TOMDIFTEE I & 2BEMITICBNTIE, ZOFTHWONTWAHGEEZTE 52T %
DEFEFHWBZ LT3,

NEAPEEAHIENC B U CIE AR T H 2 BRI T 252032 < R hTWnb.
Bl 21X B RFREDEE) & W - MR FIE e UC, MRS [37) 1%, ELEME RO
lAFMLTEY, A0S [38] &, COP OEEMEIEAD S & bkl & B HE € T
UT, EAIREE L ML Z RO LZEMFE L T\Wa. 7= Freitas & [39] 1, N
HitR DA HIZ L 5 COP @ RMS (Root Mean Squre) & - IZ & 0 22 % 34l L
TW5,

H AR 2 AR R B FE OBRREIZ B AW SN TE D, ZNITELEEMRE [40] &

6



when a0

Fig. 1: Difference of COM, COG and COP, ZMP when the case of the acceleration equals
zero and not zero with both legs supported.

XN TW5. ZOMEDOHMIE, S, ME-RE, EAZAMBEORERE - iR
U [41][42) X EATHEAE £ R AHITIHIT 5 Z 2 Th 5. ELBERETIZ, EOBIE
ZEf NI ADRRE 2 frFE U CRHI S 15 2 IRGGE O EIFREES (FR D & 5 12526813 COP #
) & —EhEEH L, O EELXENER. ZOM» S EEHE (AVEEE, K
HifE, FETHM) , R (60 sec Md COP #hifihit) , HAEHE (1 sec DA,
W), BAIMBEEIR (60 sec ORI & S E R THR U 72 8UH) 750 & OB I 5,
DWTC, RIS LA E OFEE P ROME I HI N TV S.

HARFREN S S 1T & 2 BUE A REORZ AL IR, OMAR &I K S EHOEN B IEDHK
MWV RELIRET HROEBRFIHIEE L EZSNTED, 172 U TOf A ZEE R
Rl DB e MR I AR TH D, — 75, KRiXLTEH L TWBHED 5 D744
FLIZN T 2 ZB8 L2 EMERE 2 E 2 256, BRFRENC & 2 VA2 e VERH I 5 7 N AL 2
EALHIBEIS AT LZRESINTVWIDTREY TH DL HF R 6N 5.

b b ERIESEADIRBRIZ AN 2 S ANEL &2 FOIN U TZEBIRE 2R D FIEPHRE I N T WS,
ZD & EDREMBRANELEINGE L UT, IRIOMEE)CIREZEN i, [k sE, *
7= FIRIC B 2 i S 2 WIRE O R REEANILZ FIINY 2 /0% 4. Hiramatsu & [43] 13,
MEREES 22 S, TOROREHESMEEORREEBZ ML TS, £
72, Hof & [44] X FREZRANELEIMNFIE % IV, COM O M EESHLIEIC, COM M
CREBIR T ((1)9)0) % BB U 7= S % DI L 7= (B A S R A BTN IS 5 B AV %
EMREL L, TNEFEZEE LTWa., 2o O HIETIE, #ERE AT IC & D FifE



A, AEEICERPE UERENZ L VIEERS . E-ARBEIOM L HRC, ©
BN IS B Z B L TWIRWEIZBWT, AL & 288 e (b ERE T2 1%
AtaThreEZONS.

