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Study on Quantitative Evaluation Methods of
Physical Activity for Deciding Load of
Resistance Training*

Yoshiaki Hara

Abstract

An appropriate load is necessary to practice efficient resistance training safely.
Evaluating physical activity in daily life is needed for determining the appropriate
load because individual had a daily life probably. For example, in rehabilitation
training, a patient can be classified in two kinds. While one kind is the patient that
practice resistance training conducted by therapist and do voluntary resistance
training in daily life, another kind is the patient that practice only resistance
training conducted by therapist. In this way, each patient differ physical activity in
daily life. Therefore,

Generally a load for the rehabilitation training is set by the rate of the maximum
voluntarily contraction (MVC) of each muscle. Therefore the MVC should be
measured before resistance training. Muscles and tendons may be hurt by the
measurement of MVC because a muscle generates enormous force. Thus, the
estimation method of MVC is needed.

I developed two quantitative evaluation methods of the physical activity and an

estimation method of MVC.

.*Doctoral Dissertation, Department of Bioinformatics and Genomics, Graduate School of
Information Science
Nara Institute of Science and Technology, NAIST-IS-DT0361032, February 3, 2005.
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Development of the quantitative evaluation method of the physical activity
by the acceleration signal

In many cases, the index of the physical activities is expressed as a sum of the
absolute value of the acceleration signal due to the movement of body's barycenter.

In the above method, if we use the acceleration sensor that can detect a DC
component, we must make the filter for removing a gravitational acceleration
component. However, the filters have plural kinds and innumerable characteristics
such as cut-off frequency, order and so on. Therefore it is very difficult to designing
the most suitable filter.

A new evaluation method of the physical activity was developed. The method use
the standard deviation (SD) of the acceleration signal as an index of the physical
activity. I measured in acceleration signal in the direction of body longitude on a low
back in daily life. The evaluation of physical activity by SD was compared with the
evaluation by the sum of the absolute value of acceleration signal, and indicated

characteristic of proposed evaluation method.

Development of the quantitative evaluation method of the physical activity
by electromyogram

The joint movement was controlled by one or more muscle generally. However,
activity of each muscle is different even if these muscles belong to the same joint.
Therefore a load of resistance training is appropriate for a certain muscle but is over
load for other muscles. The quantitative evaluation method of muscular activity of
each muscle is needed for deciding appropriate load of each muscle.

Muscular activity was evaluated by a sum of the integrated electromyogram
(iEMG) in unity time. However, to compare muscular activity with another muscle or
another person, it 1s necessary to normalize muscular activity. The adopted
normalization method used by the sum of iEMG in level walk. The muscular activity
in daily life is indicated as ratio of the muscular activity in the level gait by above
normalization method.

The 1iIEMG were measured from the medial vastus muscle, the rectus femoris

muscle, the semitendinosus muscle and the biceps femoris muscle. These muscles



are the muscle of thigh. Both the rectus femoris muscle and the medial vastus
muscle extend the knee joint and both the semitendinosus muscle and the biceps
femoris muscle flex the knee joint.

The muscular activities of each muscle are evaluated by the developed method and
are compared with each other. It has been proved that the muscular activities are
different quantitatively even if these muscles belong to the same function group.

This result suggests that the evaluation of each muscular activity is needed.

Development of the estimate method of the maximum voluntarily contraction
by mechanomyogram

It is reported that root mean square (RMS) of mechanomyogram (MMG), which
measured from the biceps brachii muscle (BB), drastic increases at 20% of MVC. The
purpose of this study is to develop the estimation method of MVC by drastic increase
of the RMS of MMG. I confirm the reproducibility of the point of %MVC that shows
the drastic increase of RMS of MMG.

MMG and the muscular force of the BB during isometric voluntary contraction
were measured. The drastic increase of RMS occurred at 26+3.7%MVC. From the
result, I proposed the estimated MVC should be one hundred-26ths of the force that
show the drastic increase of RMS. Estimated MVCs were 100+10.2% of actually
measured MVC.

From the above-mentioned result, the physical activity in daily life is evaluated by
standard deviation of an acceleration signal in the direction of body longitude on a
low back. And the muscular activities of each muscle in the daily life are evaluated
by iEMG. Furthermore, MVC is estimated from low level contraction by developed
method. Evaluating physical activity in daily life and estimating the MVC suggest
possibility of decision of the appropriate load

Keywords:
physical activity, acceleration signal, electromyogram, mechanomyogram,

maximum voluntarily contraction
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BWTAELDLE 5O ERBEBEE R 6RO 72 [13]139]-[44],

3.3 fRAT G Ik
ARETIE, FFED R DTN T gV E% 2 DIERRL, 74V Z R D ZIZE D H K
EEN ORI 2R3, Fio, EHE DR L FIEICLL5 M 27 3, & (K15 B) O FF i 2
ITHBNLRERIL 1 A& 5091,

3.3.1 ZANVEREHIZ LD B RIE B OFEAM ~ D5

TANEDRFEN H RIEEB OFEMIC X T ZEZA ST 57201, Ftho R
% 2 DT IHNNANAT g NVZEAERR LA T 4V 5% T2 L&D B (KE B O FFAM
BRDI=, TIOHNINARAT )V H 1L MATLAB(Math Work ££)? Filter Design &
Analysis Tool ’é’:}ﬂb‘“({"ﬁﬁibf: Filter Design & Analysis Tool iZ. /NA/XAT 4 LHZD

JHE VT R Sl JE R A L TR ot A S I ) L TR A Ik O R BB KON @ A DY v
g @%\%Wﬁ%ﬂ%mﬁ%_&ﬂ”ﬁﬁkéhé (B4 3.1) FERRICHE L 7= & Rt A 3% 3.1
T, fERR L7 TIR B 1 Yk Butterworth 7AWV Z%&Z7 4% A & 1IR Bl 9 koD
Butterworth 74’/1/5%?74’/1/5’]3&'5‘5 VERL U7 7 ¢ 0 2 03 T8 W7 45 Jak J1 92 % ) L/Téﬂ
TN JE B B C DR T A7 38 O IR | I RSN TW AT, IRIE 2R 5, £/, [i#iH
mfujzmﬂz%zmréhﬂ\émﬂz%zui BT DR E AL 5y DV 7 VX T8 i 7 R D
Uo7V TIRENTWAIETH D, TA4VH A LT 4K B Tk, NHEERH I O | 230 R
720 M OFFHEMEIXFRIC TH D,

BT AN DIRMERF A K 3.2 12 AR A X 3.3 12, R ERF 2 [ 3.4 1ITR T,
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T, FRO@NBTANE A DREZL)RN TV FZ B OFiE 2R L TWD, 7407 %
1 L7t OINR R 52 WD T IRIE B 27 95,

