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Abstract

This chapter is concerned with our experimental works and

the results obtained by statistical analysis to find the opti-
mal stimulating conditions by our electrical stimulator to
best help communicate sensory feedback information to the alive
physiological system of users.

In addition, it has been tried to find out the maximum num-

ber of stimulating levels by the electrical stimulator, which

can be safely discriminated by our human subject. Then, it has
been found such a maximum number of levels to be around four
for the cases mentioned in this chapter, irrespetive of so-call-

ed Miller's "Law of magical number 7", i.e.seven levels.

Thus, for our sensory feedback devices, it has been decided
to use "four discrete" stimulating levels at each electrical
segment offered by the electrical stimulator, to constitute

our sensory feedback loop.
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23 HEABSISHARREO eyt
2.3.1 #EXEREORE
EEERIS AR ERT 525 4 — 21k, ~AAME (msec), BIE ( PPS), ~<Ax
B, ThRbbEENV)D IETHS, QT E2 I BUCRLAEERFERL ., <128 & BRI
PEBCBTLHNMEBETARANCERE, ThbbitNBEBE2RET 2 /ETH Aok,
WEHRZBESZ 0 VA bRAk EIFCv&, MIBEECHD 2ROEE, BIUEEEZTY
THIBEESREET 3BOBEOMEBLTLRT 2 0bw 3 L, THEEERAL -, BERFERD
REBRE B GRTav, 2 B HURBIERESTR 57, ‘
B <7 2 —2RAFLKERUTOEY TH 5,
H | @ @ | 2k (H, ~ Hy : KRGS, H, ~ H,, : @55 )
Ayt RIBEROL 4 Kk%E (A L KBERTE, Ay tPIBU, Ag: 5B, A, %, 72U Hy~Hy
AW e cBIT B 4 y TR S 8 KHE)
B Ao k#E(125, 25,50, 100, 200 PPS)

Crp 7 vRAIB5/KE (001, 0.03, 0.1, 0.3, 1.0 msec)
ﬁﬂa‘%ﬁﬂiA‘j (ay ) BB¥ 5 ARMEBTEH 2.5 Ko R o T ORBHANZT ., F 3B THNS
LICBRCHBERBR 7 4 — V3 7 OFEREE RO BETTH R £ L dWATL CHTHER
MAaBREOBIRELZ.

Ry 4 e L, %1 BHEHS
U BRE R L Lie, £/ EERFL
TERIE CHUEEOELE 1 B o#HlE
BEL,

HET — 23, 3 TLECESEESITIECHE
STEREL I, ZORBEEHL 1 BICRT
FelELE 2 1 £ TIRFRAEIEMRLTHK S
ETHd, FoLILOKERPENTB L,
LToL5B T 8005,

(1) v AR AHEN B i L CRERER
‘ BEEESRTWD,
F25R A (BRI ) (2) [HAZE X DSBS L DEBED HAK

THoo



(3) BEEICBAT 5 F ~ LR EPR, CHTFXEFRLIBRTES L £ Th 5,
W F21RTRAS PRI EN TRV, —RICHIHIR O M BIE @ F B ARRO 2h o
L5 fFEREV .

F21% HExEECET 5 3TEBIESTE

[1] At Every Subject

Main Effect 2-Factor Interaction
Subject A B ] B BxC AxC
* %k * *% x %k
H1 46.265 2.599 283.164 0.557 0.302 8.097
*k *k * %k
H2 69.164 1.207 195.383 0.353 0.216 2.988
k% * %
H3 95.454 1.619 280.419 0.426 0.077 1.641*
* % Ex
H4 43.953 1.348 | 181.915° | 0.134 | 0.185 | 1.965
*k *%*
H5 45.069 0.773 | 183.159""| 1.176 | 1.001 | 1.785""
*% * *k * *k
H6 30.357 2.375 277.397 1.220 1.821 3.135
*% * * %k * % Hk *%
H7 20.204 2.125 515.926 2.060 1.908 4.555
* % * %k * *k
H8 14.506 2.161 121.036 1.744 0.853 7.979
k% *% *
H9 34.953 1.348 181.915 0.134 0.185 1.615
*% * % * * %
H10 14.774 1.797 219,020 1.008 1.787 6.127
* %k * %k * %
H1l 53.141 1.013 167.145 0.619 1.035 2.501
ek **k * *
H12 53.297 1.654 60.686 1.960 0.308 1.677
[2] At Every Region
. . 2-Factor
Region Main Effect Tnteraction
H B C HxC
*x % % **
Al 131.070 1.928 372.170 6.901
*% % %| *%
A2 82,265 1.827 176.838 7.021
*%k kK * %) *%k
A3 501.554 3.161 13130.041 32.758
*% * % * % * %
A4 518.657 9.733 486.823 19.556

* 5% significance,** 1% significance.



1] Regionsi

(H1] [H2] {u3] [H4] [H5] (6] [(H7] (u8] (H9] [H10] (H11] [H12]
A4(59.8) A3(74.0) A3(77.2),,A3(47.4),,A4(50.4) A4(46.1) A4(45.4) A4(35.5) A4(47.3) A3(38.6) A4(59.9) A4(64.6),,
ad(59.7) a3(73.7) BA4(75.2) A4(41.1),,A3(49.5),,A3(45.8), A3(44.3) A3(35.3),,A3(46.8),,A4(37.6),,A3(58.3),,A3(48.2),,
a3(58.3) A4(72.1) ad(75.1) AL(39.7),,Al(42.2),,A2(42.1), Al(43.1),,A2(33.9) A2(42.1) A2(35.0),,A2(49.2) A2(42.3),,
A3(56.6),,a4(69.4), a3(75.1),,A2(35.9) A2(38.5) ALl(38.2) A2(38.9) Al(31.3) Al(38.2) Al(28.9) ALl(46.9) AL(38.6)
A2(46.6) ,,A2(63.7) A2(70.0),, *1.98 *2.41 *3,71 *1.78 *1.46 *2.09 *1.46 *3,08 *1.30
AL{41.0) “al(62.7) al(60.0) *#*2.62  ##*3,21  **4.94  #%2,36  *%1 94  #*%2,78  *%1 .93  #*x4.07 - **1.74
al(40.8) a2(61.7) a2(59.0)
a2(40.5) Al(60.0) Al(57.9)

*2,27 *4.65 *1.46
*%2.99  *%g,19  *%1,93

[2] Pulse Width

{H1] {H2] (3] (H4] (H5] [H6] [H7] (8] [H9] [H10] {H11] [H12]
CL1(90.5) ,4C1(85.3) ,,CL1(82.6) 4,C1(57.0),,C1(45.3),,C1(67.3),,CL(49.9),,CL(66.0), ,C1(64.6),,CL(66.7),,CL{67.3),,C1(44.6),,
€2(69.8),,C2(71.5) ,,C2(71.8) ,,C2(43.0),,C2(34.9),,C2(51.1),,C2(38.6),,C2(48.5),,C2(49.0) ,,C2(52.0),,C2(49.8),,C2(34.5),,
€3(62.5),,C3(45.9),,C3(67.0),,C3(33.2), C3(31.3),,C3(40.5),,C3(33.0),,C3(40.8),,C3(38.1),,C3(44.4),,C3(37.6),,C3(32.0)
C4(57.4),,C4(43.0) C4(54.6) C4(30.8) CA4(28.7) C4(37.2), C4(30.8} C4(36.7), C4(35.0),,C4(41.4) C4(32.6) C4(30.5)
€5(53.4) C5(42.1) C5(53.6) C5(29.8) C5(28.0) CS5(34.7) C5(30.3) C5(33.8) C5(30.1) C5(39.6) C5(31.5) C5(29.5)

*1,46 *2,61 *1.63 *1.98 *1.46 *3.08 *1.22 *2.69 *2.34 *1.46 *1.99 *1.63
*%],93  *%3_48  **2.17  *%2,62 *%]1.93 *%4 07 **]1 .63 *%3_58 **3_11  *%1.94 +%2.64 *%2.16

[3] subjects
[Al] [A2] [A3] [Aa4]
H 2(60.0) H 3(70.0)——————H 3(77.2——H 3(75.2)
H 3(57.9):::>‘<:::H 2(63.7)————H 2(74.4)————H 2(72.1)
H11(46.9) H11(49.2) H11(58.3) H12(64.6)
H 7(43.1) H 1(46.6)———H 1(56.6) H11(59.9)
H 5(42.2 H12(42.3) H 5(49.5) H 1(59.8)
H 1(41.0 H 6(42.1) H12(48.2) H 5(50.0)
H 4(39.7) H 9(42.1) H 4(47.4) H 9(47.3)
H12(38.6) H 7(38.9 H 9(46.8) H 6(46.1)
H 6(38.2) H 5(38.5) H 6(45.8) H 7(45.4)
H 9(38.2) H 4(35.9) H 7(44.3) H 4(41.1)

H 8(31.3) H10(35.0)———H10(37.6)————HK10(37.6)
H10(28. 90— H 8(33.9)—— 1 8(35.3)~———H 8(35.5)

(BE% 1 yop ‘BH% S 2g) RAFRB WA LHIDBENH BITH



iz, 21 RTHEAZED ) LHEShEZRT Hyy A;(ap) Cp Lie2&, KEMOF

BEBREE TR oMo ERF22FKCRTHAITHY, ThEVUTOZ LBBEL, LR 5,

(1) &bz Aj (ay)

BRBRELEL . KB4 EmoRERIIE -"RAlo 7v—-7L | BE A0 7 —-TLicK
BlF 52 LATE D, 7 MRBCEINL 2 RBERAT ), ORIER, & h 2 BT 5 AR 4 &
DEEL L —HKLTBY, H25NT a) B A D, ag 3 Ay OBE L FEFE—k%E
EHDT XD BRYMTE LM RO LEH AL LITLBIC & - G e R s n T
WHEEEEL TR I EPRERESRL TV,

@) 2@ C
SHEBEORBENE—EHAEZRL, ENEERSA 5 VABROEENREDLHTRENVWI L
RE22RTIRENT VS, KM Cy  CyToRKRMER 5 BHBUTICHTT 58
BABD S, A4 ARERICH S ENBEEOCRMMEEI TR I NS,