X O BMIZ AL E 52 5 Fihe UT, §IESIALRTH %2 HE) S 872 & E DVALLE
M FARBMGED 72 I N T WS, Navayseh & [45] 1FAIAL AR % 0.125~2.0Hz JEHA D F4k
HER A, WAEBE S 72 & & ORFEFNIICE MR ZFANL, Kuo[46] I3 EHERHZ
L2 REMELIERTE LR S, BREBEDKAREER FHRAELA R, B X OBHIREAR
DHAGEEMIZTEWT, REBEHiAE & KREBEMIAE & OB 5B, i
W, EAZEEROREGEINT ZRALEREZTMLTWD. NS ES
MWELE G52 CTREMZFHME L 72282 UT, Hur & [47] 1%, #ERE ORI (1) 7z 0 —
TEREEL, ThEE NS5 2L THERICMb 22BN L2 ELE UTHW 205
EIToTW0W5b. TOERDP ORI DEBEBISE LD, ZBHIHES AT LA ORERRBORK
flizked, VAT LAOLEMMEEREE UTIRELTWA. UL UALAT & SROIER
D BN & DBARIZOWTEMNZGHEIZH £ > THE D, WELIDOAIZ XSG
i FIRIZIBEDNT Y FEREWLD, WMELICERMEZHEmWT 5 Z B TR,
— AN 2 S DAELETINZ D K FEIC B W TIE, B EMERE XSRS M T Hh 5 4L
FMOEZHIIREKHEEZZITLLEZONS.

INETHNUZZBZEMRIZET S DIIFERIZLIMWER—ADHETHD. —
ATHFEETVIHE ISR E LT, AHS [38) 1, BRNLHIEZRFEEHZE—aryFy 7
Fry—IZ&0EHIL, FiRTFETVEREL T, Bl UZEEREBE HELIZL DL
EMZETHG L CT\WA. [FBRIZ, %8, 111 [48] IZ PID (Proportional-Integral-Differential
Controller) Hlf#AIZHT 2 1Y) Y 7HNRTFETIVEMREL, FAIAEHEIZSAIETEN
ZEIRDEEICB VT, BBFHIH AT LERDTVD., ZOVAT LDOWEITA VK
O r A > DIIAIZEAL %2 ZEA IR RE & U CERMIZIHEL TW 5.

ZEHIE > AT K ORISR 2 8 O THEM U 7255 & UC, Chagdes 5 [49] 1348371k
FEFADRSY Iy M A ZVIREIZ KD, A EH R O ST HIE O R 22 e e
DAFEME L 705 Z L AR L T\W5. Yoshida &1& [50] 1%, & Ik 707 HIAR A 7 %24
BT IS B4R 5 1 O E R E % 5 X 20 COP & AT o [l iz f i % HIE L,
b b ETIVIENIRT AR ZERTAERZEHAL, ERT-XICERT LR



R IR T B IR N 2 ERB L UV ZMP & COM D SATE R Hi AL & O FREE I B
TBENIELD S 702 RO A LML WRBEEHEROTWS., EZHNSES L EY
RIS s S HIAHI D BT & SEEFTIRIS IS Y W b 5 Z 2 2R LT H b, WERIM: & MR
& 0 ZBFIO LK COM ORMFEEEFMMTE 22 2R L TWS, ERKZ S
ELATIIZ S 2 0B 10 S SEALEB G S AT L2 ETIMELTWE WS [T, B8
B [EEERE ) DI 1T b 5 B iR L MR R DV S A7 L2 FHE L TWSHDT,
EFINCHED I LZEOFHMIZIZEL TWE. LU, @i Dl - EHEE - [
HiBEREZ: E DR TIRIAIKR E K BARZGAETIRELZETIVITHES 2WEEEH D, €
TILVOHIZZITEZ 8125,