# 3.1 FUHNTLNEDRMEE
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-U_D. L ‘,‘J'l”!_L‘-J‘J”D,L'JL:"L'A'- -U_Q- [ (AR [ AT I
n'E300H| Il o o Iorrrenm | Q'E [RERNLE (RN [ (REAEN [ RN I
3 EU ] 1 : m [RERR 1 1 1 ]
R vt X0 D e TORLE e 1| RO Foonet pke T
o 200 TATHT =TT ITUT T T Imm T O [N [ R e 1A | TI\IjIH I
L N e o M FHt R VR
0~z 70 1o 10 0~z 7o J00 10
Frequency Frequency

(Hz) (Hz)
(a) Filter A (b) Filter B

] 3.4 BB IERF 1

3.3.2 EHREICL A F1E
AZ R 53 O s skt A 0> BT BRE R FE EL AL . BRI B 720 DAE 5 D A iR 57 D 5 EE
BRLTWDHEEZLND, Fo, BLFFH HT-VDIE Z DM E A2 £ 3 H ThHDRMS 1324

(3_1>Tj€&) %héo
N
RMS = /i2s(i)2 (3-1)
N5

ZOLE, NITHAIRFMBTZVDEEDOT TN ThD, s(i)ITiFBDOEFEZRT

EH OHNREH STV O EEIL, EDOXB DO EFKL T ThD, DT 55D
WAL B -0 DB EE 0 123528 T, RMS ZHWTE 5O HEAL R 7201
DGR DIRE Z R ZENTED, G 5 OBALRFH BTV DY A 0 IZLT&ExD
RMS % RMS,c &9, RMS, 1ZH(3-2) TRENS,

RMS, :\/ﬁi(s(i)—ﬁz (3-2)

ZOLE, SITHMREHHTZVOEEETH D,
RB-2IFH LB H 720 D(E B D SD L1 <725, £/~ RMS D H FIXE 5D U —%
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RIS, SD D B FIIARPER 4y DT —E R (I 3-5),

N

RMS,. = SD :\/%Z(s(i)z —2s(i)5 + 52) (3-3)
i=l

= iis(i)2 -5’ (3-4)
NG

RMS,.> = RMS? —5°= SD* (3-5)

UL EDZEND G B OB R BT BT DA ALY DRI, 15 B O BALFER] &
e DREER ETRIND, EFITMHERE SO SD ZHALR 720D H KIS E) D
FEMEL CHWAZ LR ET D, KTFIEOZYEERFTT 572012 IFER LT 4V
Z A ETANVH BICEDFHlEAR FIEIC LD O i 21T o7,

3.4 FER

WE LT NIE A B &2 3.5 (2, IE L7 Nk FE AT 5 121X 5 7 005k BE 23 49
-10(m/s)ELTEELTWD, ZAUIINHE E & Y2348 B O & (K & il oo 5535 77 131
IEEEEHEIELLTWAIS THD, BIELTIEERE BE2H VT, 740 H AL 74
WA BIZEDH EIEBYOFEAN & SD ICLDH RIEBIOFHM . T7ebbH ., &7 4L 2%
CAZ Ui 53 2 il U 7 00 FEAS 5 D A Skt B o> BT IR F A BB & IR BEAE 5D SD
2 3.6 IZRT, ek, & FIEICBIT DR K] (ALK ) 1358 18R ~ 722512147,
3000 Yo FNET D, TUBNTANEEHNDEATEFEMIEBEREDT4VED
W T ENDT-D, T4VE AT 1T, T4VEB TIEI P FILVEBENDLI LK
Do DT | MK FEFEAAEOF R ATICEE Z ORZEDLEEZITV, sl DD L&D
DOMEIZHWTW U, Fz Mt O3 i KE CTEBLLE THD,
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3.5 B

3.6 L0 7 4 Z AZKDEHM GEM A) &7 4% B IZXDRHMi GEAf B)D1E B D4
BIZ, BBENTIXRCEMZRL WD, L, sl B I35 A X1 B0 &R
FECMTHY, T4 NHZI R D H RIEB OF 3 DTV D,

TANZZ L0 IRIE B DO S B 22 > TOB A, FRIEE) O A 13145 [ 3000 ¥
TNVOREETHLI LMD, TAVEONAFFHEICE DR BT D neE 2615, &
(RIE B DO FEAG AN B g S 72 JR IR E LTI, 7 4 02 DAL FE FRE D 2 SO R 8 4L Fr 1 D 75T
1372 IRME R E D EICE D BN RENEEZIOLND, 74VE BII740% A VB E
TRk oy 2 S 2 EI G AR EL ERAT I, FFIZ 0.5Hz BLN O J& 5k 53 I8 o El
BRREN, 2D FAM B 1% 0.5Hz LL T OB E K/ DL BB REN TE LT
FEAM A LOBERCD R e o7 B 2 BID, Fin, £ R OFFAM A %5t i3 D5
ORI B TBRUZZMEIX 1 LA EER2D, 2NHDZEND, 7404 B TIEA DD KiIE
WD EHETLEIDT, 740% A DT PRIALGT DIREEIIRLTWAEN 2D,

SD 2 &AM (FEAT SD) I1ELFFA B KOG EEAME A IZFRIL T\ 5, MR A kD HE
Al A EOMBEFRENT 0.95(p<0.01), #EAM B LOAHBALRHIE 0.74(p<0.01)&72 5, SD
IXZZ RS 5y DIREE T DT80, 74 Z BIZLARE BL0E . A3 A5 DD Db 77
AVE ANZEDRHI S RIL L& 2 binD,

55 D SD OF R FIEIE 1 FE LR, BALRF &2V SD 11 >DEIZE £5,
Fo B ORWRS ORI T D27 0 V2 TlE, B 4 T O R W R4 D
T D0, SD ITHALRF MBIV DAL IR 5y DIREZ RS, Z DT G F D HAL
KM B 7B DR TR DI EZ R TITIX, T OV TANZIZE > TR Y %
HhH U725 75 O #E et i oD BLAL s R A SRR Tl e (B - O AL [ 72 D SD % H
WD MBI TS,

LML, #BRE ORI I ERE S ICEENEINEE RS E B
L7z H O AETE R E S A7 N E BEAE B IR A B i 4 &L C ) N FE Rk 4y
MEELTWDIEENHD, SD IXZOE NMEE Ly OB LT 5, — 5., 7T V4
VT A BIX PN IR T2 KONTE = DA A 43 D Fl I IRFLZ L B B 40 30 57 D A8 i B 4
M D120 B E R DEE O BN DR REIER D, Lo, K
BALHL HIRIET THLHI0, CORBEACICLDEHINEEE 5OLEL M T
SD \ZLDFE M OIEI N U225 M CTHL AT REME N B D, DT BEEALNZ W
H & A TE R ICHNE SAVEIE BEAE B OFHMIZ SD ZH WD N E Y ThHNEIAS %
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DIRFI DM EE LR D,