(3) #eBrE H
HERE Z L ONAATIE, KRR 41 ( ap ¥ & )28 UEIBAICE R TH 0 . HEBLCHL
TOHZBEC R PBELRTHEBEIVEZVEVS I EHTE D,

2.3.2 LtRAEODORAE

B2 3. 1 H OB~ BE e L, ERREME & i3RI R E TR ESNARBE 2L D

HLTEVWOZ LR TELD, XL ~AKEEO R V- T \ RELOEREE HHEET

BT EBEECEHOBREZINIESD A2 LA TE, KRBREN—Bcoakbh

Tt SIEEL TLEHII L8 B3R LRERET I LI —RICRETH 5,

TDEIRPAEERBCANT, AR TRRD &5 R HETEBERELAIE L, £ THED

FRABRENZLLINRLETS &4 LLTHE L, EBAZERBEFSNMEBOEE 1§

W+s- L TCARTBIE L, HIERSAAREEEREEEL, BEER 22 EiF Ty

Bk, BE L BEHEEEL S AR BEHIL T < FES XU, - BEE TR

EIML TV BHEO BRIy, BohiFBROI B 5 LA EY, ThbbELH

RIEWHIERE % EREEOHEME L L, BIEHEREBEITCBEL, 23 1 HOBF LA~

D5 2~ FRFEKETEBEL AN OKERER 23 RCTT,



$£23% LRAMBCET? 3 TRESHSTE

Subject - Main Effect 2-Factor Interaction
A B C AxB BxC AxC
*% *% *% *% *%k
H1 141.222 19.349 175.208 1.845 0.939 19.466
*% *% *% kK *%k
H2 54.185 26.579 111.724 2.619 0.852 1.708
*% *%k *%
H3 10.147 4.642 243.791 0.041 0.297 1.069
*% k% *k *% *k
H4 136.870 17.106 57.517 1.422 3.228 17.693
*%k *% *% *% * %k
H5 16.667 96.041 176.537 2.097 22.686 11.520
ek * *% *% *% *%
H6 16.701 2.055 62.565 2.253 2.304 6.208
*% * *%
u7 9.969 1.942 5.109 1.041 0.998 0.965
*% *% *%k *%k *k *%
H8 30.628 47.227 132.784 1.962 5.849 7.058
*k *%* *%k **k *%k *%k
H9 11.222 8.505 88.793 [10.060 1.781 2.250
*%k *% k% *% *% *%
H10 10.698 7.111 93.618 9.653 2.542 9.801
*% *% k% *% *%
H11 13.173 26.661 106.938 4.117 1.362 1.773
*k * *k ek
H12 ©| 54.036 2.202 372.063 0.247 0.554 5.654

* 5% significance,** 1% significance.

Fo3Ricrhid, EREETRBEBOFEOERENREN, SV ABICETSF —tho
@ﬁ$21§foﬁiD%%mébmtorwécaﬁﬁméo%Kﬁ&kiﬁu\L@Eﬁo
BUGE CHELERFE ERE—T 5 2 L0 BL <, B ERREL T, ZOL 5 BEREMSET 5 2
PETEEWD, B2 3RABEED H2ERF SBONLBERTEA V. ¥AF 2 2R TR
Ul & 5 B 4K MO BRERER . ERMECRE—IIC TR > T av, 22 LR S
ShABEZENT 5L, AEEI>VTit By By (100 PPSE200PPS) oXMTI%
%H#@ﬁ%ﬁﬁ%ban\ﬂwz@tomrd\CMD%MTLE%@d$%ﬁ9®Eﬁ%ﬁ
T LEBED SN, ‘

2.3.3. BRABMONS X—5 LBERHY

Bi23.1, 23 2HTHECMEL LREEZHEL &R, EXREO <7 £ — & LR
LOBMRIBIZEREL N LRS-, K23 3HTRINBKE AV TOES S CHEMNRBEREEE
9o

EF 0 AN L AENEIE L OBIRICOVW T, B 2 2K CREBRESR —ROBEAYTRTZ
LERERL TRY, FBRESRAUI LOXEFEHEZEL 2L L, —BRIOFELEL Z 2239
BETHDo AP TR AN LEHBA & U H T SBRR LD L5 53D THB M ERAL .
EEOBYE & EE L &R,

y=a cothx+4, a, B

x AR (m sec )

y tHEEEE ( volt , V) (2.1)



B, BESFI 23 - LA B BERLEIERATHIZ L ERHLE, ZZCa, foiEl
a, Buaglasiesicy

— 2 y;2coth x; — n 2 y; coth x;
a =

( 3 coth X, Y¥—nx cothzxi

9 (22)
z y; coth x; Zcothxi -2 y; Fcoth™x;

n
( Z’Cothxi)z— n ¥ coth? X; 727U nxEiER. E&iiiléfﬁfﬁiT&o

DXL TRDOEND, Bl 231, 23 2 THE AV - 8ERE 1 2 /K%, B K,
RUBERG 4 (U 8 ) KHEDEE 3 0 0o F —2 2w, &, BEEbT5 L, z0@ER
a=0305(0109~0448)
B=3608(21.58~4872) (2.3)
DEHIKD BN, 72720 (YRR, SHEBREZ LICROBROBOREAETRT,
ARl T, LRBELE AR OBKE, EAWEEER.

V= i—i—b (24)
X a, b ER

x ¢ SAAE (m sec )

Y : HRREME (V)
T, bo kb IS HERLEBAZLERM LA, 22 Ta, bOHSEM a. bid
¥; Y,
Tyl - Iy

CE BRI (25)

a

1y2_yYigl o
s ST e O L niEER, S BE%T 5,

<z§»2—nz<%>2

DXL TRHZZ EXTE, ZOHIT

2=450(281~885)

=306 (424~2T74) (26)
DESEEHEhE, (21 )~(26 )ROBFRERRT 2L, H26N2EB5, 26Kk
EEE L V@<, EREEI VIECE -2 BORMEFO®ME . 2EBRECBHET 5 X
IEHDILEHRELVWILERLTW S,



8.85

v, =88, 44
v, = 4.50 , 356

150- X
v, =28 4 274

3 X

¥, = 0.448 coth()+ 48.72
¥, = 0.305 coth(x)+ 36.08

100 Yy = 0.109 coth(x)+ 21.58

threshold Y,y (volt)

X o A
R

23‘4" upper Iimit Eﬁ;eshold
N = ——

XA N L
O AT X XS mo’at of
& 4&14“‘.“‘4‘?“:% W‘:f"’

0%
55 3
absolute threshold \\\\\\\\\\\\ \\
y3\ ALLTETEEE R SRR R R E N

1 ] H 1
0.1 0.2 0.3 0.4
' pulse width x (msec)

B2LOE 00 LB (B )

e, “AABOBRBEEFC OV TR, fﬁ}li 5 G)ﬁi.t%ﬂ{ﬁ!l%’ﬁmﬁﬂi%ﬁ# & -3V AHR 0.1m sec
S CRIB = ¥ —BEBNC BT LERDTE Y, M (— ) D 2EEE (chronaxie ) &
FEEh 5 AN 2 E L OBE T, L OEBRERORZUHELH N TV 3,

FFR T, FHEDEREERNRE LT A0 1 m sec DRBEAN L 5h ¥ 5 b ERER
T3, BR LA UME 3 BOWA S yAHIC 2SO EEEBROBR 2172 > o ATFE
TRE2LTH Q) ARTRES B LD, ¥EOREEEMMREO 4 ¥ v R a7 LomEi - EF
Bt BEBHL, MEEOEBEOEMLS, 1 A AR IDRB = I A F—2HELZ, =X
NE -l AVABZRL TS ey PLEERO—FIZE 2 TR B Rt , TOMmOFTh <
VAR 0. Imsec EETHB =RV F —@ZB/MNARE->TWB Z L FHEREH, TREMRBENSR
EUIBED <A AT 0. Imsec HEESRBETH S Z L BEFHETEI S hi,



3\ 1 KQ +
————— MWW\ l
Gl _J\W,_ nt ' 0
ool |1 b o ]S
T
r/ subject

(A) 8l & #H &

energy (17J)

pulse width (msec)

I I T | 1 1 ) I S T I |

0.1 1.0

0.01
(B) ~SAREERE =51 F—

2T BH—ARAYY)DORIE = L F —

BT, ABBEEMHE 200 PPSEFBE T, RBEERECEHERIRELEAZVWI LY
EHBELXBEUCHER I, 202 LREHMENEEROSHAT TEIHL2CEINAZ LT



BHB0, AME TR ELIE 28N (A) Rt X5 2EBEDE— VA 2 FHVESEENE
2Tk ot TOKR, BL3M B) iRt Lo, WHAA 2D t, m sec 2% 4m sec
X VRETNTENBRER—EL A tp LIRBERTHE LI L0 ol BT ty 2
dmsec L VNSV E, MBEFINETHLLERALEALS AV, KEs 57 —2d—EL AL
2B LB 5T, BRESRT 4 meec ZWET B L, FEIK2 5 0 PPS <A RF L BA5,
DX CECEERORBENMT S &, TARAAAFITHEI L EBAMLBR L &Y EF
MAEBEREERT, HIRMEIE 252 LAERSh .

o .

single pulse pair pulse

(A) H—s 20

Wt . absolute threshold of single pulse (t0=0.l msec)
of pair pulse (tl=0.05 msec)
of pair pulse (tl= 0.1 msec)

50 o

30 A

0 1 2 3 4 5 6 7 t, (msec)

(B) B A L WFE < A D HEHAE

B28E A AFIKRRRRR & HETRaE

2.4 BEESHAREORBHYESED 7 9 10

RI2. 38Tk, BRRIBM<T 22055, BREOANEHICHABTES 52 —52TH D,
200PPS HEAE CREMTEBILERLL, ko TAEITIR, BENKIT CRBMREED %
BBV FIRETH DO V5 e BB EOERZGT RS 6D LT 5,

2.4.1 FEREHRT TO®RX#REED

FBERTG T O BBIBEN E AT o BFic L VEE L 72, £ 1 0 PPS 2252 0 0 PPS%E



TERBABRLETEESFLTELIS TEROBEREEEILAV, (10, 165, 27,

45, 74,121, 200PPS)

TIZICRAEEO TRE10 PPSKEDZDOIE., ZHLUTTHBEIHETIRNDLIIC0.5sec
BE O EREENO BRIEZCERZE IR VD TH D BEEEZ VP AEO Imsec, T
FE45VicH—Liko, BIZERIEE6 V) - Xkl -7,

FIEBED YY) - XA CTHERER THERLBVHL, T0 500 T BEICS v 44
KERTAILECE-T, BERENVThTHE» 2 AETHHETHAREER 2T -, HIE
L E, EREFBEBCH L 2EEO BEEEERECOEH TR LD I L L L, H1EAD
V) — ATk

71
ﬁzzr(7_2)’2! =21 (2.7)
02 1HOHEERET R -7, AL TE2HBO ¥ ) —X T, EREFIERD 3EHE
DEBEBFELRUBL, ThE 7 v 2 BRECERRL . #REBRX TN IEHEOVWThT
HEPEHETD LV FETHEERY TR~/ UTRBECLTERBIBDO > Y — XTI T
RO BERRG CRIEER 2T oo & » THIEEBROMBBUIRIBERA 1 7 Fric &

3 3 7! (2.8)
C_ = —_——— = 1 2 0 2.8
97 Z2 (T=r)!r!