1.3 SITREMEEBREEBICEYT MR

HRfB] ) 2 7 GEENIZ BIFR U T TR E M & BREENCE T SBFRbERI N TWS. Z
D& D g e UTHIZIE, ARHES X [51] dEBEAEH O &7 MEiiifEfi e LT,
BBS(Berg Balance Scale), #17/IE#E D PPA(Power Spectrum Analys), #4780 &%
PEFERE & U T RMS, ZEAXFME & AT O B CHBREZ LY, #hibifi etk e
LT, COP(Center of Pressure) DfRBEIE, AEMM, LHZEEREEZID, HIL
EME @b Z e OMBEBEREZFHME L T, ARGEEEPHENI EEZRLTWS, £
Kang & [52] 1%, JRATBIKZENE % B = ot 2B O BB 513 5 FE ke LT
Emib U, SITLEM &SI LENE L OFHMEIZHEAL TWb. BAEINZEMIcB W TH
TREN NI ZEEDORICAREZITRD o NT, HEB AW E LTWa., - A0REE
BWT COP i & [T A & OHBIE S 223, HITRETHE R wWE L TWS.
I &0 AREEE BITRBIZE W THIEHA A= XL HEIZ RS LT W5,
BZ AT RN & SRV E DRI D W T, HEHaHBERERZ AT 57210 T
EEEOBBREHSPIZTERVWILZRLTWS. F2VWTHOMHEIZEWTE, ifiL
ZEMIZOWTITAREEROZEMN 2 IO &R & U, —HTHITLEMIc BT 281745
ZHHE S AT LZFTHEL TWE Z e o, M IRRZ - 2 EHIM S 2T L %5 L T
W3 Z 2l b . AR TOAREEIL, ¢ D OIEERESRDOIRE R & OUNIELP N T
VA BIRT B RIEREHE R SRR OB E L ZEZSNTE Y, HITROKEREHAD
AR R 2> O BRI 20 & D ZEBEEM R & R SHH S AT L EZEZ O6NS.
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1.4 ABXOEBEFZE

ARG CIERERE RV RE ICBIR T 5 L B R oD, JIFS I EIINE 1 5 556 D%
R HIEMERE 2 EEWIZFHET 2. 2D EONFIILORE ZIZE L TIE, HARREH)
TONS RHERIIAEL L D IEKE L, BEIZ R SREE DK E R IIFRNELD & DEB DL
(R[] EERER I | TR U 70 R EE D R RR FE D S 2 ANEL DS, BRfE [ (2 B 4 B BRARI 70 8
ZEAMEREZ RS 25 A TRANTH D LEZAONS. ZOXIWNFRATLIZ LS
N DEBIGENL, IERR & BREMRRD S 2R DAL LZEAL Y AT LRGN FE L 7=
fiRe LTk NEBLZEMY AT A BIRONNZENEZFHMEICE 2 ERZONE. £/-2
DEE, & MIMASNZIIFRAELITEAIT S L ITEDORE IR, MA S NHIT LD b
HERVBEAINBRNZ EDEFE L.

ARFSCTIE, BREEEREIZBART 5 LB 2 o N DAL ENE % EEIZFETT 5 7290,
INSDRZEZERBULEF UV WERTIREZREL, IThe AW i et o &qHhF
EEMENLTHI L 2ZHNE T2, S TIEE 5 ICZOFMEFEZFEMEE LT, ¥ ELL»
5 DEBLENDA N = AL ERBINDHEERRPLEMK A F I T ANSHHS DI
ERSR

BARBNZIE, SEAL L EVERHM D 72 D DEBRIEE & U T, RIS #0540
LA NIALEBZEHINL, FnE e MBET B ERBHE Y AT AAND AT L UTHIE
U, ZDMAZEEHIE S AT LD 1% COP (Center of Pressure) DRFHEIGE & U THI
ETDERFEENITRET S, ZOERFIRIILE L FANLZ BINT & 258008
HY, FEALANZEENCHET 2720, Z0OH DY AT LREIZ X 2 5HEiFEE
512, AMDREIRLZDOEIX U CTRHIFERICHEL R WFEL > TV 5.
R Z OWPEAERN S, b MIMHIEY AT L% BB AT LE LT, AHITF—&0
5 FDNNFWHS AT L2 FEL, FE S NIASERBOMIZ DWW TN ZEfbiE ) %=
ERIIZEFHES S VML LEADEIEZIRE T S, INETORITHATIEIDL S 7
AT = RGN AT LREIC & B VN ZEE A F I 7 A% Gl T 5 F IS
<, MY AT LAREIZXBEFEOEVIHETFIEL LoTW\W5.
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Load Cell A/D Converter }—