3.6 ®&S
ARETIX, 24 EOBIRFE O B AR BT DI O F (K K fh 7 o g EE 5%
BE LTz, $FEDRIRD 2 DODOFT P HNINAISAT 4 VH R L, &7 4V Z 2L > Tl
SRR B ORI D H RTE B 27 M L7z, 74V Z DRI L > TH AR
IEEN ORI N R D LA R L, B IRTEEOFENIL, 74V X ORI, IR IE Fr
Lo THERDZEER BT LT,
FHALREF HT-0ICB T HE BT ORI TE T Z2d T 222 7Rm0, I EE
D SD %Hﬂb\TEMZME@J%aﬂﬁﬁ“éﬁi%%ﬁ'ﬂ%%ﬂf:o REEEHNDETH ~ 70HE
*E%Df%'rirﬁ%@ HIZIS Ul 72 Rt 2 R E T 20O BREE /27 4 N2 E WD ST
By % a e I JE (S 5D IRIEE ORIl 2 1ToZ & Rl REE L=,
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4 15 8 X% A i TR B O 8 B B AT T 5 D B 58

4.1 &R

iIXiEE &N T 5258, 20 O &K K I E M /7 (Maximum  Voluntary
Contraction: MVC)DIK F &, ZDH 2/ il L CTWAD T MR HEICBE AMEZERMENEC D, B
ProMi 22 7o & CTEAR A R/ <SNDHE T AR ICBEAMEEM R ET D, 207D,
TR D MVC DR T &7 B D BE A MEZEMEZ T2 H I —=2 7 %1752
MLFEE7e D, LinL, BRAMEEMHEZST-OIE, COREOEDOH 1IN —=2 7%
ITOMENRHLDNNIIA BN 72> TV, T AR D BE I M ZEME DS BA IR I8 5 T B fh
DOIEFEDIKRTIZEHbD THLRHIE, THRMHICH HAEERLFRREOIEE &4 5
ZHZET, BEAMEEHROETEY TN RERS D, £o, — &I, 1>ORHEIIZ
FEEOHAERL TR, HIEEIC LT, 2RoD AR EICE 7250 Tk
2 HOHBPMOFHIVEFLIEE TR B D, D7 HAHH I —=0T%
ToeHmA . HOH TILE Y 2 BEO AR TH-o THM O Tl Rl 2 & ff L7225 b
HERDHD, LTeBd> T, i I — =0 TR RN R ILATHDIE, EHoTEE %
ERINCFHE 522N M B 72D, 3B Tk 7= FEA(E 5 12 L5 5 (K1 B O FE4l T
ETIE, BT EOE B2 OISRl T 22 LIXREECTH D, DD, HTEOTEE A E
AR T2 FIEN KL D,

AREETIE, T OIEBZ E &RAICFHE T2 FIEERFE L, B EEIEICBITL T
1 DTG B & R AT 95,
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4.2 VA F 45

KE Tl &5 ih EX (integrated electromyogram: iEMG) BT I [ & 54 1H %
W, i OBESETEE ZFEAGD, ZALLARE . i OB K RNE B2 i OTEE & D,
IEMG OB IR 72 i DTGB 2R L TR0, gBrE | AT, i T EOTEE 232
7eDIZiE, LR D8 ED IEMG TIESL 324835 5[45]-[48], AT Tid, ¥
ZHBEBRITLTWAREOIEEN 2 LI HWC, B HAETEREO T A OIE B 25032,
AKFELZH DL, AFEFEREO TG OEE Z2SMELTRT LN RRERD, &
Bix, —ORIEBORELL TEIKHWLRTWA[2], 207D | A OTE#I O
FEEL THHRBUTRASINT WVNEE 2 BILD,

PLFIZ iIEMG @ BARI R BB D FNEZ R <5, Eio, i OTF VA FEAN 35 ALK
X1 & 5,

1. FEHIZ 204 H HARTCTHRE, ZOLEO FTHEM O IEMG Z2H1E 75, H BT
DD LD TR OIEENE, LD B HARIT~, B HRITHLH kA~
SIREN AT DI, B AT 2kt L TV DHIFE R ESHERZRD[49], £z, H
AT 2k L CTODIFIZRE N TE, — BT LD OTEENITE R BB 213
Do EDI . HHBRATRE O LR e TG E 215572012, 6 2 H 25 15 4 H
FTD 10 £y (2 54) D iIEMG OREEAE i ZR D5,

2. 6SHMNLI5BRHEETO 10 BHICELEB s LI kD-inbEBBHITE 1
AT oI EOHEEM r ZHHE T 5,

3. WELEZAEAIEREO IEMG O 1 32 SICHEREEEZRD, r 2 H W TIERIBL,
i OIEEN DR E T 5,

AREETIL, INEEAE B ORES [FRFIZITV, INEEE 5
A AIE & & 775 15 B O FEAT A O Mk 24T o 70, M EAE B I LD H (RTE B OFFMIL 3 &= C
SO N RN G NF=3 I Al ibzﬁm JE 15 5 O ¥ K % (Standard
Deviation :SD)%& W\ CiTo72, BLFIZEARE FIEIZ Tk %,

I RFLILDH KIE B ORT
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1. Ptz 20 B HBBITTHRE B RBITRICEETDINEERE 520 E T D,
FAZIR T2 IDIZ B AR IT OB AL DOVIE, § LB B AT~ B AT
O IE~LIREBAEAT D, ZDTD LLTFOFNEICIBWTIE, 6243 BB 15
B HETOINEERE S AZFIRT 5,

2. 6HHEMND 15 HHETD 10 HICE LD s, TOXBOMEERES4 AL
T2, A% 60/sERDELEREL, B B ARTTE 12 AT 72 L &HEE S D0
EEFEL, ZTOEZDSDZRKDD, ZOEERET D, 2k, NEEEFOE
SN 1 HENCRDENC AR UER T 528, s DI Lo Tt #iEL o
[l AN HE R B T2V B MDD, ZOB AL, A D B % 00 8 B LN i
S BOREIA 1 IR 55910 AZR TP I b o7-12 B2 5,

3. MWELZB®WEEREOMEEE SO SD 2 1 572k, REAWTIE#L
Z1T9,

4.3 PIEFH &

24 TRAEE RN B EOL R OFERERED . KR BB R EECLUT KR B & ﬁ“%:))\
PRI S /7 . R JRRTEL % 0D 9:30~23:00 D[ iIEMG &R £ il J7 1) (2 A U A 0N B2 13 5
2 E LTz, MIEIZSENL T, B E (3@ LRI CAETE 2 B<DH IR R LI,
PLFIZHNE LT I E 2L B 12D\ T erz)