TH 5o

Wiz, {FY) AT EEREEHL , ATEBREZBI TEERBREL RO, TITA
TIEHRE L. FRESEHL -BEROEEE bit symbol TRHLLALDTHY, FnlH
Bory—Xcix(n=1, 2,6 ), (n+1 EREOBEEEZRT 505 ANERE
(1.1.A; Input Information Amount )i

I.I.A=1log,(n+1 ), (bit/ symbol) (29)

(n=1, 2-+ 6)

THEHINS, ¥/, EEE®RE (T.1.A; Transfer Information Amount ) B& ¥V — X
ZEoEER (R.C.A; Rate of Correct Response ) & AJJERBELBIGLETRE S,
BONIKRO —FIZE2 9 IR Y, B2 INTLE 2 HjA, Lid, Al 2. 3. 1 BTN
BRE W7z 7 2 — 2 RF L ARETORERE H (LIE ) 030 A (imsSkE B Eb¥,
B2 IMTE, ANVERESENT 5 icoh, CEBRECENS LLAB T sEacs 5
TS D, B2 9RE VHETL TAERER 2 bitsymbol, Tihabbt4BEEEIR
BTHDEVHIILHTE S,



:‘\ —_—
é ®
3 ——
% g I.I.A. ; Input Information
Amount
% L ' .
a8 g T.I.A. ; Transfer Information
22 " Amount
5 8 R.C.R. ; Rate of Correct
,% ﬁ Response
- 8
s}
Sl 9
g 8
g :
Sl ¥ L | ! : T
1 2 3 4 5 6 7
Stages in Frequency Dimension
HAy HyAy

F2IE RBEEXTOEHEDIGEN



2.4.2 WEREERIATMNER

A2 4 1HAOKE 1 BB OWE ¥V — A LRAEOHERIC &9\ BEBIOT COMAHRIIGET 20
EL T,

MRl EGE Lk, A EEREMACKL ., HERIBBRE PN ARIBCER LS, A,
BRERIB2HIL B A3 0 2HETSE0EV I, HIECEE 2 1 NTTRL 2UEEB LA
—DBDEISIIBER L, EERNMEKT 1 4EB (10, 15, 20, 25, 30,
40,50, 60, 70,80,90,100,150,200 PPS) L7, RBOERE
HBixzA, ByvEakl, 300ER, 1 0KREEZRIEL 2, HIEER» S X Y E#H
irE®E IR( Information Rate ) #HH L7,

1 1 1
IR=142{ (P, +Z )logy 75—+ (B +Z,) log,———
21 a b2 (P 4 7)) b "l TE2 (B +2)

/R (210)

1 1 1 1
A logZF -2, log , Z_a - B 10g213}; = Z,log, —}
a

IZT PR ZBenTh ARSI T 5 EERLZER, P& 7, 3 BRIBUCBIT 2 EEEKL

PEREEREDT, FBlO <5 2 — 23 VAR Imsec, BE40VES O VERALL,

PIFE MR [ ZERHRIC L 8 [HE L, T2t RIS B 0 BRSO AR A0 B i

BroBNL T BEL, AKBAL T BEE LRERIL THRFIc>&5H 4@, 40V E

50 VOEHETHEEL 7,

wiz(210)RT, TR=05kMMT 554 (RB ) BEKF &, 2oL oWk (RE)

B e PO ENF L ERD T, TOAF B AEBRTTICNT 5 5 0 %A HZER, NDy,

( Noticeable Difference 50) LEZZLicL X%, | ABBEOFIENTBAF, ¥4abb

NDgy & 7 & o FLABIZSE 2.1 0 R,

H210XEY, AEBFA10~200pps DOHEETIE, AFLF Lol
AF=t(F)=C.F (Ciw#) ' (2.11)

ABBERROV DI LB, BB, H2L1 ONTREREOARCIE - & & 22 HER &

bt BRHrRBEIEME ZTRL 2o

(21 1)RX VBAEREER,  (bits)iX

logo{ In(fy) — In(f)) }  (bits) (2.12)



TEZzbhd, 1L IiZESRIBERE
OHEE, Thbb f; ~f, ppsoBEEEK
b, Bicdk~ek5iz, £,=10 pps

N
o
[=]

T 1rrri

2 fo=200pps LLTWBRL, (2

Qu

s | 12)Rix 1

5 T nmn=75XL583 (bits )
§zo_ (213)
[£5)

& LAY, 21000 2Xx0ERIZ, Fh -
— [ ]

10 - / . FNC=0.7TFEFC=05ThHEhE
gi : / ° H4A2 : % b‘
EAN 1 BaEBSEER
z [ | N R |

10 20 100 200 Hi AT np,.=226 (bits)
FREQUENCY F (pps)
HA T n, =317 (bits)
%2. 1.0 RAWEHF &ﬂﬁ%E(NDSO)AF (214)

LRE D, Tib b EERIGE CoRAEREZRRI~5 (=22~ 22 Y amwcrs c
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Abstract

In order to improve conventional prosyhesis to be alive and
physiological, and thus improve the adaptive capability of pros-

thesis to respond to the environomental walking conditions, it

is necessary to suppliment some useful feedback.devices to the
lower prosthesis.

The author has first tried to take up this problem and suc-
cessfully developed practically useful prosthesis with artifi-
cial sensory device. Namely, the author has developed sensory
feedback system which transmits information recieved by the

artificial receptors fixed at the shoe-sole and knn-axis of

prosthesis to the residual thigh by means of electrical stimu-
lation.
Furthermore, the author has contrived to set up clinical

evaluating procedure to verify the validity of sensory feed-

back system. Upon evaluation through the above procedure by
several amputees, considerable effectiveness has been confirm-

ed, which are reported in this chapter.
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Abstract

In this chapter, stability has been considered concerning

prosthetic gait with the artificial knee-angle feedback system.

For biped gait, the swing leg has the more important role
than the stance leg. But, in an above-knee prosthetic gait,
learning control of a prosthetic knee is the most difficult
task for amputee. Then, the swing motion was observed, and its
performance was described with 4 parameters.

Based upon the theory of learning control, the simulated

experiments were performed, assuming the process of the ampu-
tee's progress in his gait to be the optimal feedback gain
adjusting process. Furthermore, stochastic fluctuation has been

superposed on the model of this chapter, concidering the uncer-

tainty introduced into gait state variable in each gait cycle.
From the simulated experiments stated above, the validity

of our modeling and analysis were confirmed.
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D=(b,C) u=(M* , F*)T
Lindo ferglay B, >0(i=1,2,3,4 j=1,2) Thd,
ZZT, BHEEORREN 7  AX 2 BREMNICESORE~BE2 55, (4.8 )%
DROTFEEE R T 5.4 BEELTVEREAKTH S0
rank [ D ,AD,A%D ,A3D =4 (49)
HEFIED 2D D RE AR TH B0 4 X 8BDFTF (D, AD , A2D, ASD O BEHA 5 Ll T
BOZ L iEBASHTH B



Det(b,Ab, A%b, ASDb)
={ 8,(Bya, + Byay) — By( Byt Bray) }2

2 2
=b15 (by3 = by1)? (by3by; — byzby)*F0

229,735 b,Ab, A% , A% ) OREMALUESBZ L5, F75)( D, AD, A%D,
ASD JOBEME AL ETRT SR AV, &,

rank (D, AD, A°D , A%D)

=rank (b,Ab,A%b ,A%b: C,AC,A%C,A%C =14 (411)

THY, M () ,F*(7) OmuABRIEC L VEROBHPHO HERAETHS L1 B,
(411 )XOBERBEBTH D, ActiveRBNERLAZVIDORAV S5 L, BERX
1 IV TCRHEANE~REEBZHELD B LI ERGIHOERARARBREEINBEZ LA, 7
IO L VSRR 5hbITHDe 3L, BL 1M NEEFAIFHATETH DA S
S, TNIEBE 7 « — P20 7REMELZEIAT, PEIRKIEEAVEVI LS,

4.3 HENROIEESH
(46)R&75 77 AL 2205, @ (5), @, (S) kovTH L, THAEE O,
610,620,630 £ LT
@, (S) =G, M* (S)+ Gy F*(S) + Gy 1 (86,960 +Gy1 (56,0 + 655 )
@, (S) =GaM* (S) + Gy F¥ (S) + Gy SO 9+ 610 H Gyol SOyp+Bs0)
ELL Gi=G; (s) (i=1,2 j=1,2,3,4) (412)
Gy1 (8D = {byp8% byp (byybyy = byyby3) }.7Q (8)

Gy (8) = ~{bygS?+ by, ( byybys— by byy) }/Q(S)

Gyy (8) ={ ™ ( by by, —byyby) }7Q(S)

Gy1(S) = (bygbgy— byabyg )./ Q(S)