Fig. 2: Swash plate disturbance response experimental device for human standing stability
measurement. The device is constructed with two metal plates hinged on one side. The
other side of the upper swash plate is supported by a support device with a certain height.
A subject stands on the swash plate. By releasing the support, the swash plate falls until
it is horizontal and it gives the subject a mechanical disturbance mainly in the vertical
direction. The mechanical disturbance input is measured by a load cell installed on the
lower plate, and the subject’s COP response output is measured by a pressure sensor
sheet on the swash plate.
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Fig. 3: Pressure distribution measured by a pressure sensor sheet. The sensor sheet mea-
sures pressure distribution of 48 x 48=2304 points every 10 mm x 10 mm, and subject’s
COP can be calculated by integrating the pressure distribution. The time trajectory of
the COP is the response output.
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for applying
disturbace

Drop
direction

Fig. 4: Experimental device for standing stability measurement. A subject stands with
both feet open at predetermined distances according to a guide line. The subject’s arms
are naturally suspended. After confirming that the subject is in a natural standing po-
sition, the disturbance stimulus is given by dropping the swash plate at an arbitrary
timing.
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L7325, TR TO AN T— X & D, VAT ARENDZEIZDN
TIE 35 HIZB T D REFRERDZYMEDKREEIZ B WTHIHT 5. K DESI 57 % & rifL
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Fig. 5: Responses of Y-axis COP for 10 trials for same subject (subject A). This is an
example of the COP response in the Y direction under the experimental conditions of
Wide leg spread Lateral fall dropped 32 mm as shown in Fig.4. In the 10 trials, the
responses result in almost same responses that oscillates and converges within a relatively

short time.
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Fig. 6: Responses of Y-axis COP for 10 trials for subject B. This shows COP response in
the Y direction under the experimental conditions of Wide leg spread Lateral fall dropped
32 mm as shown in Fig.4. The responses also shows almost same responses that oscillates

and converges. It, however, shows slightly different oscillations with the case of subject
A.

(4 Subject C

Fig. 7: Responses of Y-axis COP for 10 trials for subject C. This shows COP response in
the Y direction under the experimental conditions of Wide leg spread Lateral fall dropped
32 mm as shown in Fig.4. The responses also shows almost same responses that oscillates
and converges. It, however, shows slightly different oscillations with the case of subject

A, B.
2.2.3 BEUBRETEIDERTE
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Fig. 8: Response of Y-COP by the parallel posterior fall with different dropping height
for subject A. As the height increases from H=26 mm to 58 mm, the amplitude of steady
state increases and the decay time tends to increase. When H=51 mm and H=58 mm,

the response tends to keep oscillations.
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Fig. 9: Time-frequency analysis of Y-COP of height setting for Normal spread condition
for subject A . In order to confirm that the frequency characteristics change with time,
time-frequency analysis is conducted using a COP response with time window of 1.0 sec.
Compared to H = 32, at 39 mm, there are low frequency regions at ¢t = 1.7 sec, 2.5 sec,
and 3.5 sec, which indicates that the attitude is greatly lost even after disturbance input.
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Fig. 10: Time-frequency analysis of Y-COP for an appropriate identification with the
Narrow leg spread condition. .In order to check the timing of the frequency characteristics
changing, COP response is analyzed by time-frequency with time window of 1.0 sec. The
frequencies with large gain are shown in warm colors and the small ones are in cold color.
This result shows that the frequency characteristics change significantly around t = 2.0
sec (arrowed part in the figure). Which means the human standing stabilization dynamics
change significantly around the time.
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Fig. 11: The COP response errors between actual response of the experiment and the
response calculated by identified model H(z) using the same input data are shown for the
different order of N(= M). This is the case of identification error in X-COP and Y-COP
of Wide leg spread and Narrow leg spread conditions. The order N which minimizes the
identification error is considered as the optimum order of N in the identification. The
range of order N = 60 ~ 70 has an identification error compared to others. It is not

plotted because it becomes extremely large.
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(1)Wide leg spread (2)Normal spread
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Width :10 cm

Drop
direction

Width :30 cm

(3)Narrow leg spread (4)Tandem&
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y j spread