4.3.1 X 4:£5[50]

RO EZK 4.1 1ZRT

®  CEERR X RS 1% O ALK 1/2 O JE SEUIT AL E L £ OF Ik BE i
i B A )E dh . TR A NIES 5,

®  RBE T BH M I R 1 A PRI BE 5 DA T I E L %®1”EH% e
R LR USRI AR, B2 iS5, 70, FRERT &1T I T R
A S ES D,

® RBRIE B IX RBRAT I (CAZE L, £ O/E T B &4 dh IRB i 2 e S
Do

®  NARMITKMERER DM E NENZALEL . 2 ORI 2RI 5,
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B 1Bt

(a) (b)
B XKER =% BXER=ZE
MAMNSLREE AR HE
X 4.1 fFDOAE

4.3.2 PIEEE

iIEMG ORIE AW T U H VKT —Z 1l (NR-2000, A/D 28 # 14bit, Y7V 7
JE I 4 100Hz, (BF) F— = 2) 13/ (AT E 39 mn X = & 110 mn X I 166 mm) 7> D
i (K 400g) THY, #BRF NHERL T B #AEIFIZBIT 28 M 1T 720, NR-2000 @
RNy T UM 3K 4 FEfCTh o, 2072 #) 3 FER Ty T VE R LT,
Ny T VA HZE T DMK 2 90 TH D, EMG OHEIEIZ1E NR-2000 LRI KEXDT
YT, TUNE Ach DN T &L BRI AR B B & B JE 48 2.6Hz
DAL EIE 2R iEMG OB RETH D, 7o 7 OHIERIZ A A THY, JIE
ATZ NR-2000 IZRRENDEFTEHHELRDBOHEIERAZEE LT, 7> 7L NR-2000
X7 AR —FIC AN THEH T 5,

EMG (28R L SR B (F A ARBMBRISOE hr—F: (Bk) H AN E) 2V CEME T
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O EEEE Sem OBBRGEEICKVEH Lz, JERHIZHBITHEENCLD /A XE R T 5
7o | A Re B kL7 [8],

HEER D By R & i 7 WIS AR U2 FE O I EIZIE, 3 BT AR B o | E I H v
7z BioLog (A/D Z#i 16bit, Y7V 78 # 50Hz) & DL-110 ZH v/, DL-110 /%
B I 7 ) S B AR oo R i 7 s, A2 BEER 5 A AN IE O L7e D KO E LTz,
BioLog M/ 7 VA RET D=8 BioLog D/ Ny T VA 2[RI A1 7,

4.4 FER

4.2 \EHAAT 6 AX HvD 15 23 H 0 10 Lo G B &4 7 O iIEMG Z/R7,
INE AR 75, 45 IEMG EBIZRERDOBETE 38 0IR LR AVTIY i ER B8 TIRZRWAT
B DIE 5 CHDHI LR TED,

4.312, HH—H D 9:30 15 23:00 ETO DN FELF 5 & 4 f D IEMG 2R 7,
KT =2 Oy T VMO T [ E NSRS TODEER A HY ., X o F
I ELT TV,

4,402, % 4.2 L 43 R LA E FE AW TR ZFHMIiZ =~ T, X 4.4 1%, %
DR OIE B 2| FHETH D EMABATOIEEN X T HFE TRL TND,

F /5D IEMG OJIE R 2381 58 TORER AR A, 10 22D IEMG OFEHEE Th4 %
LT EBOIFEBESBICHEL, BOoN S HMEE 4.1 18T, Thbb, £4.11%
W E RE R A& OTE B2, HRELTRL TWD,
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% 1.1 BB SN A B OE B
S8
F Btk 12295
KHEZE8fn | 29728
KhRIE 57 5179
LN 21446

-

4.5 B

R T A7 & PN AR A 7 Vs BE i 2 i IR S D M BE . AR A &R B ER A 1 B &
LM THLD, — KT, OB OMERIL, MBS m f B O Wiz k> TiThn
Do EDTH . HEATFEIZBWTREICKITHIEEFEAM O ALK TH D 1 450, fif
e, bLITHE GO E B — HBEBILEIT 228135 2 Hhic<<, K 4.4 IZRL
TeEONTH B OFHMIZ BT W IE OITHP L 2Bk 2 R LIctE RS, o, HD
i SAE T D L&, ZOF OGS [FRFICIHE T 22803 H 5726 . 45 i DRl 23
iﬁé@bf:”ﬁk%%bf:iﬂé&lﬂ@ 1 DELTHE2OND, TEREE DM EEDECDSE
XL BEER ISR A 5 N ETHZEN S, FREBEEIL TG OFEEICI->TERT
Y ON %\Eﬁ@pﬂﬁkbﬂa_ (CRDH IRIEEB OFFM A, FARIL B b Z R LT EE D
Noe Lol X 4.4 OFEEIOE T, IR E ) - NNE EEAF 5 T 0%0°5 200%, =B kR 75
TIE 0%2>5 500%, PARIA 5 « RBE Z83E A5 Tl 0%552000%E RE /R -TND, Z0D
ZEMD, MU, BLIULR UM G EICE T2 L ThoTh, T EDIEEN
BIRDZEDHERTED,

ARETIE, HEBITHOHOIEENZHWTH HAEIEICBT 2/ OIF 812 E &I
FEAL TV D, RFIEITSHITREOR HOMESE) TH H AEEREOL i OME &) 2 EH T
AHZET,  HAHICEL Tid i KE E I #E /1(Maximum Voluntary Contraction: MVC)H3
RIRDPERE A LR E B OB OIEEI &2, € BRI EL Tl TE R A FF o,
Flo BAICL->THHRBITREORFHOEE DG WITERL-0 HDOFFMH. &I
MVC O 2R TV L TH, #BRE DX MVC BELSTHOAFIEICK
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L OFAMIZ R R D REMENR DD, LinL, — R H RIEE ORISR o 57280
(2], F DTGB DO RK/INE B K ER AR T HZ LN A RE LR D MU TN TV DR Fik &
W2 D,

MHELIX, B ESITRO 1 BRFOMFEE 2 LI BURFFOf; H—=027¢LTX
ATbD T Bz B GF R TS RA KBS 45 Emdiii4 5 M HERFL. T
&2 T T3 BEIRET D, Zha 4 BIFEDVIRL, 1 By T %:SLR) KFOPNMILff &
KIREHOIEB &4 EMG L0k T\W5D, LT, BHEEIFICBITL TG OIES) &
ZHBEBIT I HAHESEREL., TG LWER B 215 51201%, SLR 2L 7 Tk
1200 [A], KB E A 1359 300 B3 2229 M RS HELTWBH[52], Fellilk R7= Lo H &
ANEIZBITDIEE &ILM T LIC B> TR, 4R, ZEICHESh ARl RE SN
PARIA i OTE B #1380 3 54 REREF OV &13K 5 THTho7z, A EOHIE
TRLNT i OIEFE) ®IZHELVEE & 2155121, SLR 2 NHIA T3k 3600 [E], K
BEIE 5 Tk 900 [EIfTHZEN M T L2 %, Lo, SLR & 3600 [E4T-72354 . NAIA 5
TIL B iE B & &7 508, RKIBE ) TIXAMAREA — "= —= 71T > TL
FORRBMEDN B D, ZOITENMEIZIC U THZ EDIEENI R R D7D i hL—=7
Z RN R AT, HiOTEE 2 E EICFHh T 20 ERH D,