Gy (S) = —~{by; 8%+ by (byyby3— byyby3) }/Q (S)

Gy (S) =1y 527Q(S)

Ggy (S) = byyby /Q(S) (412),
Gyp(S) = (S%byybyg )/ Q(S)

_ 4 2
Q (8) =58+ (byybyy + byybyg— byabyy) Sbyobyy(byybyg— by by3)



B, (41 2)RBRFEL2HO X AHETHREER TS 7 v o 7B TEDHLEN D,

BB, §4 2 Mo EBRO RPN EREE T c B2 TR
VBEIA L o NI EEY S5 B G OES) ( terminal
impact ) ® &b THENL 7 e » 7BRTHED, 2ES%
BEn ( toe off ) OBERY S r (BEKRH &K, <
NAECE LT, BEEO,(7,), 6,( 7). Zh
Zh

N 1

H=—— [ (AZLAB-m,2R)O,(7.)
1 A+ AB+m, 6B { AP

E42R HENRD 7w v 7N

+2AB%6, (7}
- B

(2] =
2 A+ AB+m,47B

{ 2(A+BImy 42+ 6, (7)) —(A2+AB—m, 42 B )6, (7D}

rEL. A=Tj+mbf = B=I,+m,b? (4.13)
&:ﬁf&ié’ﬂt%ﬂﬁ*s‘“éo
ERAOBOMEAIZKL 8 0B THS A, REOKEMEF 1 8 0°LILEOBHERREZL Y,
B A b v sz ko TEREZVRBORBITh (BR ) 2050w T0v 5, BERAZE4L 1 RO
e, (>0) by
650 =@, =6, =max (@,) (4.14)
ﬁmvﬁookﬁb\ﬁyi(418)ﬁfﬁianéo

4.4 EMPRROHEL T o

F42M0GENREHET OO - TOFENMELE 2505, AERCBT IRBEHAE
D74 —FAy 20 —F0AKNTERIRECTHS, S TRFLIRKDOLIBWE7 1+ —F
7HIFIREZRELLEBROBFEFT 25, AL (EEOBRAEERIROMCHMcBREN, &
DEEES & O HEBEHEERERCTEbh T3 DEAILT,

B4 IR TRBRTRLABBIREORBWHO, 0 (BRE) 71 —F2o 7EBTH Y, Z
DEBOFEBCIDZ VAT o0ENIFERRCICLBEREDOTETH D, ZOBREH, 4 7.3
HCFHEDRT 2, KX LB LIRTiI, OECEE@MA L v <13 7 v 23, UEOHERE
EBREIAVOTECTH S, SERIEENF® (S)rBRCHET s+iRiES (=0, )° &
LR O FPES 2 05 & ©5 2 EARKIMBISARH 2 &% (Double Reciprocal Innervation)



Y LEEEL., EHOESE L L CEES DOUBLE RECIPROCAL INNERVATION
i M*

FTi » VB0, REOBEHIREE % HIH |
|

5 7z = NP > > |
LO2BOYPRIPFCERVEZD, T Z i ?&r_ A1
TR L AT E Bk e

éiZELL 9\{‘7‘3 —g—‘ . I ‘GL%)Z(?Z 937

F 43D AT AHAE),, (S), rFt }
@po(S)ix T/;RTIFIC-IAL FEEDBACK

I NERVOUS ROUTE
|

F4IK HHATED T e 5 75N

G @5 (S) 4G K@;,(S )+ { Gy K G136y~ G11Gay) F F¥ (8)

() = RTS) e
®02<S):GlzKl@il(SHGuKz@iz(S)+{ Gy +Ky (GyyGop— G yGab F ¥ (S)
R(S) R(S)

(415)

LRB, TZT
R(S)=1+G;(S)K+Gy, (S)K, (415 ),
THY, R(S)=0 L —7EEBEROBH IR TS 5,
BASHPME? 4 —F 9 7 VAT 2 THD LOEDN D, K| Ky 13777 AZKBSO B
KTEbENRD, MHI@; (3), @)y (S) BBREHMTH 272 DICEK] Ky ZSOEA 1 IKRK
THRFNEE ST
K; = k; + k,S
K, = kg + k4S o (416)
ThHY\ Ky Ky, ZHAMATRLL TRDENL T LD 0 D, BESTROKRKIWE 7 — %
(BLIM) 2BF*(S) &7 YT ROANTEDL
F*(s)=F;/s?-F{ (417)
ELy AN@;(S) @;(S) A7 » 7HBELT
@, (s) =@,/
®@;,(s) =@,/5=6,/5
EY 5,
(416), (417), (418)KX% (415 )KRAL, Gy;(S)(i=1,2
j=1,2,3,4)2(412), RZLZzt->THREL TP

(418)



By S+ BpSt B33+ 8,52+ B15S+ By

S)=
Bor() S? (St + ¢ S3+ ¢SP4+ ¢3S+ ¢y )
B (S) By 1S®+ By St+ By3S3+ By S2+ By S+ Bog (419)
02277 (S0, + 0,5 S+ ¢y ) '
A1 =610

By = b1y (ky@ + k8, )+ bygF — kg (by1610+ 136y ) +6yg

Bi3="byp (ky@;+ k3B, )+ kg (by1byg = byy by ) Fg' + (byybyy = byaby; ) Oy
+ (by3byy ~ by by ) By = kz(by B9+ by3650) — ky(by 1619+ b6 )

B4 = (by1byg —byy byg) {bya (e, @y + k46, ) ~Fg (kg — by} by3 Y
+ (byy byy = bygby; ~K3byy) B9 + (D13byg = bya by —ksbyg) Gy

B15 = (b1 by3 = by  by3) { by (ky @)+ k36, )+ Ky F'}

Brg=(by1byg —byybyg) (k3= by,) FY

By1 =6y

Bap = ~by1 (k@ + ky8,) ~byy Fy + ky (by1619+ by36,0) +6p0

Byg ==by1 (k@) + k36, ) + ky(byy byy—byy b3 JF G+ byp (by 6 byzBy )
+ Xk ( by 1610+ by3630) + ky (by; 60+ by3650)

Bog ==(byyby3— by by3) { byy(ky®;+ks6, ) + ki Fy }+ by B
- b1-2 (by619+ bygBi ) + ky (by; 810+ by 3650)

Bys = —(by1byg ~byy byg) { by (@, +k,8,) + K, F }

— *
Bae = (byy byz—byy by3) Ky Fy

(419),
¢ = bigky —by; ky
¢y = bygbyg+ byybyy —bygbyy+ky byz —kgbyy
¢3 = b1y (byy byg ~ by byg ) ( ky —ky)

(419 ),

$y =byy(byybyg =byybyg ) (byy+ky —kg )

— 56—



B R ERRES, 5 (419 )K0FAR
St ¢, +¢, L4+ ¢, = ( SP+27S+w) (S5+27,5+w, ) (420)
DESCRESYBENSETHE, (419 )ARFRRDIOIEEKDEND,

a,,.S +a a, .S+a a 24
11 12 %3 14 15 | %16

B@y:(s) =
01 2427, S+w,  S427,Stw, S S

a,, S+ a, S+4a Q,

21 %y 3 24 %y 26

oz (8)= = + = + =04 (421)
S +2715—|-0)1 S +27725+wz S S . .

’:T\%ﬁaij(izl’z j=1,2, e

6)iky (419 )ROEE By &

1 0 1 0 1 0 |
27, 1 27, 0 2 1
w, 27 w 27 ¢ ¢
(ﬂij)T: 2 2 1 1 2 1 « (aij)T =J X(aij)T
0 @y 0 o 93 ¢y
0 0 0 0 ¢y N
(421),
L0 0 0 0 0 ¢y

BBBEFETHINTE Y,

a; )= 3 (BT T (421 ),
LUTEHMT 5 LA TE B,
(421)ReH7 7 3AERLT

0. (T):e_vlr{ oy COS(M”)*(W) sin(y/@~pf-7)}
e 2 ayycos (v, 17+ r>+<"‘*4 132>sm</—2 77+ 7)}
tagt T (i=1,2) (422)

ko, BHO(7t),0,(7) 0REEENREY, x5z (422 YRE T THALTO(T),
6,(7) 23



6,(x) =" { —mya  cos(s/ oy e ) =y o n2in(y S et
(o it uﬂl)ﬂn(wff:i1’> V/———£21C“<V
+ e-772?{ —72%3 COS(@' 7) ‘aim sin (/@,~17+7)
__%< a,, 13772>Sm(‘/——— T>+ 14 a14’72 cos(%u

+a;
e (423)
DESIERES KL (422), (423)RBVT
o - = 0orE
cos(,/w-— )—*1
* sin (]/ﬂ)-— )——*T
w —
o - P2 0nLE
cos (,/w—vz° T )—*cosh(i/vz—w . T ( 3y
4.2 2

sin (V w-n2. 7 )-’—sinh(m- T )

DES BBRIFEBLELT D,

4.5 PEHECLIBE/ S x-S HE

SELHS LV HIBECED XS BEREEET NI LV PEASTORMC LT EELS I, =
AAF—HBEMELT 5k, THUOESRZ/ENATHIZR AV, 22 THELLTYS
WIRBREDO A & —ARIEYHL LiX, ED SN FH T BREIEMA B X U BB A HEM K —FL .
TOROARENRIC L vzl 5 X5 HRHE TROKRRAERA 5 Z &bz Sizv,

(422), (423 )K0-WOLBEHESE, FL4RTREND,

F44XTHEBNT

® -6,(F)=e; | 6,-6)(T)=¢5

6,(t)=¢e, Oy(T)=e, (424)



A &fnﬁ\UL4o@N9x—ﬂ%%EMEW
MoK THOREBEEDLTZ EXTES, 22
THIEOEEL L T

ey =ey,=eg=¢e, =0 (425)
PEETHE (425 )Rid, SESCSTHE
DNPAEPPb L TRET NE—>0FER
BERL ., BEHTRHEORITNL, NE 5
(B2 ME 2T 5555 ) 285 <k
BOFERELE 2D, BT, HARECRT
6 7 CE, (425 )XEWT X BFMEER
T DT L ARETH D, BEM L BEE
L BET % 08, BRI O LR LA,
WENSELVWIERHREEZET 5 [BT] L
TERDP oK, LS IERTELI, JIT7+—F 0 251 vBXUF (424 )KRTHRS