U,‘)TWidth :
X 000 ., 7

Fig. 12: Standing conditions on the subject ’ s feet of the mechanical disturbance exper-
iment. (1) Wide leg spread, which is considered to be the most stable standing posture
having the widest width of the support plane along the disturbance direction (red arrow)
with foot width 30 cm. (2) Normal spread with a shoulder width (foot with 10 c¢m) in
the direction of disturbance. (3) Narrow leg spread with a foot width of 0 cm, which is
considered to be more unstable. (4) Tandem spread arranged in the vertical direction per-
pendicular to the disturbance direction, which is considered to be most unstable. Tandem
spread is the state in which the tip of the left toe is in close contact with the right heel

and both feet are aligned in a straight line.
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7% 1: Experimental conditions and subject information are shown. Three subjects wear
eye masks to block the effects of standing posture control based on visual information,
and earplugs is used to prevent posture control from the prediction of swash plate fall.
The fall direction is the left Lateral fall in the frontal plane.

Swash
- . | Fall | Bothfeet | plate | Trial |Subject:Height
plate .
No. | Subjects [Perception| ;o iy placement | height | Number /Weight/Gender
/Age
[mm]
1 Wide leg A:166 cm
spread / /650 6kg/ man
Normal years
2 Efesd <oread B:170 cm
A B,C | Close Lateral =P 32 10 /60 kg/man
& Narrow leg 124 vears
3 d 4
Earplug Sprea C:185cm
Tandem /85 kg/man
4 spread [24 vyears

=X OWERE (A, B, C) 1206 LTHR 1 OEREM CHILAINSE EiE B T3y, 2
EFRFEIZED 10RORITICE D AT —X%25HAIL, ZEEKZFEELZ0L%ZEN
FEAEEAFE U, EREMIIRITRT EO1L, IRTTAIVAZEHEEZERL, %
WO 4ODRMESRMEL L, fIAET GEFEE 32 mm) 23%E L 7.
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X-COP & Y-COP O RfEl##i % X 13 12l & U TR, AN LU Tk E T HERIEZ D
B 5500, FIFFE UEBEHREBEEE ZoTWnWd Z &, COPZbIZE L T+ MK
DIFFIGEIIZIEF UIGE LR > TWVWD I b d.
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FER L FARRAERP SN, ZOHEDRIZY-COPIREDRKEINRENWI LHRDLNS.
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Fig. 13: Force disturbance input and X-COP, Y-COP output for subject A with Normal

spread condition with 10 trials.
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Fig. 14: Force disturbance input and X-COP, Y-COP output for subject A with Wide leg
spread condition with 10 trials.
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Fig. 15: Stability index S for subject A by four standing postures with 10 trials. The
result shows that Wide leg spread condition case is the most stable one and Tandem spread
condition is worst, which complies with past knowledge. There is significant difference
between Wide leg spread and Narrow leg spread conditions. However there is no definite

differences between Narrow leg spread and Normal spread conditions.
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Fig. 16: Stability index S for three subjects with the condition of Wide leg spread and
Narrow leg spread. This result shows that Wide leg spread condition is more stable than
Narrow leg spread condition for every subject. It can be also seen that the degree of
significant difference differs depending on the subject.
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0.00 Sx Sy S Sx Sy S
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Fig. 17: The index S, Sy, S of Wide leg spread and Narrow leg spread for subject A. In
the Lateral fall experiment, the difference of the index S in y direction between Wide leg
spread and Narrow leg spread is large.
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Fig. 18: Measured response of X-COP, Y-COP for Wide leg spread and Narrow leg spread
conditions (subject A). Although the difference of actual responses for Wide leg spread
and Narrow leg spread conditions is not so clear in the meaning of stability, the index
“S” has clear difference between the two conditions. Which shows an effectiveness of the

proposing stability index.