DeLorme 1Z@EAM CIRMEDOH ) ML —=V T RFHINERIZE > THI TH D L #®
HLTWD[B3L, £/, 1 0 1 PEOERNMTLHAOERDIRNHD LOREL & D
[64], L2>L. BARBFOHEHRE OM TR K LT, @A KEE KK 5 B
SLRIDE /) b b—= 7 %47 o 12356 M RIS a3 KRR I EE ) O f 246 23
LI DREND H[65], £7o, FTABMEREOH ) L —=0 7 IZHERHE LN
W o#RE LB 556168l TaRDL, HOEHENMET L TWDHHETIE, BAMNK
BEOHH I L —= 7 TREFEHEO LS R IR RERN GO NnEEZX BN D,
fEFFEOTEMIEL, BITICRO T HEAEOK L 25 HEH (RBRFF, EFHERLE) I
BRI Z LTS, LICHBE_"7ELIH12, 1 HORIEHEELEHELWIFHEEZE DT
%, SLR Z WA TIEA 3600 BT 5 MERH L, mAMEBEHEOH H L —=7

T OTEEBHOMREN 1 HOMREIZHXTIEFITD RN, BARE O & A KA E O
L —= 7 TIIREEO LD RGN BIRBGEOARVWEEZOND, £DT
D, HEAEROBREEELWWEBIELMHICEHEX D2 &LV, BARFEO,EE % BT
LAREMEN & D, Flo, BAURKFICZ 2T ORI D SLR #4179 OIXREETH 572, EA
IRIFIEF ) Fv—=2 7% K <179 Ldbic, BEID O AIE B IROIEEIMEZ 2805 5 20
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HHEVWRD,

4.6 ¥

ARFETILIEMG Z W TR OIEEh 2 E BICFEE T 2 FiEE2 VT, B % AETEREO
PSR S A5 . R TR TR AT . e . R —BE A OVE B & i RIS ERAG L 7= A T2 B AT
FIEIZEZS T EHOIEBZ ST RE T HIENTE 1 BIZBT &M OIEEOR
EEBETRL, M OTEE 2 i U, FRERE R L0, RUE G EE, HLIZRI TR
BB T2/ A L CThHoTH, i EDIFENI R > TW o, KETHZ 1| HOFHOIE
FOREIZELVWIEE B4 SLR TEZE., WA T i{*’J 3600 [A], K BRE f Tl
900 [BI4THZ EMMBEL LIRS, L, SLR % 3600 [E{T 7285 A PRI % Tl bl 7e 7%
B s\ L5708, KR E 5 Tl ii%mznjt%m“—/\—kl/—:/& 272> CLED AT REME N
HD, ZOIDTEEICIG U THZ EDIEENT AR DT | i TN — =0 T 5L 228
RIATOTE, FH OIEENE E DTN 3 20 BEEDNRIB ST,

ARFIEIZEY B HEAETERFICBIT 20 OB OMR BRSO NDT-80  BAIKRFD BE H
ZMa 2B T DI LB Rl DI B & 23RO LD AT REME D RIB ST,
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5 i & X% Wi RBEE UG ) DHERE FHE D BR3¢

5.1 K& TR

O K BEE IE 71 (Maximum Voluntary Contraction: MVCIX{E A Z &2, F7-[F
— AN THOTHIHZLIZR AR D, ZD7D, i I —=0 7128580 I1T. MVC (2
X HEE (WMVC) 2B EL TRIES LD,

ik MVC DORIERHIZKRERENZFRIET 5720 BIERFHITR R HAREL, D
i O JE D AL Rk 2 ARG SR D FTREME 3B D, T XF R R0Z D O A DAL S A AG L
TDE HREICEY R A3 % AL, MVC ORIEIZREEE 72D, 2078, MVC ZH#EE
T ERFIED KD BN TNH[59]-[60],

Akataki &%, bW "8 O %5 R E 7 > 7R RSB T 25 5 X
(Mechanomyogram: MMG) ZHI7EL . =D FEZhfEH(Root Mean Square: RMS)AY 20%MVC
I CRIBIZH R T2 MEL TWDI61],

RETIZZORMS ORI KIZHEH L, MVC OHEE TFIEEZHE L, ATEO
ZU MR SNIZT D201, RMSHA 2R IZH KT 2%MVC O BLEZ R LT,

5.2 JIE TR
ARFETHMEEH EDVOMN 7% B 8 oM7) EL . B 90 B dh iz
g5 B S O MVC, T2 7RI B O B g T8E i 0 MMG | fi X
(Electromyogram: EMG). & 7188 X O g = 8A 5 @ EMG &> 7 U 7 JE 3 %5 1000Hz .
SyfREE 12bit D A/D ZEHasz W THIELT,

5.2.1 & f5[62]
b T ERA & B SSRGS DWW TR B,
® i EAMIE. ERER ORI O E AL E L, B A dh S A 2 =]
HSELIERZL O Th D,
® =8I, EoBRmICEL, MEHizMEISEENEZLSH TH
2o
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5.2.2 JIEEE

ARETHWZHIEEES AT L%K 5.1 (TR T, HHRENELIRFFITESEZLEET
X B EBEETHAZODONNVINEMZ TS, EF—VEHWCHBEESEVOM 7%
L, B EFHDPM-700B, (#k) LFEH)Z H W THEELZ,
HE R OYWERE ORI BLOREE T4 0 Aa—72 A O CHBRE IR LT,
s T EE A F KON i =B O EMG 1, SRIE AL SREE AR (7 ¢ AR E MR R150 B hr—R |
(Bk) BAEE) s, B DR Sem o XU 5 8 (2 CEH L7, B AL AT A7
BEIXHE R THD,

L ZEE AR O MMG 1%, EMG OB O LI B AT Ui/ N oo v oy BEETR IS
FEEH (MPL01-10, (BR) AT 4B R) (i &7 > 7 (MPS101, ¥EilE ik 1~250Hz,
TA 2015, (BR) AT 12 R) ZHWTHIE LT,

EERER
#vnra—F  OUPa—A&
------- B{ZEE(E
BiEEE(E
7S
Ei5
VT s —
BB 727 —
— BE7VT
\ ) A5
avEa—4