F4 4R HIOoREIGE & FHEER

NBEED T £ —% %

k=(ky ky kg kT

e=(e; e e5 e)T (426)
DEH IS A TEDL, FWLRECHET3ES0 O, | T THALNKE, e=0LT5

Iowk xBETIMBEEE A D,

FLANTHAERENE ] Afor2MEBL 2L 50 BE., EROBE7+ — Vv 7HRT
. —BROSBEAEL ARV THY, (422), (423 )R%E (44 ), RNETELOIT-
THES S L3 BHsE L BH 2 0T 5,

—H. MTECRERD 264G, FEMRORAIBETHS2D, ThICXERE 7 4 —
FOBERBEL ) ~EY T - s VBT CEELABRSFTEERRAT 22 TORBCHTEDLD
b0 LT B,

Thbb, e Lk EEUVHNI TV 2BEEEHEL >>, ZOBBEICL 703> Tk & BERE
LTW X5 2 BEMBRE AT 7L 2 ) X228 AT 5, Z0k»iciE, F4 3K 5HEzD
—BRENC, 74— VR 2 VRBRAOL-TERML ZEERAEZA A ThE R S hvhs
5, BREEHEH Y AT 20 BRIRELIRDOL ) KEDEN B,



A POSITED 450N TK—-ADJUST A£3 7 » o 7 00AR
CEREBELLUM

F—— K~ADJUST LE7AT) RAREFTIHSTHY . ZOZHHS

RESULT
OF RABOEEEIHI BV THER S h Ty B/ MO B
MOTION o

1 ﬁg%“%ﬁﬁ?é%@?%é&b\i:kﬁ;’—c‘%éo
% DT 4 68T, & ORIE/INNRIC Tk 2 REAIE
TR w0 BKNE T AT Y XA BRI B,

4.6 BBRHBERO7LIUIL
BASE 74—V o5 A VERBA-T ] BEEROAZ BB L ThiEVW L orOHERE

BT s BBEHE A5 A % 5#L, Bl 2iF Box OLZNESI i Ko £
| % 2 DR SRR
4
PI=.Z‘,1 w; ef w, 5 EAEH (427)
=

BV, 2—7Y 5 VEH, PIARER COmEL EH» SRBE R S, Z o Box BTk 24 Wl
SEFISHEIC & > TRBRIBEMS, 1 657751 2 1 EDS 2t < k D EESTIDNE . &
REFRK BECRT TRIhE A ST, Rl (BiE ) ~O ORI B N2 PV IZE o T
UK ET 50

SGOBE, S0 1A 72 TLEOEE (&) 1=1,2,3,4) BBABILB SN, L
b (e IOBREERT ~THEMTH S0 65T L SFMEHE (427 KD X5 >0 505
BE3Av, EoT, T TR

PI.=e; (i=1,2,3,4) ' ’ (428)
L LT 4RO SHERHE AT SR & B & TUFIINIC IR, Z 0% % 05RE (=0 ) cElE T
BZEEHELT B,

AtmiciE (k) & (et BIRESEER T A TEBL, &9 4 742 kic (e )=(0)
RT3 (k) B35HL, ThERSGTHA 7ACHCIZ L EEDET, AR T ERERE
EELTO FHEERAT %,

TITaeHHFOHA 7AET (n=1,2, , N) LU &YV 1 71T L OBEIE e, HX
DETRDLENDEDET B,

€in=Ai1kin T Ajgkon T Az kgt A kg T A5t Zp

E1) HE019 12013, ~BFOENEHLZBERLSFA—0 BEXBCFE#MT 5 F TORRM
Vi,



4
:szl’lilklnjL’IiS“inn (n=1,2,,N) (429)

FRUy Ziy BECEBTIEN (0,0 2) LW - THMT BRRER. kyp i3 74— ¥~ 7
FAVk, DB YA 7V BCAVREZED T

T
Pé/:(e]n)y ’E/:(kfn)’ Z:(le'l)
_ _ T
A= Ry ) Ag= Ay Ao5 A35  Ay5) : (430)

(i=¢=1,2,3,4 n=1,2,¢+,N)
o, (429 )FR ‘
€=4K+A,+2Z (431)
ERDTILEHETES, Zhdabd i BEAITHEE

k=ile -1, -2l z=8/e+0,+2z* (432)

BREV, (429 )RLAK

— *
kin=0;1eqt 9560, + 0365, + 0, 04,4055+ 7

:£§1Q[%h+6w—k4; (n=1,2,%,N) (433)
ERET S I LNTE S, RBGIEECEY SEREE 7 Ak, BT e » &, FHETHIA, A,
FEMTS (431 )XW THE2, ThedEmLz (43 2 )R, THER 5 /N
EERENERETATH S, 8, (433 )RueBI52Z) @, (429 )ROUECKY
MY N (0, 6*2) e LiehioTHET 2REER LR 5,

TZT, 0, (05 ) OHEEM % d;p (djs) &BL Ly BUNEFHEER

N 4
Q =32 (ki = 3 djgep, —dis )? (434)
n=1 =1 40 00
ERMCTHESdy, digEEDBILTREY =0, Fer3—— =04
e, 0di, 0d;5
N 4 N N
n§l e/nkin:mzz)ldim (ngl €/ €mn )+ di5nz=}1 €/ (4.35)
ER =8
N 4 N .
é;knggﬁdm%gl%m)+Nde (435 ),
282,



= e
w W U

—~

d=1(dj; ), k= (ki)

[ €11 By “rerrrieeeee elN\
621 e22 ............... eZN
Tro | ey ey e o
€41 Byp e e4N

I I eeererrerioenes 1 |

Erhd, R (435), (435), Xid

~ ~T ~ g ~
e*k =e* e*TdT

LEDENSD, 22T, oF T MEAITHII

d={ (’E*"e’*T)‘l 'E’*'ET}T

(435), (435), Re—HELUFICEDLTI LEEL

(436)

(437)

(438)

LLTy (433)ROEH(S;, )\ £rik (0,) DRAETHEZENKES. (133 ),

(436), (438 )xKxD

k=de*
FThpb, BROETEITHE
ki kg otk k(e dip-edys
ko1 kgp kN Kp(Ngr) dgyrrrrdags
ksi Kap Kav kang1)| | dertridas
kyp Kgp ook Rgongn) dgy e dys
BELBND,

CIPRITRY e N
CSPRTRTE eoN
IPRTRE esN
YPRTTRY 4N
1 eeees 1

(439)

€1(N+1) |
€(N+1)
€3(N-+1)
€4(N+1)

P

(4.40)

LTy (N+1 ) ¥ A 7 A0 BATRE7 4 —F 0251 vofiiz, (440 )KRT

kl(N+1):d15 (1=1,2,3,4)

(441)
THALGNDZ Lichd, UEPAHRTERL LIE/NKEETOT AT Y RATHD,
BB, HTHA 7AENOBEMc 32 -T (440 )RDOFUIRTIX EA EABERKL TLE 52,
Wi (e & k & OIER 2 BEMEIMR ) 2 @YHE (e Lk LOBEEFE =74 ) TERHL TV
Pk, 72 0BFBMEZORB EBTLIEL AV o THL K LD Ky (N41), €1(N+1)



MRE S T Lic, SEHD 15D F—F kyq

& = (7 -1)-6y(7,)

& =C (T—1,)+6,(7)

ej; EWLEBVDEINE~ A2 7HERRET 5, %
feEBHiz (4.1 3 )R TARY terminal impact EAEUHE, (4.2 4) NoFHEREE
ELATNERDAEVH, CRAETEIT, &, COROMRES,(7,) REEE 7 «— K3y
ZLLTHBTESRH TR, £4 6 KT ROSHE

(442)

EMVT, RIA 74D K ERDDZ LOHRETH B, ST TC X

C, =sgn (6,(7,))

(442),

Eln ey, ey KDOWTik, LA 7AVFRIOEIRAE L0 ET 5,

TERMINAL IMPACT

BAOE X — 3 FAA v bk EDISHEER

4.7

igl—vgrEE

411 pBEESAhoRE D

2 BHTRO THOEEBR, K41 70
TLiAIvFRETAILRELLADH
TWde LIBT3 av—a VER
Tk, PHERA DR EEREEE L THR
blidhidiz 6k,

2407 Bv 2R 5 BLEENBR IR o BE o I
AR AREO, o L BHEIEG o B LU RRNF,
Fp ((417), (444)RBR)%E
% 3594 2 VEHILCRDELAL FT
ATHY, ZOREMSFICEVWTRBIE
MAMERET S0

ZZT RETRT Zgy & Zop B0, 8
4 TR0 - > 2BV, 0 EEER
LT IREBOBEEEYI 24T LD
THREN I B2 L, BENRDDIE R
EEDRBENOTT, A4 5. 46 HiDE
BHEEF LD w3 o v— v g VERET
iz kicT B,



o <->'=11,3 <o>2p . 7 =0 .(_2 )l/? 2
£l o =0.979 O10 o =2.098 B0 yl1= "y tog uy cos 2 Tuy
104 104
BLU
2
I _J Zy2=0y-(—2logul) *sin 27 u,
10 11 12 13 degree -5 0 Sdeg/sec (443)
R s q : TITT oup up; (0, DETEWICETA
104 o =0.914 104 o =0.675 1 R
r‘ﬂ_" ’ 6 ; 84 7THOENT — 7 OEHERE
. 4 ] [LTL] V5 01y 69 Fy Fy BT 388055
1 2 kg 4 5 6 7 Kg/sec ’ v T

fefl, (44 ), (45)K&LV, KRS
BLTR PHELANNIO AL 774 (FUE) F—23mko ks cBELE

Fo (<+*>,0)=myb,Fy (<>, 0)

Fl* (<'>’U)= m2b2 XF1(<'>,6) (4.44)