= Wide leg spread
o Narrow leg spread

T T T T T 1o T T T T T 17T

Fig. 19: Example of pole assignments by identifications with Wide leg spread and Narrow
leg spread conditions for subject A. The pole assignments show that the identified dynam-
ics of standing stabilization are clearly different for the different standing postures. The
pole assignments also show that damping property of the Narrow leg spread is inferior
to the Wide leg spread condition, because most poles for the Narrow leg spread are

positioned near the unit circle in complex plane.
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Fig. 20: Actual measured Y-COP response and the response by the identified system using
the same input for Wide leg spread and Narrow leg spread conditions. The identified
responses of both posture conditions can be approximated with almost same damping
property of actual ones. The paper mainly uses the damping property as an index of
human standing stability. Thus it shows the identified system is valid for evaluating the

stability.
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Fig. 21: Swashplate disturbance response experimental device for measuring human stand-
ing stability. This device is almost same as in Fig. 2. This one is equipped with a laser
displacement sensor to measure the displacement of the swash plate. The subject is
standing on the swash plate. By releasing the support, the swash plate falls until it is
horizontal, causing height displacement of the swash plate and mechanical disturbance in
the vertical direction. The height of the swash plate is measured by a laser displacement
meter installed on the lower plate, the mechanical disturbance input is measured by a load
cell attached to the lower plate, and the COP response output of the subject is measured

by a pressure sensor sheet on the swash plate.
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Fig. 22: Experimental device for standing stability measurement. A subject stands with
both feet open at predetermined distances according to a guide line. The subject’s arms
are naturally suspended. After confirming that the subject is in a natural standing po-
sition, the disturbance stimulus is given by dropping the swash plate at an arbitrary
timing.
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Fig. 23: Simplified joint and musculoskeletal systems that affect standing stability. Con-
sidering the human standing stability, gastrocnemius, tibialis anterior, and gluteus medius
are selected as important muscles. In order to investigate the effect on standing stability
for the musculoskeletal system, different standing postures are selected for input-output

response experiments.
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EERVRL S e PRINS. TZTRRETD (a) BH% F (Posterior fall) (NP:
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Fig. 24: Standing conditions on the subject’s feet of the mechanical disturbance experi-
ment. (1) NP (Normal spread Posterior fall), normal parallel foot condition with shoulder
width spread with 10 cm in the direction perpendicular to the disturbance of the natural
standing position as a criterion for stabilization. (2) TP (Tandem spread Posterior fall),
the tandem foot condition arranged in the vertical direction perpendicular to the distur-
bance direction, which is said to be unstable next to one foot. (3) WL(Wide leg spread
Lateral fall), the vertical width of the base of support the widest along the disturbance
direction. (foot width 30 cm). (4) NL (Normal spread Lateral fall), normal parallel foot
condition with shoulder width of about 10 cm in the disturbance direction, which is con-
sidered to be more unstable than WL. (5) TL ( Tandem spread Lateral fall), the most
unstable tandem foot condition arranged in the vertical direction perpendicular to the
disturbance direction.
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ANEL G E) & X A L& U 72 (5) & > T A gt (TL: Tandem spread Lateral fall)
BEt bR ERET S.
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7% 2: Experimental conditions and subject information are shown. Three subjects wear
eye masks to block the effects of standing posture control based on visual information,
and earplugs is used to prevent posture control from the prediction of swash plate fall.
The fall directions are posterior fall in the sagittal plane and left Lateral fall in the frontal
plane.
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Fig. 25: Order of identified transfer function for various standing position in the mechan-
ical disturbance input and displacement disturbance input for subject A. The order for
the mechanical input is about 10 (excluding the Tandem spread Posterior fall), but the
order for the displacement input is about 60 to 100. Therefore, the standing stabilization
dynamics of the mechanical disturbance input and the displacement disturbance input

are different.
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Fig. 26: Measured response of X-COP, Y-COP for Normal spread, Tandem spread for
subject A with mechanical disturbance input and NP, NL, WL feet conditions. The figure
shows that almost same responses for the different falling direction NP, NL, however,
shows that there is some differences on the responses of NL, WL conditions. This means
the difference of falling direction is not so much important comparig with the condition
of feet width.
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Fig. 27: Pole assignment of X-COP, Y-COP for Normal spread, Tandem spread (for sub-
ject A, mechanical disturbance input). The polar distributions in the x and y directions
are distributed on the origin side for NP and on the unit circle side for NL, and the stand-
ing stability of NP is slightly more stable than that of NL, and no significant difference
appears. There is no difference between NL and WL for the poles in the x direction.
The polar distribution in the y direction is closer to the unit circle in NL and closer to
the origin in WL, indicating that the standing stability of NL is worse than that of WL.
Therefore the standing stabilization identification dynamics also differ depending on the
foot width.
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Fig. 28: Optimal order transfer function for Posterior and Lateral fall (for subject A, B,
C, mechanical disturbance input). The order of the Tandem spread Posterior fall in the

