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2. E LTRSS AR5, BRVE P& 710068

i EARRTFEARR SE T H AL LEIUA A bE  id il 8% R T 0K e R
W, 1% % (surface electromyography ,sEMG) & & T Borg CR-10 & & 89 £ 57K A, HFR T sEMG &) B
35 IRIBAFAELFE 75 ok AR £ 4K L@ = HL(support vector machine, SVM ) 125 LA J& 57 K 25
B A WUR TR R | EEINURA JE 57 ARG AR KM R ) 2 T R LA IR o7 R AREE B B A IR o7 4 R
AN BEAT O, 45 R R WU 34 Frak T AR 10989 WU A PR =k WL = A ALL 4455 AL, L R AR50
R FEA L T0% ; A o7 RAPAREAE 3 ANBETHF  Jh= kWAt LA H>H,>H, , = ANLA H,>H,
SH, ;U 53t Sk #5 AR i 10 3 Am | EROIUR IR 57 BT AR R | B SR AR AL A SRS AR ) B
TACEA —50M; % 5Kk SVM 3FF3d k3 S4F L P o9 L RVLR R 572 5 B # R KT 90%

x #
HRE 525 . TB472 SMERAR SRS A

BEE N TR BEFE BHR M Kk, A sh ki
TEREATILE T Z N . AHAE RBL R AL
SR ARG b R AR MR A
B SR MERE R, DL Ry 3 5 i 4R A& 44 07 Uk
JHZR e om AR ARk B TR
A ST AR — S % fE TR Y I E &
FARM SRR 25 SRR, B R 8 SRR AL
JULPR B 7 2 T AR A RE AR A (U i A
I, BEARAE ML 503 IR B 0 Taad S ARl s g %)
PEb N B3 38 1 T AR AR 5G9 WL Y B 8% 4 495 ( work-
related musculoskeletal disorders, WMSDs ) . H Hif,
WMSDs T ik 3 1] B 45 Ml s il T s F) B A5 ) 2t
=z 3L 3k AE Mk (overhead work ) 1F 55 30UR
8 WMSDs 11 3 XU 2D B H A AR ) e
T Y B S5 e X i e A AL kR b
FHSCAENL A BL Y WMSDs fr4 1Rk A D1 A e oA

Yrs B #3:2023-06-08

EETE SR sR Rl BRIk 45 (2021-JCJQ-1J-1018) K%K
2 E A AR L 45 9% ( 300102253107 ) 5 BE VG 44 Q15
fiE 7 3 # R (2020PT-014 ) %5 Bl
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HEX,

TENL TR G0, XML 2 B LR 9% 57 53
Mr# W5 2% 1 L H {5 5 (surface electromyography,
sEMG ) Al WURR G 1 R 45 G B2 A= B 0 B J T
IR TR G VAN . AN SCHR( 4 13 52 70 A AN [ it 2k
FelE XA sEMG AR sh 8, 455 Borg &2
WL 71 5 2% (rating of perceived exertion, RPE) B
WP B HR A G i T LA AR g 982 55 4 22 A KL
5 SCHR[ 6 ] SR A2 A3 At 1 M0 2 1 32 Ml 26 e ARl o
R IR B B VE 1) SEMG T Borg CR-10 FW03%
FFEFEGL, TS B W 55 PEAS 5 SCER [ 7
Xof 225 B o R TP ORT SRS AR AN [) g 614072 Bl R iR A T AR
PR AL A B 2 I N SEMG SR8, 3T F ] Borg RPE 7
FHEAT NN 55 Z Vel A5 5 SCHR [ 8 1 A AT FEAR I il
st A 6 A R RO R AR & i e BE XM A
SUEER 7 B 5 2 G S50 O AR FE DGR bR E
sEMG Fil Borg RPE 2317408 ; SCHK[ 9 1K sSEMG
FI NASA-TLX 43" 454 R e sl i &l oA
[F) B AR AT AUk e e 2680 5 B RORTA B L
PG B EE AR SRl S TAE S R G 2R, 3l
WA B IE B F 5 WMSDs 1B $2 ik 2 2% 5 SCik
[ LG T T4 42 s AT b e 5 008 2 Fl 4
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¥ 542 %

RO B = SR URNARE 7 LWL IR 3% 20 B -8 11 0 K& &=
AT BE RS20, 4R R SEMG |, = 2 115 g R 4R 1
F- 0t SR HE AT RPE WU 125 5 e #r , 2
MECTFHEG5 R A LA T /)

Fad KA — M S WTF-1E TR B LA B T
VB, HOR B AL % 355 08 805 23 Rl 3 A B 7
FHIE S5 DR T R 25 G AR A Ml L 48 4
WMSDs' ", — st 5wt Fod S e L B sh X 1
e B AN TFad Sk BY Y R R
AR TR RN 5L O 57 R AR R AT T ARSE, 43 A OT
P TR S T AR A T ) A
W BRI XAV &5 BE R SR B 9% 57 ARk
KFET SEMG 1Y L REVLIRIE 55 53 2807 L A R 38
ez Wit HE,