& 5.1 PIES AT A

5.2.3 JIEFIR

BB 1 B 10 4 (subl~10, 22.8+2.6 #%) TH D, HIEDHNE LR 235 ¥
L7tk WIE DR EZ5T,

FT BB O E AR O MVC ZHIE LTz, #EBRE 1 KBE B 5% 77 C I B i
Z 3 BRE 250028 R LIz, 10 0L LRI EZE S>> Zhg 2 [B#DIEL,
W E STk ) D KA MVC &LTZ,
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MVC ORIEND 1 KL EOREEZIZ, T RIHERF O MMG, EMG 38 XUV /)
ZRIE LTz, R IL 10%MVC Ok 1% 2 B MERF L7 A2 nAa—7ITiR3 i
HEERNZRLRNG, 506MVC £T, —EOHIEGTIZURICIER N ZE KW, &
JIOEEIE A X BUMVC/s, 8SMVC/s KT 10%MVC/s EL, =24 1 BT SHIEL
7eo T2 MMG D RMS ORIE72EE K OE N OB A D O D721 subb (LR 11D
HNEIE 2 5%MVC/s OFRATE 5 M T o7, o, ZV 7RG IZIENLAT-DIZ, &)
DOHEIMENEGEZE TS DN, BERTITE T LW E O E 2 LT, £ ITOMIZ
1% 30 3 LA Lok A ST T,

5.3 fi

subl ORI EDOFERAZK 5.2 1287, K 5.2 IZBITHE DO INE 51 59MVC/s T
H5, EINTEARANEEINZ R L, #BRE BT 7RIS éﬁﬁ%%ﬁbfu\é’&ﬁ%?ﬂ
TX5, EHEBINES®AICoN T, E - 8EA O EMG m)&rbm ML CWD, —
R =8RG O EMG ORI, 3R OEMEIFEERIZIZE - EDEER-TWD, =
i, g B ORE P TH D B ZEAITIEEIL TR WZ L AR LT, K
B ORATIZ, ATREROEM AR LT,

MMG D% FFZ D RMS X2 D i 0.5 D X DOEHR D H(5-1),

N
RMS = /i2s(i)2 (5-1)
NS

ZOEE NITHEAFERHTZ0DE B OV T ThD, s() 1EFFL 1 DE 5E27R7,

5.3 12 subl DR S)& MMG @ RMS &7~ §, 2 TORAITIZIUYT RMS D270 1
KEMER Lz, LL, RMS OfEEZE RMS 238 K95 MVC 1Zxt58E 1 DEIE (UL
TV UMV Crys ETD)IERATZ ST R R > TUWVE,

B AT DIMV Crys ZLL T O FNEIZEV R DT, HAIZLY, RMS O Z N b3 HRF
A& KD EORE DMEENZ EL TODHIX ] D RMS O BRI L% e/ 1L D

BHT 2, 20 2 DOEMNPRZZET DA DOIMVC Z%MV Crys ELTZ,

# 5.1 12 sub5 D 5%MVC/s (2B IFDUMV Crys D e KAE . /M, EHE B IO SD

ZRT, 3 5.1 VUMV Crys DIEHDENIEB A ITHED A E T AL RMS OfEEN
EACL L= D3R J11% 28 24%MVC DO#LPHIZ 95%D =R TIEAEL TRV, 8- 0N
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FNADE LT IURE AN DIMV C s X B WFBMERHDHEE 2 HD,

F 5.2 I BRE FEDO K RITICBITAUMV C s 2R T, subs @ 5%MVC/s DIEIE 5
Bl ORITOEIE THD, £ 5.2 K0, SMVCprys DFEETE D OEME S ICLHTITT
—ETHDHN., HINEIENIAHITHE->T SD OEIX IS HE MmN RZiFbnd, Lo
L., AEKAERD t EBLIOF HETIE, EHEBIO0 BUCH B 2L A LIR)
STz, ZOFEFID WMV Crys FIR D OHEMEI G OMEICEDLLTIFE—ETHLHEE X
oY N

WERE 54 DR TORITITEITDIMVC s 1% 26+ 3. 7CE) + 18 #E i 72)%MVC Th
STz, ZORE RS, RMS ORMEEE K2 MVC 13T 26%D3E 1 THELDEE X,
MVC %t 5E T2, OB HE 5 4D MVC 2K FIEICKOHEE L., BIE L MVC (2%
FTHEIGEFK 5.3 17T, MVC OHEEEIZRIEEIZRL T 100£10.2%Tdh -7z,

BRJE L7 LTI, MMG @ RMS 28 MVC (2% L T 26+ 3.7%D 8 71 TRk (28 K3
HZEEHNVTMVCEHEE T 5, ZD72, RMS BNRAMEIZH KT 25F T, WMFEL~ L%
I+ AN ENHDH, RMS NAIEIZH KT AICHEL ~ L X0 . J0EWILHEL ~ L
D MMG ZHWT MVC ZHEE T HFIEEZB R T 572012, JELTZ MMG O JE 55 i
MraiT -7,

Z o IRILAE R D MMG IZFETE FA5 B CTHY . & D JE I ER AR AT 1305 7 8 35 B dr o
FEEZMVDLILERND D, FFHJE KM o F 1% 01212 Matching
Pursuit(MP)[63][6417238 %, MP 1315 5 &% B DR IEBAE(LLT | atom &92)LFkEE
FATH R LA B OB I E W B 5 A 1345 atom OBFE K S A O TR THFE
ETHD, 4 atom |& 1 DO KF [H JE W Bk 77 & 7o, 4 atom DOWFIE] A B E 3 ALY 1
7 F—454i (Winger Distribution :WD)XWH H XD, Z£D7=D MP X WD &5 LU
MR AL W A fRARE L 72 D, FT-. 2 S UL LR B W E ik 4 2 & e s 5D WD
WX T HEN AT H0, MPIXE 5D WD T, £ atom ® WD ZH H 45720,
TFWHEZECLSHERWFIETHD, RETIT, MMG O RF{E JE 3 BT IZ MP &2 iz,
MP 12 L3R D B 7= 05 8 8 3% 55 55 4 25 MMG O M1 JE 1 4t (Mean Power Frequency:
MPR)Z& L7,

5.4 |2 EBEIZ subl @R OEEINEI A 5%MVC/s BED MMG O BERS JE 1% $00y A
. FERICHAINEIS A 10%MVC/s BED MMG oD RF 5 & I #4570 % = 97, W5 R R I 5%
A3ATIE MP IZ&0sReD | Z DR 43 fRAEIL 0.001 B, J8 IR £ 45 fi# FE1T 1Hz, atom D #
BUIFEFAE 5 DRV F 3 -20dB 1T/ DI E Uz, Mt 38 e 5k (Hz), Al E
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AL S AU E R Co) . BF B I B o0 A DR EE NI T — N — RSN TVD IR
WVIEE TR, 25 B4 00 J8 3 35 0 TR FE 13 DR Z) O fe KO FREE CTIEH LI T\ 5,
5.4 &0, 10%MVC/s DREFJE B 5o 47 L0 5%MVC/s DI JE I E 53 45 DIEH 34
AR Sy 2 X D2 LN TED,

(%)
50 T T T T T T T T T

40 =R
p)|

30

20

B8R
HMVYC

-

MMG(m/s2)
o

ki

_02 1 1 1 1
0

time(s)