frontal plane direction (x direction) is prominently high, and other than that, it goes low.
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Fig. 29: Swash plate disturbance response experiment. The disturbance application de-
vice shown in Fig. 21 is used for the experiment, and the EMG (electromyography) data
attached to the muscles of the lower limbs of the subject is stored on the PC. The me-
chanical disturbance input is measured by the load cell attached to the lower plate, and
the COP response output of the subject is measured by the pressure sensor sheet on the
swash plate.
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Fig. 30: Musculoskeletal system depending on the direction of fall. The ankle joint, knee
joint, hip joint, and spine are the major joints that affect standing stability. The muscles
that are expected to be mainly involved in these are the medial gastrocnemius muscle
(MG: Medial Gastrocnemius), the tibialis anterior muscle (TA: Tibilialis Anterior) and
the gluteus medius muscle (GM: Gluteus Medius).

T, BIRBZEAFIZAITLD e MM ZEMKAF I T ADEREL TWDE Z & 2RI
LTW3.

Z I TARETIE, REBES DR LD HEREMIZ L DAFISEFBIZ LD, EHEET)
PECEITIERT 225, 22 TlE, BiROHEE» S HEED (MG), BIER (TA),
A (GM) O EAIAE 6 AT (MG1, MGr, TAr, TAL, GMr, GMI) T2 % % il
5. —HlE UTHPEERS (MGr) & GRIEE S (TAr) &9 2 REAEOM L 2 > F i D
M7= AiE % X 31 12R T

ERREML LTE, M30DHBERYATLAZZE LT, EERELEFNAMICETS
G224 &35, FETROBERZREZK 301ZRT & 512, RRERMZ ERIZY 25
fIEIZT 22K OAERROBEVELLZEEZ, () BAETEL b)HAETD 2%
HEFET 5.

IR EFLER RIEIZ LD, & PRI R 2 HEER0Mi< L B2, £THGE
TIZOWTIE, ANELEA I R NI 2 10cm (2R, BIERRE L U7 (1) @17
JEGf (NP: Normal spread Posterior fall) 23 &E3 5. £ RICIREARLERRE L L
THIS N A ANELA FIMEA FIZECE U 7z (2) & > T L (TP: Tandem spread Posterior
fall) Z 8 ET 5.

A TIZDWTIE, VALREDPRBLE L F X 6 NBHEL IR > TR K O

54



Gluteus
Medius
(GMr)

Tibialis
Anterior

(TAr) Medial

Gastrocnemius
' (MGr)

Fig. 31: Location of EMG detection sensor. The positions where the surface EMG detec-
tion sensors are attached to the right Medial Gastrocnemius muscle (MGr) and the right
Tibialis Anterior muscle (TAr) and therught Gluteus Medius muscle(GMr) are shown.

7% 3: Experimental condition. Three subjects wear eye masks to block the effects of
standing posture control based on visual information, and earplugs is used to prevent
posture control from the prediction of swash plate fall. The fall directions are posterior
fall in the sagittal plane and right Lateral fall in the frontal plane.
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NP TP NL TL WL