FEXF AR AR SGE A SR TR T 10 7
PR TE 3 DA T S TSR = BT A A
KL sSEMG Fl Borg CR-10 3 WIK 55 25 9% BF 5T
T sEMG (B AUS AR AE T H 505 0k 51 A 240 2R
SR AL BRI 55 RS . 456 S g, X
WLPA BTk 3 | 3= B WNILIRI 9% 55 FRAE AR OCHE AN [R] ey
JETF LR 57 BAHET K9 57 73 20 1) 25 SRt
57 5481,

1 ERALAES 5%

1.1 EWXRMEXEE

1) SEEX4

TERE AL TR IR R B L R vh /Rl A DR 7 22
] F4F T H I H AR FE T 5 Sk 408 8 8 I aif
RIMAAEN G S AFFIEE T T 55 170~180 em Z
i), 5L 2% B 4k 18 5 5 N BURE , AR 98T
FRRTFad Sk I ER SV, 65 10 45 BRA{a Rl 1) 55 o
REp RS (ARl (23+2) % B (17522.5) em
K (65+5) k) fE MBI, A B3 A R T
P IUL PR B T A DG s, SRR T 3 N TR
DB 050G , IE RSB A 72 h N R Z6s 31, ke
G L IR 55 Xof D0 1 235 SR s

2) SLEEA

sEMG R4 1% & KF| BTS Bioengineering N
7Y 8 JE BTS FreeEMG 1000 o4k 2% ifi ULHL &
3 HU R 3k FATO N SR G TR 2k L 2B AT BR 2N w) A
) — R MERR AR (Ag/ AgCl) L Fr s FHEIT
B 12 ~FIE ST, 1 0.66 ke,

12 XWAR

MG SCER [ 15], B2 R F 22w
L REE BRI LA TS B, PRt S S BB i A
MR (my ) =KW (my) B =KL (my) L =
FANLCm,) BEASIL (ms) oGS L (mg) A7 L
(m,) RN (mg ) PEAT SEMG SREE, & HLIAN B A5
B 1R,

B LALESS S

HARSTE R BRANT

1) SEEY R0 A 2 PR 2 N TR A Y 2=
26°C , BOAAE I S e 4R B P IR F IR A e ik
7R LB 1 min,

2) BEJPRI i - o P 0B A A K0
SR (K BR AT AR ) | LABBE > BE R BTBH XT 52 56
W 1 WL R

3) KA RS - RSP DU L P 2T 4 A T 4K I
RN E A U o AL i =Sk WL B =Sk L =1
JIL R A5 WL 0 s Jeks UL 4 D5 UL 5 I JUL A LR
AL

4) FHRARF L HSML . PR I R L B
W HIAT S5 F H A Fid 3k 0(H, ) ,5(H,) ,10 cm
(Hy)3 A BEREAT S0, (eI S TR i, %A
BT I3, & BAE i BE Hy ARl 5 min 2245
I BT A ORI A BB R o7 RS . SEseh, SEg A
G 2R IR P g L A e 2 4 R il el AR 2
TR B B w25 B 1 em W BARSEIRAERR |
FORT AT S, P, SR, BRI B A
AFHEWRFAET S TR H, H, Hy 3 D
FETRAF 5 min, — R — USRS B 2
PP 2 AR R 2 b, G UA TR =
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W IEBE 45 Tad S S AL B B JROIL P 55 R PERIF 5T - 569 -

IR, PRAEAN XS T VR S 50 4500 15 Js il

5) RAE SEMG : i Sk ARl T G iof 457 232 SR
I sEMG, 75 R 5 o 2 v 2R S8 A 51 i 21 W15
SRR O, LA ) BL R A 2 W T A H A = A1
LIRS

6) 1% E I 57 187 . LI RT IR TR Borg
CR-10 SR (W3 1) B W97 73 K07 2, sEMG K
R BRI 1 min 8 1A) 8 R 55 183z I

HATEHRIE %
&1 Borg CR-10 %
gl F I 57 I
0 —SAEAESY

0.5 ARFARE R ST , JLTHELIEE 5
e H B0 55 (R bE 3E AAE M, B A T ] 1
A7)
2 RERES (CHEARIIRE)
3 RS (RN B R, PTHRESE T )
4 WESVE ST (BRI )
P (A9 5 (R B SR R L O 1 AR )

1

S T T )
o TR (LR A, O
B M R )
o RN (I ), Kk

FrEE e sl )
10 A3 B4 PR DRI s 55 , ks A R

JULFE SEB AN 2 B

4

B
Ocm ~ Scm y
R oy

B2 HLHscs:

2 sEMG #iEAbIE

2.1 EHETALIE

1) P

K FH 50 Hz 1) B I 08 I 25 25 B THE 5 T4
K H1 20~500 Hz Y77 38 38 23 SR AT 20 Hz Fls T
500 Hz [ O B8 =LA 515 B R A /NI 3
1 25 M T 54 L 3 1) R I LA B WL R A 5 b A e 30T