X 5.2 JIEFERD 14
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R T HE R

0 L | | L | 1 | L

time(s)

X 5.3 & /J-RMS BA{%

# 5.1 sub5 @ 5%MVC/s (2331} %MV Cpys

WMV C
PN 31
&/ME 25

5 +£SD 28+23
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# 5.2 FRITIZEITS subl~sub5 DUMV Cprys

sub | 5%MVC/s 8%MVC/s 10%MVC/s

1 21 30 26

2 26 22 25

3 16 24 24

4 31 26 26

5 28 25 25
E)+SD| 24+59 25+30 25+19

# 5.3 MVC O#EEE

sub | 5WMVC/s 8%MVC/s T10%MVC/s

6 80% 96% 90%
] 101% 95% 112%
114% 110% 107%
9 111% 97% 109%
10 104% 88% 92%
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| 5%MVC/s

Frequency
(Hz)

Freguency
(Hz)

0.2

0 ——— ; : = 0.0
0 10 20 30 40 50 60 7 80 90 100

time(%)
X 5.4 MMG O B[S B 5 1h

MPF (X KB4 5 3 DDA 2R LTz, MPE O EHIZX 5.5 1IZR”T, ¥ 5.5 D1
Bt TIE, MPF 13— EDOMEEXTHEMLIzb L, HDREBIEESHESIT/RD, HEE
DOFITIL, MPF DEEIZFIZ—EE R ->TWD, FEOHITIX, EEROHIEITHIZ
MPF [ 3B BN L, 35 s 28512 MPF OB MOEE N K &L 5, BRI B
72D RMS LEL720  MPE (23 A2 7SV 2R DT R A HILD,

sub5 X 5%MVC/s OREZE 5 [EfT>TWD03, K 5.5 IZ/RLIZEHIT MPF O7R 3
BE 1 DO/ AN E E S TWVRY, ZOZEND, [J— AR UK IO mE &<
FUTIHELTH, MMG @ MPF O BB IXEWEE 2 HD, £i2, ¥ 5.5 ITRLIZIE
I OEIMENE 1L MPF OIS FVEEE 5 2 I Eb B 2 biLd,

MPFE OB MEWZ L5 | A [Bl1E MPF OHE DAL 2805 MVC 2H#E T 5
ZEIIARFRETH T,
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T T T T
5%MVC/s:subl, sub5-1, sub5-3, sub5-5
50 8¥MVC/s: sub2, sub3, subd -
10%MVC/s 2 sub3

10 ! ! L ! I ! I

5%MVC/s: sub2, sub4, sub5-2
50 F 8%MVC/s:subl, sub5
10%MVC/s: sub2

DO
(e
T

T T
5%MVC/s:sub3, sub5—4
50 8WMVC/s: == .
10%MVC/s: subl, sub4, sub5

40+ y
[l
=Z a0t A
201 1
010 =20 30 20 50 60 70 80 90 100
time (%)
X 5.5MPF O FE B 2ELH
5.4 B

ARETITHT-2TORIT T, MMG @ RMS IZ MVC 12X LT 26 £3.7%DiE ) &5 12
Al FH A m AR L, RMS O2lE2 1 KL, H#) A7 (Motor Unit: MU)DTE
@Jﬁ%t@%ﬂ: XD DEBZBNDH, MU 1T, IHEIE B DS RERIBEN 2 ASED

R HE THE L S5 MU(Fast Type MU: FT-MU) &, UX#E 3 BE N B RAESESHE T
DIINEUNE R AED 5725 MU(Slow Type MU: ST-MU) &2 KBIEN5[22], FT-MU %
K EFT 2 MMG X ST-MU ZEE [ T DMMGEDE RIEN KEWNIENRBE TN
%[65][66], F7o, — MBI, HFBRAMEILA OE B I L TEBY67], FT-MU K &
+%5 MMG % ST-MU %f:tléﬁzs MMG E0b . JE AR LD DB D e
BEZBND, TNHOEHIZED  MMG DK 72 5/ #rHE I L > T MMG ORI IL KX
SERDEEZOND, ZL T, B ZBEH Tk, 30%5MVC LT IE, £EL T
ST-MU D&y BIZ Lo TS, ZNLL EOIR AT T 2121L FT-MU O @) 8 232
FLp5[68], ZNHDOZEEY RS OEIIZHES>T FT-MU QBB AR BI 2 EN
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RMS DRIEIEE KOJFK EE 2 Hivd, 2, D ZATEH AN DIMV Crys 135 WO B
HELOEEZLND,

Lol [A— A TH->THFT-MU & ST-MU OFEIEIIFH T LI B2 >TnD, TDT-
D 5T LI RMS MBI ZHE KT DMV Crys 1ZRRDETREND, ZDT20 KFiE
IZED MVC ZHEE T HITIE, & 5 O RMS 23 ITHE R F2%MV Crys ZHH BT LTI
SHENRHD, £lo, FT-MU BEELRWV b LUTIEF 1T 220 | Bl 2137 AR 169]
TIE. RMS OAMRRIE KN ISRV ATREMEN B D,

F7o. BALICKO G RRAEILZENE D08, FT-MU 2/ % 9 28 MR EDI1EH 53, ST-MU
R T DHMMEIVLEHRLT VIER S TWDIT0], D72, MVC IZ81T5
FT-MU & ST-MU O % G- NZEALL ., Fl— A DOFRLCH TH, il k>TRMS 282
W2 | 238 KT DMV Crys 2NN HZENE 2 HND,

[ — D THoTh, AFEIZES>TFT-MU & ST-MU OEGIZRRB[71], TDT=,
[Fl— D THo>Th, ANEIZE-TH RMS 28 2UE (2 K FD%MV Crys X 2DEE 25
b,

PLEDZENS, RMS OAME72HE KEHWT MVC Z2HEE 351213, L, Fl L
K ONNFEZ L2, RMS DN R2UMRITHE KT DIMV Crys R D TEIMER DD, HEE ST
MVC ZHWWHEET, FT-MU & ST-MU OFI A IZIZE AN ZEDRHHI L E T DM EN
5D,

MMG O R [E] J& 8 2000 A 13X 3R 1 O H N E & 8 K EW 10%MVC/s Ihb 5%MVC/s T
TR NRE R U THFIEL TI 0 & I JE ARk o 23 B L <es T D,
5%MVC/s 1Z 10%MVC/s LR L THR ) OEINEIE /NS WTewd | 10%MVC/s 12~ T
MMG MBEFETHDLHEE Z DIV, TDT=8, FEF A B O =3 XL E FIICFEL
T&FE 26D,