§7b11byg— byghyy

EAVB, k7 (414 )RNTRLE &I 2, BEMENESFEHREOBEBEHic > v TrHE
60 =6,
6,0 =0 (445)
753529_\1»)'{1/\50
4.7.2 ZTEHAOEROHE

FIEAME & BRI LTz 589 RERE B CH UL, (419)~ (423 )KRTmRLx
Bij @y LredioT(7),6,(v)b, dbicir (42 4 )ROMMEH e; b, ERST
RLUERSBEERL 5, BEARETAREHOBED (429 )RNTOERERZ, H#Ih
KHENT S,

Thiz b, FERERe, L0k 5 R RBEL TV~ Y 7 —v s VTR, Thbb
AKETCHU TV BEFHHOKT LA TO,, BVBAD LHEK Y 12V -V VDALY
EV/n—nebo kBT ~REPIEELAES,

ey FHEEEHTHS Lik, e PEEZOLOD L r~DEMIEED D TH L, e BhHB A
YFBICHED Lo —REEIZRLIOAEA SR LEBKLTWS, ZOZ ikt
ki DFRBEE T LLEBRL T, 3% ey 0BEESHAN IR 2 SN2V LV > RAR)
RETHEHL, 20RRA(B)EAL s Vv /A — AV ERATRETHIZ LEBERL TV S,
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STRATEGY

EBAL1E viav—va vTHOWAERKE A%
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Abstract

This chapter is concerned with the exploitation of myoelec-

trically controlled prosthesis, which knee-movement is volunta-

rily controlled by the amputee's will. This experimental resear-
ch work has been considered to incorpolate the myoelectric feed-
back loop into the prosthesis combined with the sensory feedback

system.
As a fundamental study, the joint torgues and powers of the

lower limb was computed in case of the level walking. Then, the
mechanical device has been constructed with two set of solenoids.
Control system was desined by dual control loops.

Then, the validity of our myoelectrically controlled prosthe-

sis was verified through gait analytical experiments.
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Abstract

In this chapter, guantitative analysis of gait has been
proposed based upon the theory of finite state Markov chains.
Then, its application has been presented tolimprove gait patt-
erns of actual cases.

To begin with, gait pattern was described with statistics

of measured data of gait cadence and step length. And the gait

pattern was evaluated with the indexes of symmetry and the var-
iance of state variable, calculated from the same data.

Then, with application of the finite states Markov chain,
the gait pattern was analyzed and the possible improvement was
predicted.

And, applying the theory of Markov absorbing states, rehabi-

litational planning has been proposed on a sound basis.
Furthermore, it is shown that a malformed gait can be reform-

ed systematically, making full use of such training system.
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# (Cadence ) L45MR ( Step)ZBET 5, ThHOEW AT 2 — 2 ZEEENCTH I 2D, &
BT s A 0BIEE (ERE ) 2 e LR TEbTZ LT 3,

£, HTEEL RO BRREBO BBNEIEL L2225,



w R 1 AHBYE
" 2 s WMERE (ERATHES)
T mEEE
" 4 5 WS RE (HERTSE) ! (6.1)

(61 )Rz kv, HwEMoEEM ( Heel Contact ), BELHEEH (Foot Flat ), Hlf
h (Heel Off), & FORERARGAbAVEDLETS, 72 (6.1 )XBERAEBBY., &£
BHSITPHT COEXNFHR ERESTEA— A0, #ic (6.1 ) XA TERWETPRE
B CRBRERRP BN T B,

(6.1 ) ROBRBOFERM ¢; sec (1=1,2, 2, 4) BITRM2, 4 TOFWE¢; on
(i=1,2) LD  SBBERDTLOOER AT A kBPT 58D LT 5, F6. 1N, £
% BEREICRL Th B,

CHE I RTOREWE t; BT, RO
22oDH~7 PATHERERDLT I LIS

n¥A 7AHTHBR D EAE tin, Zjn

T3
T:(Ti):(E(Ti))
< ‘. ‘ )\ VT:(VTi):(Var-{Ti}2>
lln“ L lZn"l :(E{Ti—‘ri}2>
ot o e e Tgp e (62)
(i:1,2,---,4)
right switch "on" | "off" L, Ti ii%zﬂﬂ{ﬁ ti Kﬁ/ﬁ‘:‘:bfcﬁg
loft switch on" | "ofer FEROZ L THY, LTHRKDOLESR
ﬁﬁv\éo E]*%KL'C\ %@U{E [_]I'l éﬁ‘:
F6.1R SBELROLDOEH AT 2 ~4 2O0FN 7 P ATHENEEDLT LiC
T %o
v:(Vi):(E(Li>)
Vv:(Vm):(vmw{Lﬁ>=<E{H“”ﬂ?) (i=1,2) (63)

¥, T; L SIERATICHS L REL, SABEX, EBNT

N
— ~ L -3
i =E (X)== § 2 %in = ¥
2 1 XN = \2_ a2
o :Var'{ Xi} N—1 n§1< Xingxi) =5 (649



BB LT B L X, EnBEYA 2 40 TORMENREEZY 1 7 1R85, Ehep; of

Ry, BAEE X, | S§ alATY., EANHEThENRDT,
Plicxv, (6.1 )ROHAEECOSEE

G=(7,V, 7,V%) (6.5)
TELTI LT3,
Wiz (6.5 ) ROFSEEFET 21580 | oo, ELEORHMEEZEEL, 2hEx (62 )~ (6
4 YROEERAVT
1| 717 ] , T2 "% ay | 71172 | Ces)
(ry+73) (ry+74) (9,+7,) "
DESERDbT, ST T AUBHEOEARER a; (i=1,2,3)>0Cik, @EE (20~
30?6%?13%,ﬁﬁ?5%)%ﬁ%kbk%mﬁ&ﬁt

a; =5, a,=2, a3=30 (6.6 )
LED D, RIT, BTOREER DA 7Y FTCHEEFMT 2 FHE >V TORLEEIEI R T
Tikb, AETRESCRXESROFEEELT D,

IS'——a

1 1
4 v )2 2 )2
Iv=23bi£1L__ 3 < Cvpi ) (67)
1=1 ri =1 77]
TIC, EARED (i=1,2,04 )¢5 (j=1,2) REOREEHRTORAMENS
by=bg=3, by=by=1, ¢ =c,=42 (6.7),

EEDDo BEOLFEI (6.2 )~ (6.7 )y NEBHUIMRER 6.2 AT o 2L BAGE.
BIOVWT, 6 4 1ETENS, 86 2 Ric bntliz (D) v V. { £} >V, 6,
5V, BEEOERNE (H0) EEELT, EROTELE RTINS LOSs Y | ERER
LIXFIL e L b s GRS (B) OSBFIE, veg ¥ivy CHLUFBCAEVC L TH
BlcE, MEhEE (C)DFRTR 1, 7, BRBIEVI ETHERII oY, MiBAE
HCRBSBORMERDT I LB TES,

BB, 6 2ROBRCEN, VYT — 5 VEITIIRO TGS EREL 207 520 A,
$62M» 57T CREFOEBREL FHT B LR TERV, ZZTUT63FHTR, <=
7 EEHERE AW SBORYT, R OTRIRORIMEORH L AR L ERFAT 5,

6.3 BERVILITERREERLI-SBORIT
8.3.1 ® A © # &
SPICEIT 5 HEUE ¢, SHFBOERE £, 1%, VTN b EHRTHI S, HR =7 B
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motb\CnBOﬁ%émmuK%ﬁb‘ﬁﬁﬁﬁix”ﬁﬂ“:%%k=1,L-H,K
1.2, e d oy or i=1,2) mAMEIETEDE S, B K pmEEERES,

A7 LR OB RIRE
K
S=<%>=<é2£?-~39?"~é?#<x1fzx",ﬁ>

r=(i=1)K+k x?% x; (6.8)
TEbF, I I THECETAEAER 4K (1=4 ), sEoXAREI 2K (1=2 )0HR
REFE->, KBEATH SR, ERERZERCBRINDH, BFOEML 207D, 2 ITH
K=3%rL, EHEZA (k=1), d(k=2), (k=3 )C3FHT 2, x; OHEN

3o FrEix (6.4 )RXLD

1
Pr{ xizﬂi-i—aai}:Pr { By Fao; > x> M —aai}=Pr{#i—a6i2xi}=-3-

X: — M

k&éa%ibé:kf%D\Cnndi<ﬂ%nfwéiiwa=J;-i—kﬁwf

T V. n .V I I

T n S v
0.430](0.028

&) 10.1270.028(55.53[1.85 0.778 6.456
0.471/10.025
0.173{0.018)[56.44]|2.43
0.411)(0.077

(B) 10.200/|0.047|(56.91]{3.90 1.949 8.982
0.568|[0.129
0.187l0.056/|61.16)3.33
0.603)[0.174)

(© lo0.351)[0.118]]37.10|{4.21 3.235 10.696
0.871|l0.183
0.244J10.102)142.40/{6.55
0.424){0.088

(0) 10.204{|0.033|[59.97]|11.52 3.321 10.181
0.711}{0.118
0.19810.130/68. 66}l 6.37

(A) Normal Subject ]

(B) Patient of Quadriceps Fibrosis#

(C) Patient of Hemiplegia* (Cerebral Apoplexy)
(D) Above-Knee Amputee*

* right side is impaired

IR K/EORMBEOLERN
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2
_(Xi_'u‘i) a?