Fig. 32: Stability index S for subject A, B, C. The standing stability index S with NP,
TP, NL, TL, WL conditions. It shows slight differences for the fall directions (Lateral or
Posterior). It also shows the conditions of normal (NP, NL) and tandem (TP, TL) foot

arrangements affect standing stability index S so much. These are almost same for the

subject A, B, C.
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Fig. 33: RMS of the surface EMGs of lower limb muscles for subject A in Normal spread
Posterior fall(NP). Root Mean Sqare(RMS) of the surface EMGs of the right medial
gastrocnemius muscle(MGr), right tibialis anterior muscle(TAr), and right gluteus medius

muscle(GMr) in subject A’s Normal spread Posterior fall(NP) are shown.
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Fig. 34: Max%MVC of leg muscles for NP, NL stance (For subject A. caption”r” right,
"17 left. ). The max % MVC of each muscle of subject A (indicating the maximum value
of % MVC for 2 sec after disturbance start) in NP and NL with different falling directions
has a small difference in surface myoelectric potential of about 0.1 in each muscle. From
this, in subject A, the usage of muscles is almost the same for NP and NL.
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Fig. 35: Max%MVC of leg muscles for NP, NL stance (For subject B). There is a difference
of about 0.4 between the NP of subject B for the right gastrocnemius muscle (MGr) .
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Fig. 36: Max%MVC of leg muscles for NP, NL stance (For subject C). The max % MVC
of each muscle of subject C in NP and NL with different falling directions has a small
difference in surface myoelectric potential of about 0.1 in each muscle, although there is
a slight difference in the right gluteus medius (GMr). The max % MVC of each muscle is
almost the same for NP and NL. From this, in subject C the usage of muscles is almost
the same for NP and NL.
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Fig. 37: Max%MVC of leg muscles for NP, TP stance (For subject A. caption”r” right,
717 left. ). Among the max % MVC of all muscles of subject A, the maximum value was
about 0.45 in TAr. The electromyographic activity of TP increased by about 0.2 to 0.3
with respect to NP, except for the left and right gluteus medius(GMI, GMr).
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Fig. 38: Max%MVC of leg muscles for NP, TP stance (For subject B). The maximum
values of NP and TP are max % MVC of about 0.9 in MGr. In the left foot muscle group,
max % MVC of MGI is the highest, and TAl and GMI are similar and low. In the right
foot muscle group, the activation of the right gluteus medius (GMr) in TA is remarkable.
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Fig. 39: Max%MVC of leg muscles for NP, TP stance (For subject C). The maximum
values of NP and TP were max % MVC of about 0.9 in GMr. In the left foot muscle
group of NP and TP, max % MVC of MGI is the highest, and TAl and GMI are similar
and low. In the right foot muscle group, the activation of the right gluteus medius(GMr)
TA hardly appears.
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HRER Y AT L OB EANM e EZ ERIVIZFTiCE 22 EA6N5.

4) BHRE T ETHNEE & ot

COP & %2135 7-DMHL TV HERERM/T ¥ VY IEZ OMERAL S, F—X
Yo7V TREERIL66.THz THD. 7+ — A2 HIiZk D COP %25HHIT 5 Hikn#
ZoNDN, REHRFOEHEMEIZLD 74— AV IDPIEI N D% <720, T
OHBREAMMTEL VY 2FHLTWS. — /AT, WFAILERET 5 720 ORKE HR
DFEIE, HIREOEBMEICWNA ONSIT—RFELVEIOHELTWS. #£-T, M
EMEOENT A=A VY EHAWEZ LT, L0EWY YT Y TTRRTCHIETE B
REMER D D . Z NIFAIEEZRER O FE SR E 2 BB S5 2 LTk 5.

E7-, TONEAELAEROY > 7)) ¥ T RREEITEAR, TR o3z kB COP EHI
LEIIZETED, 66.7THz 72> TW5. ZIVUXME RN 72 AL O & sk o % iR
LTWBATREMEDS D 5. FERIEE TIEEBIIZE AR RS 2 BERICRET 5720, HE
BAlZ HE UT TR ERICES 3 mm O TALRZA DI TWS.

6] D 72 & OEAARA 72 JHEAELA TN, 1 27V RE ULLIEAT TR - 2OV 2RO
LDEFEASN, ANLIZE T 2 EEEKTIFEEEEZONS. ZORNPSH, Al
HTF=2DY 07V VR EED S Z e DECHER LED-DIIpErEZ 55,
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