MPFE X 3 DOfHE a1 27~ LT, LodL, RMS (35E13R 7= Xoic e CRIBE D M 2 7R L
TUW e, RMS 1365 X RICH 1T H1E 5 O 2R TEZY, MP 12X R D 7o ] &
B MnoFFHD MPE 1345 RF 21 O JER B 53 D3R L THEY, MPF X RMS XY
b, KO REICIEE) AL OIS B AR XD E (L Z KL TWARTREE R &5, iR J I3 E B
HALOBE) B B BE LA T THIE N TEY, £/, MPF [ZEI BN Tn%
EE) AL O T KBEE O IRD |V ER T ERBINTND, ZOZEE MPE 23 3
DO Z R LTI e, LR J] T B AL O Bh B H e 5 K 1T R A%
EDHTEMIRIEIND,
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5.5 #& i

AT, S RAEREE IURE R O MMG @ RMS & W T, 20 el 0w Bito b
i " BEARIC I D MVC ZHEE T2 FIELHIE LT, KFIEIZED MVC OHEE fEIL5E
BB IZRTLT100E£10.2%F2 FE DM LR D2 L2 MERB LTz, BT LI-HEE TIEE WD &,
20~30% MVC RREDIESIT MVC BHEE TEH720H, MVC FEIERFFIZIE X THIE TS
i o D JE A AR Z IR O T 12 MVC B3R ODIEN A EEL IR 5T,
Fro, B BB UN O T, KETBHIELIZFIELH N TMVC OHEE N I HETH
DIER T HIENS B O ERE TH D,
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6 G wE

A X TIE, BEAFICBILIHRIEHOE &N FiEEL T, “MEEEZO
¥R EZHOWEYERKIEB O EEMNFTEMFEE BT HEKXN
(Electromyogram :EMG)Z FIV 7= 1% By o & & B0 RN FIE" 2 B Lz, 7z, i & X
(Mechanomyogram :MMG) ZH W T, i JIRL —=2 T O AR ERFICHLIEL R D5 K
6 & NG 1) (Maximum Voluntary Contraction :MVC)%Z g —SEAHICBI L CRE {8 12 HE
ETEHLFIEZRFE LI,

N PEAT 5 DA MR 2= % W o B (RTE Bh oo 8 B RO FEA A7 Tl IS AEL S
I AR 52 O CH RIEE 2570 32, MEEAE 52T 22 HiE, — &Iz,
INRINDOBRETHDHI=0 R E O F IO TH, B AEEZBRIT T ETowkERE O
BIL D72 NH | BRI A U DI AR B0 b (RIE B 23 T 5720 . H RO AL
HOFMe IR ETHD, — 7. “F X (Electromyogram :EMG)% FH W\ 7= #h{E B D
E BRI FE” TIE i T SICEMZ AT TN ERH LT | gBRE DA HITKRE
KBYbDERDD, H T EDIEEB Z RN TED, ZO 2/ ORI FiEA B LI LIT X
ST, PR ~DAH LT E RIS Ui il FIE AR IR TELLOITRY, i b
L—=V 7 RO ) e B 2R E T DT DI B RERTHLA I — =2 TR LU A
O E RIEE OGN Z G HZENAIREL /2o T2, FTo, BIF L7 MVC OH#EE FiEzE WD
ZETMVC BIERF VLI 2R 0D L MVC 2RO DHZEN A fEL IR o7,

UTFIZAEREDOENZRT,

5502 B TIE, B O Bl AR (2B D A B N B CH D E B BOAL, ) 00 UL
Rtk BB LU &I SWTHBAL,

o

3 E T, H B ATEIZIB T DI O & R K il 7 ) DI AR 5 2 E LT, Rk
DRIRD2 DD TV BNNAIRAT A IVEEAERLL | & 7 AV ZIZ Lo T S 7o ik
E B DRI O BIEENZFEAM LTz, 74/ Z ORI Ko TH AR IE B) O FEAT A3
BB TR L, HIRIGBOFMIX, 72 OFeME, TITIRIERFMEICL-TRARS
ZEELMNI LT, LIz3o T, RIUIEH EAR SIS W H (KIE B OFEl CTh-Th,
TANEOREEIZL S TREEN B2 ERDDH, D70 I G 5 O =
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(Standard Deviation: SD)Z W CTHIKIEE 2535 1L 2B % L. SD 13 BLAT FF
HIZVIZBITDIE DR il CELHZLE R LTz, KFIEZHNDIETH A 72
FEF RN DY, BIIS U e e Fe b 2 IR E T 20NN R 7 4 N 2 WA Z
L7 BV ) & T IR AR B D B IRIE B O A THZ & " REE LT,

FAETIT, EMGEHAWTHOIE B2 & BWICREM 92 FiE2 AW, B % TG
O PR . R BRE A . SRR, KRR A OIEE 2 E BAICHE L=, Ko
EEN BT RE L, 1 BICBI2EMOIEEIOR EE B TR, £ HOIEEIZ 1t
B L7z, BRI, RUEMAE, bLUXRCEBREICB T2 A £ Th-oThH, i
TLEOEEBIT R TW, BT EDIFENTRRDTD . M — =0 T R 2R
FATOTIE, T DIE BN & E ®mAIZFHAN T 2 L BN RSNz, AFIEICKVA
HAERICB T2 ORI ORENGLNDT20 ., BAKFOBE A MEZEMEZH =01
B OTE B R AR O LD A REMEDS RIB ST, AR KD BE I MEZEMEE B2
LR OTEB B2 1F D701, KFEZHA VT, BURFEOf; OIS 8 & 5F 952
EME I DFRETH D,

W5 B CIE. & RMEREE UG F O MMG D 385 (Root Mean Square :RMS)% >
T, 20 AT BrEo B “HEMBICBITD MVC 24H#E 5 FIEEE L, A
FTIEIZED MVC OHEEMITFERMEIZHT LT 10010 2%FE FE DL L2 5 - L MERR LT,
BRI LI-HEE FiEA A WDE, 20~30% MVC FEEDIE T MVC BNHEE TEDH720,
MVC FEHEIRF I HE A~ CRIE 3275 02 O JB AR 296 O 3712 MVC 23RO DT EN A HE
Llpole, Foo B “EHEM LS OH TH, AETHRBLIEFEZHNT MVC OH#HEE
NA[RE CHIMHER T HILENES B OB LI E TH D,
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Bk

R ST, BB B FEM KR FERERFAEFZPIAT M R EELED LD TH
2o
7] R 55 Bt R 2045 D /N K BRARZIT, i SCAE DO = % 5 2 TUWV2iZ& | FizH#
FIHIEVE A DT HREB I N2 EE L2 EITLBEH L, ZZIZESHLHB L
FFET,

SHIT, SR I L TR TSR HUR, T E2 Wil E&E Lz, THREIZ
. BB B EF L HEALER L B £,

R—=TALTEBEL, Bx DT E RN WiEESRA T (B TERFIERR) .
R KRB+, P RAEBFITHEL AL LT ET,

T, FAHESKRFE BRI BRI AT — v a JilIcBEL T S 2 WninitasE
L7c, DBEHLET,
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