—_

1
. . — e e 2 da:——
V2x 9, I % v2rm 3 (6.10)

f 1

AT B a0l E CREEEL VRONIZEV, TOME a=0.4 3585, EoTHnvA
17 A OERE x;, %

xm2§+&43%ok%xm=é?
(@

11'1 F

x+0438>x >x -0.438;mL& x,

X, -0.438; 2 x oe%x-zé? (611)

mn mn

ELTHET B,

&ﬁ\:nuﬁaiﬁm BALTo2EREZT IO, SR>V TOFERILSERECIL T
finsZ e0TE3, ¥ (61 )R LY, HFOBHEIRENZERRETEDLENLTVS
5, REES, 2 SIRBS BT SHEEE P LT hid, TOMBELTIIPRIRO LSk
bEn 5,

o . P! 0O 1 O
o i o ! p | 0
P=(Ppg)= |-wim-im--oombomm oo (612)
0O : 0 . 0 : Py
P, 1 O , O 0

Fergly (6.1 2 )RTHSIFIOE 3 X 3L wfTFTH Y, HATFIP, (i=1,2,3,4)
i, ThEh '

IR EICT sE ONNCELIL

P 1
Pie=Fr i n(x) (j,k=1,2,3)
b b {12 P2l a(x" %) (i=1)
I E n (xfﬂ) (j,k=1,2,3)
% ifTkSIOTELTS 3 X 3B “ﬂ?%éogykn(;”)uNﬁ #4ﬁw@wif(o
@ 0 (90N 2D P orie « Ormremers, vrosy
© ) 0
?n(xi> , n(xl_Hﬂ J) (xiJ> (614)
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TH B0 ( 6.12)RNEHBERIINZE O~ =2 7 BT FINTH 355, BEFORLtD &4t
TaEa T~ P2 7B L AR, ERRBCR T ARERSE T, (>0 BB LA, X
B2 g poRsnTe B, £, T, RROETHER

%f=éi”kfir (r=1,2,12) (615)
B Lk ORED, 270 (6.1 2 )ROWBBEBITFO#E»SHALLZTLL, (6
15 )XcHBdBhBT, 2720 T

3 6 9 12
Jre= 3w o= r = 7. =025 (6.16)
r=1 r=4 r=7 r=10

MDD, (6.1 5 )RCEY, §6 2 N0 ZERVLERT 2REBEFET 52 LM TE S,
feb 7, UllE (D) OFE Ty, 7g>T,; g ABEME N, T3>7,; 7y TEHERO
TE, kem, > A Ty BLEBIEREND LTMEND, e 7y Sy T,y
(i=2,5,8,11)ntx, REERDOAFYFR/NEL A3BEACHS ETFRIEN S,
By (612 )REMBREENALT B~ a2 7#PUIrswTH, BETOREOTFTERD X
S5ieRbE N2 BEBITHNZVEET 5,

z=(1-P+A)T=(2Zy) (i,j=1,2,,12) (6.17)

Ly (6.1 7)RTLIE12X 1 2RBMFHATHY, Ak (615 )KXor; & jslorw
o115, bbb

A:(%ﬂ

a;; =17, (i, j=1,2,912) (6.18)
THdo (6.17) (618 )KREM, WRES, » SRS OB ICET 5 PHHERMIm
&, ROTTHD rfISHITRTEALND,

M=(1-Z+EZg, )D=(myg) (6.19)

TIT Ly, RZOWATREHATH LT 2RAITH
E@+~Tomks 1 Th 5175
D@A@ﬁ@ﬁi@@ﬁftbz1@ﬁ&ﬂ%ﬁ§a?5ﬁﬁﬁﬂ
THBo 53 (619 )KND4AMPABHFHTO 1A 7 AT 20 5, FIFRGRIE 51T
1 7rm.  TERbERE
M'=(m.J/)=(m, 44) = 14 M (6.20)
Lz Bo RIRRES & S OMBIMRI L, @ (615 ) (617 )KEMHCT
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T rs
fm 1
(CrpXCgq )2
Cog =Ty Zyg T TG Zge =M dpg =T, 7 (621)
THizbh, T
d :{1 (r=s)
rs . 0 (rxs) (6.22)

Thd, (621 )Xk, @EELBECHRES, &5 VBECHT 2REEOMEE
BRlemiasl LdiTED,

RicY ~EY T = g VHITHEO AEEGHORM LG 2V TRE L L 5. £ TIRBIE
& (6.8 )ROFRWALBOEMLT S, (CS) &L, HENLREE S, (=S5 ITED
To SgRBXNIRWEBERTH S0, —IExy Xy X3 Xy »O&EA TRET>2EH
TEILOLLTHMET TP, ¥/ S O b So~OEBHSNELRBEEHL, zo0
BREESy (CSp) k¥ %, TLTSy =0Las koAlMEIAI$PLL, TOERIAD
B2 7EFREGAT 5, (6.8 )XNEESEL

* —_—
S = (sG, Sp )
=( x(li), X(zj), x(g), X(f)’ (x 1<D>C, (X(Zj) )c, (X(Bk)>c’ (x(f))c)
=(s}) (i,j,k,¢=lor 2o0r 3) (6.22)
LEPT, To Tk aiE( x(ll) )C (=N xlmaxgl)wgmfc 2REEERDLT, (612 )R

— e

2(622)RecErcHFEsESE

Sg Sg
. I 0] Sg
S I (623)
B *

L%, (6.23)KT, Sg={85 s+ S5} sBVEEATHEAM, st{s’;,s2
oo, S0 ) ERIUREEL A TR 2 T ESHREBATE S, 2 CREBEBEHT5AL A
Ty 2T AN € Sp 2 HHEL SHc ABHIC STE Sy &N s E¥n ; ©HIFHE & 5
i
< N
(B ()= 3 e =(1-0)"-N
(Var-{nij}>=<E(n2ij)> *(E(ﬂij)>2
=N(2ng—1)—NSq (i,j=5,6,909,12)

THABI, ST NG R NOWATLRENATR T HMATTI, Ny BRNOZTLROFS &
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TRETHTITH D, ML T, ST € Sp2 bHFEL TSgo ks 5 EH (o oIk
BE & ) n, OEIGFE Loy Eu
<E<ni>>=<532 E(n))=Ng=N,

Marefn; )= (E (n2)) = (E (n))?

=(2N—-1)N, ~Nyg, (s} e sg) (625)

THALN, TITERTRTOREER T THB LS 2SI~ bATHB, RICHNS] € Sy
2BHFEL ST € Sy ICHET HHE hy; |

H=(hy;)=(N-1)N3 (sF

* . .
0,8 €8Sp,i.i=5,6,,12) (g256)

THEABNB. (6.22)~(626)RICED, S OHBEDRELRE Sy ( C Sp)
FRETE 5,

632 2 & @

AECIH, HMEDOHE L, 86 2K (B OKBUEGIMEESE. L0 (D)0 UNE O AKX
Bl —ERR Tz b Do i 6.4 1 HTRNDHEBRC L 2WEE 2 ILC, FRcBT 2 HEREE
THREREESTEE 6 3K, £6.4HTEAON D, F£6.3. 6. 4MICRL 7 X5 HHERHKE
iR s 0w TEBE, WINIBNTH B L0 h 5. TR IKTR, 1 >y
~1,m > +1 (i=2,5,8, 11)2RMYIE, FE % —vOEBELV LTS
o B ARTRT, > 1y Ty THELD, BRTEXPRY 75 (GWEREH) »4
BEIBLIEEEENDBOLTHEN D,

T, F6. 2 (D) UMEOFRCOVTR, T,(HH. T4bbREMEMWTE ) 2IFE
KECZLEFIOBHMEL TLEF2I LM TES, 22T(619)~ (621 )XoFtET
RAES, = x{D BT B RO 2 & —HFT b, & TV

max (mg;)=m%; =568 (HHFr1270)
max (mi;)=my, =628 ( " =)
(i=1,2,%-,12) (6.27)
BELRY, ST AMBREI (=1, )odhT, k¥Ior
f37=059, f5;=045, f45,=068 (6.28)

BELhB, 22T S(=xM)  s(=x") s (=x,D s, rommc-on
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T, BBREBDBGA t) ty FECE D, Bty ty KRUHCHABRE LR TS
LR ENDS,

$6.2, 63MEUEOHELLS, V)~V T —v 2 VETIRTRELT 55RO <5 —
vE

s = (K2xPLPxP)= (s, 55,5 5= (%
(i=1,2,%,4) (6.29)

DEIED, (623)~(626)XNzBATHLIIHE65NOBREB/Z, ABH6IHT
QABBV A EATHII LIPBLHLTH S,

10.39 0.54 0.08 |

J
O ||o.3o 0.55 0.15| O : O
|

O : O :0.20 0.70 0.10} O

10.38 0.25 0.38

B = | 77T i o Fos7 09 010k

O ] O : O 10.00 0.70 0.30

0.10 0.90 0.00
______ ———g———— N Rl

0.35 0.58 o.os: O | O i Q
|

0.38 0.63 0.00{ |

(Hr) = ( 0.08 0.13 0.04 0.08 0.13 0.05 0.04 0.14 0.06
0.03 0.17 0.05 )

%863 LB O HERBRERTTI & ERMER ST

( :0.40 0.40 0.20; |
O 10.39 0.39 0.23: O : O
|

)
O
—
¢
]
o
;
&
(=]
;
&

: [ N bt KAl L HSUP
= T —j [0.24 0.18 0.59
| O 0.55 0.27 0.18

0O | | 0 !

______ e e e ZE e nE
0.33 0.33 0.33) i i

0.33 0.33 0.33 O | : O | O
|

0.47 0.33 0.20] |
N

(Hr) = ( 0.10 0.08 0.07 0.09 0.11 0.06 0.11 0.07 0.08
0.09 0.06 0.09 )

#6440 KERRIUEGRREES O HEBRETY L ETRERN M
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| N 0.40 0.20!
r Q o 0.08! O O __Q__jo-_ﬁ_ofﬂl_p__[’_Q**
- 0-20 0.21
0 () l_ (> lo.67 0.22: ()
T TR 0.3270.5
10.55 0.18

T s T B .33
Lo.oo 1.00! | O :; O 0.470.20: O : O ; O

!
0.38 0.00 O |

fe]
|
{
OF
|
[
O
[

L
QI
|
s el

4y
o
t‘:l

o

)]
O

|

D)

-

rl,o3 0.02 0.40 0.09 0.03 0.26 0.02 0.08) 1.14 0.09 0.48 0.25 0.27 0.16 0.15 0.19 )
0.04 1.14 0.18 0.65 0.25 0.27 0.14 0.12 0.13 1.08 0.32 0.30 0.27 0.14 0.14 0.18
0.07 0.00 1.03 0.01 0.00 0.60 0.00 0.18 0.16 0.11 1.09 0.06 0,27 0.25 0.20 0.21

. . 7
N= |©0-06 0.25 0.06 1.15 0.43 0.32 0.25 o0.16 N = 0.36 0.22 0.20 1.13 0.79 0.29 0.35 0.52
- 0.08 0.65 0.12 0.38 1.14 0.17 0.65 0.21 0.43 0.24 0.23 0.15 1.15 0.08 0.31 0.69
0.12 0.00 0.05 0.01 0.00 1.03 0.00 0.31 0.33 0.26 0.20 0.13 0.13 1.07 0.61 0.27
0.0¢ 1.14 0.18 0.65 0.25 0.27 1.14 0.12 0.42 0.39 0.27 0.18 0.18 0.10 1.10 0.12
* *
0.39 0.01 0.15 0.03 0.0l 0.10 0.0 1-°3J 0.56 0.26 0.29 0.18 0.18 0.10 0.10 1.12
= 5 * x T * * * T

N= (1.93 2.79 1.89 2.66 3.41 1.52 3.79 1.72) N,= ( 2.71 2.55 2.34 3.85 3.28 3.00 2.75 2.78 )
ﬂ;.oz 0.02 0.39 0.08 0.03 0.25 0.02 0.08 0.12 0.08 0.44 0.22 0.23 0.15 0.14 0.17
0.04 0.12 0.18 0.57 0.22 0.26 0.12 0.11 0.11 0.08 0.30 0.26 0.23 0.13 0.12 0.16
0.07 0.00 0.03 0.0l 0.00 0.58 0.00 0.18 0.14 0.10 0.08 0.05 0.24 0.23 0.18 0.18

*
- 0.06 0.22 0.06 0.13 0.38 0.31 0.22 0.15 H= 0.32 0.20 0.18 0.11 0.69 0.27 0.32 0.46
= *
- 0.08 0.57 0.12 0.33 0.12 0.16 0.57 0.21 0.38 0.22 0.21 0.13 0.13 0.08 0.29 0.61
*
0.11 0.00 0.04 0.0L 0.00 0.03 0.00 0.30 0.29 0.24 0.18 0.12 0,11 0.07 0.56 0.24
0.04 1.00 0.18 0.57 0.22 0.26 0.12 0.11 0.37 0.36 0.24 0.16 0.16 0.09 0.09 0.11
b.as 0.01 0.15 0.03 0.0L 0.09 0.01 0.03 (_0-49 0.24 0.26 0.16 0.16 0.09 0.09 0.11
* les of remarkabl 1
examples 8 © vatue * examples of remarkable value
#£6.5 Wil = /v 2 7 BEAEEIC & B SRR FB.6R W~ 7 BRI ko3 EER
(U ) ( KEBUUSERS kg B )

F65NXE oML T, EFroREE
3 * * *
SW:(X(l), Xg Xil)) = (83,87 S19)=(S; Sy Sy1)
(SWCSB) (6.30)
EMVBRL LI FIMEFTR I NETHD LOMMEBR D, AL T, H62K (B)oEEDE
Be2oT, I CHEL I RESRY
sg= (x{ X(ZZ), X(333 K= (s, ,S6, 50,5110 = ()
(i=1,2,++,4) (6.31)
DESEED, (6.23)~(626)XxFATHITFEC6NOEELBBLN, £6.6KEY
HIMF L T\ RO IREE
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Sy = (2 & =55 8 5p)=(55 85 85)

S Sp )
(Sw < Sp (6.32)

AR CHREININERETHES LEREND,
Wi, G CHBIREENDLVIRAEEIILPRBL LD, T0Z L 2ERNCE
BT 3038LV, TITCIhIERbB30L LT, LITHE 6 48 CHEBENT 74 OEBRIIG

RAEREADZ LIZT 5,

6.4 & H £ B
6.4.1 BTTRIEA 7 4 — by HERE
EPEBFHFEBRTHEBICLY, MBESTCHE Lz, B TBRLETROZ Y1
IAEBRORS 0BT M1 IV EBHIELIBEORERE Lic, HFH 2V TEHECTHNBIUES
SR RTHEBEREL, ThEHAVWTHELIEEZ TR -W, SR 2V TEYEE7 v 17
VY M EBBEDER L L,
£6 TRIZAMELZEE (UT, JISEBLBR ) 28 v A7 48, B8R 74 —F
RNy VEBRED XA 5 F » — FEIRNT, EREER, WESEER (F 6 7RoE50HAO—
@-@-@-®-0®. ®) LiigER (F, D-O->O D@~ ) Lifvs

oo
9
— L
o of feedback
/’/f/ el signal
telltale
<) 2
3 7 8
1 ———:r b-l———J mode time compa- alarm
sme-switcsg e selector integrator rator controller
l
4 6 |
deta comparator |
recorder for controller
OFF ! LINE A l
¥ | l
5 |
C.P.U. - —
(Markov chain)

F6LIR HTIEH 74 —F v rvRATFa07 0527
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¥, HREHCOEBEOMELEFHTIE, @F—#va—¥ CRFShAHEEESF 7S
A VHROML, @FEMKTE 2, 63MTENLERERENT 5, £62KD T, vixZo
EORLTRODZIDTHS, @UEBEREMO X1 Y ik (6.1 1) NOBMAEEECE
b, @BERESHEEE CRESy BT 3R TO2E@QFTERCHERL T JIMEROT
mERTETT 5,

Wiz, R0 7 4 — Py 7REF6.8B(A) THAML L5, (6.1 )NOREL (
T — N ) OBFEH t, sec ik, t, ¥ — FORIc REFRFEET L o HLE T Upper , OK, Down
DT RH SN B, :@EBU%%biﬁﬁ#ﬁ%k iV MOFFTYA 74D t) & — FHIZ t
(n+1) secOM7F—FTEREN DB, £7REEIL Upper, OK, Down D @GR IH T,
Kb BDO3 VLD TF-FEHT D,

T ThD3 VL7 —EFRERELNI IO TRVI ik, TTEANLZAITH
Bo (630 )XOBITE ty, sec BDown(F5bb x=xP ) OBEOZ, FFHHA 710
ty, T — FRECEBEEZRL, Rty (ty,) sec 3Upper DFEDHR, WHA 74 t5(t,)
T FEREFEHT 2,

5, B8R (A)TL, RESEZAET, EAS » 7258 TRV, ThEF6SK(B)
OMBEEEBL T t; €= FORFZITE > T30, BHEZECICSTBERIEL . B
B CISC-ERELCZRAMAL T, $BLESHACHTIBEREABKBLI LV Y AT 20E
B OV THEMBEED T D, Thovr2 7EBEREZEALZAER Yo+ v 74 vLd &
HhTk B,

542 T B 8 B

62K (B), (C)NHBECASEBLEHL, 1 B 1~ 2KH0INME 3Bk L
I BDREREE 6 IR T, 6 9Nk, AIEEBOBEMIC LY, HEE(B), (C) o
LEBEEOEEBEOSRVBABHCHEEINLTOIZLERL TV D, &b EEDIIE
REFLADPSESBLAHEACHEIN T DI LS9,

B, WERE (C) Tk, BELINESRE

Sg= GO S =(sH Cimtiz, o) (633)
LU, AlETID B < EIREE
sq =GP )= (sf s (6.34)

L CEHSE R T/ - 7o INEFIORIEME S (6.4 )~ (6.7 )RNEAVTRELSTHBEES
1
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tGn fon i) B2
P
t3n :4n
' |
Shoe- R l_
sole
Switch L -
Mode tl B
Select
t l
- upper
Ccm.q:sl_at_——————— — fr e — e o |— . e ap —— ——— it
ing | | d
down
Time
Integral
conparatlng
at,lon
Feedback
Signal
(tlmbre resulting
from t,—level
1n
(A) 4, =E—FPEBRESHEED XA LF + — 1
- .
n E 3 ] an
1n
9
H__/ L‘E
gis!
g
__q 2n
tln Q
2n
t2n
t4n

(B) t; % — FFBIREE

E6L8H ¥o TROBMEHMN
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(z,)=(009,011,006,009,010,006,
- 011,008,006,010,007,008) (6.35)
TH-7co LPLIEHROAEE ., IS A—0MELEE oL . Rkl TERE
FHHEERHL T
(7 =(***,014,011,005,010,010,
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AR E EBEL 72880003, 6.1 0 (3) KART X2 2B L WHRYERBD bhvi,
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(®) {0.192||0.027(58.00)f3. 01 1.005 7.655

0.445/{0. 062 (1.949 8.982

0.158 o.osa[so.ss]{z.m} ) (8958 v P20 ),

0.573][0. 082)
© F.Z%JP%!}FG.sz]F.WJ 1.851 8.333

0.610]0. 087 (3.235)  (10.696)

0.238}|0.055]|51.13]14. 53

(B) Patient of Quadriceps Fibrosis
(C) Patient of Hemiplegia
(" ); Performance Indexes before Training
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T n S
0.369(0.162) ,
(1) jo0.228l[0.102 152.38(17.14 3.117 15.104
0.624/0.225! | (3.321) (10.181)
0.21710.177/l59.00/i16.50
A
0.4601[0.067
(2) [0.208][0.042/[61.47](8. 48) 1.568 9.454
0.603|l0.096/| I
0.195 9.083{§4.97)’Q.Sl
0.520)(0.037) . )
(3) 10.206 50.024(61.7®(6.89\1 1.320 7.078
0.601[10.040 b
0.20210.03965.51/(5.14;
(1) Training System was applied alone.
(2) Sensory Feedback System was applied alone.
(3) Both T.S. & S.F.S. were applied.
( ); Performance Indexes before Training
#6.10 3 B HTINER B OHE
X(sec)
UCL : Upper Control Limit
o ucL ICL : Lower Control Limit
Q
0.6
B e p_ UL p
© 0.5 I &il
UCL
T - LCL )‘ aﬂ
© P
ug g
0.4 | QL -

(1) directly before (2) 10 days after (3) 3 weeks after

Training Training Training

FEI1IH $SBOUBELADOILE
Bk (B) ABEIUSEG R EE OB
BFAXEEX (7o ME20, ¥ IAR10)
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UCL : Upper Control Limit
ICL : Lower Control Limit

(1) di_rec‘:t_}y before (2) 10 days after (3) 3 weeks after
Training Training Training
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