—=

Mol

2) i

Ve PR R T 2, DUPRAIER 46 2 A WL AR
SR SERAE, B 1R BSOS A M S e UL T S
SREENT

3) H—fk

I ERE DA E5 R (A RYIINEER S SN FE RO NI RSN
{5 AT 16 ARG A B AR T L Y sl 2
AP SR A R A Y 22 5
2.2 sEMG #HEREX

sEMG 2—ZEmf (B P95 5, RA R F S
55 ML L R I ORI A3 A vk A 7
FEOETIT

1) Wb

I AL RS SEMG B AE LI TE] D [ 28 5 7Y e
B, 2o BT UVAR 5 f B Ry 5 s, B AT v s |
TR R SR, BT R IE S 5
FEFA WLHL{E (integral electromyography , IEMG) (3]
JTARAE (root mean square, RMS) | & {& 4 X% {5 ¥ {5
(mean absolute value, MAV) & Hodr ) IEMG  RMS
W0 T R AE— Bt 1) AL PA i JULRRL (L RS i
SRR IR B TEMG Fl RMS 4 9 %20 4

fetw.
IEMG T8 7 H
/\IEMG:;‘XL" (1)
A X, R LR N BRI B b Ak %
HS s,
RMS iHE 5N

)‘RMS -

2) WO

XF sEMG A0 Wi BL A8 46 n] LIS 30575 1 43
TEAEE . MWL & A 95 B, SEMG 11 ) 3 4% — fig
23 F A ] IR AL | S 127 2 3205 % (mean power
frequency , MPF) F1H 13 4% ( median frequency, MF)
HREE N RS R X A S 801 LA 9
F7HHIE

MPF FI MF Z3 M7 8 6 % dh sEMG AR 12
e A BN R HE P(f) , AT

MPF 5N

fa f2
N = | 1P| PO (3)
i, £ =20 Hz,f, = 500 Hz,

(2)

1 & )
Nzxi

=1
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MF 8 AN P+ a XRN:
1 (2 i
AW=5L”ﬂy (4) W=D azy, (7)
1 i=1
M
D(y) =sign( X, a,zK(y,,y) +b)  (8)
i=1

3 BEFEaRITHERE=NIlRES
RS H

SZHe AL (support vector machine, SVM ) J& 4
TFTHIT#HISH) VC Qﬁ( Vapnik-Chervonenkis dimen-
sion ) BB HN 45 A8 XU 27 fie /N BRAS BERilt B 7Y — Fh AL
fep Bk B E 2] rifs R R > R GEAE A
B 2] FIER 0 [E) AR A0 A7 SVML Y IR
RMUZHE ST — A e L7028 F1f (optimal separating
hyperplane , OSH ) J 3 pREL, (75 2B 432610 2 K2
B 1) 4 e K AR

F4 Borg CR-10 & 210 5% 1 Fad LRk b
LD 55 5080 , 45 AN TR B B 1 sEMG A iR {E 3] 73y
Tﬁ%m 143 JESF LI (2~3 4%) JE57 (4~ 10

503 BB, SVM B2 3 KT A — X — X
Z A [ O kS Horh— X — AT 1) o 2R

B RA BRI 32k,
B SEMG {55 Ik BUsCRRAE (L S y =

(Y1s¥asmss o) s LTI 55 3 RIE N 2 = (2,2,
nw%ﬁ%Aﬁ$%%ﬁHm,an@%m,
(yarzn) | AERRIEN 2, € {1,2,3}( = 1,2,
ﬂﬂo%ﬁxﬂﬁ%%ﬁﬁW§ﬁ£QWW%ﬁﬂ
& WAL B AR 5 LA

1 M
mln(zw w + Cz )

Z(wy+b) =1-¢

s.t: ! (5)
& =0
Krfew i M dEzs i C o IE T S50 N IR

B,
L_iiiiﬂ§EHEijiﬁicx1?ﬁ$ i (s) *E‘Tié%ﬁjb

M M

min L(a) = — Z ZzzaaK(y ) Za
i=1 j=1
O$ai<C
s.t{ m (6)
20‘52520

i=1

KT, Ky,y,) FEEAK (y ) = e ot
RTiTHE w 525 JEUIERRH D (y) T AR B

4 LIRS

41 HA=REE

LA BT Bk 2202 48 — P IL IR 78 58 L — Bl PE B
()74 L HA B 55 i A LAY 1) ~F- 34 L R S A )
o3 L, B RS S B[] — A [ AL R sl (] % XA
IR AL PRI 7 58 B — BV STk AR BE I K/ ﬁ3AT
) ok Sk i B T TSR AR 1Y 8 HLILIA 43l T 5
ROERINR 2~4 PR, A8 gl LA 7 T
L FSVEN Y ST SR, 7 = H B, LA
SRR E 25N (my) > (my) > (my) >
(mg) > (m) > (my) > (mg) > (mg) ;fERE H,
BF, LA BTkl i 285058 2 (my) > (my) >
(my) > (mg) > (my) > (m) > (mg) > (ms)ﬂp
I Hy B LA STER R s 2 AR B (my) >
(my) > (my) > (my) > (mg) > (my) > (mg) >
(my) ., H, SEkE L 10% WAL 5 5310 &
WL = AL B =Sk WL, BLAE 3 AN TR 3 3L
Rt TTEk AT 70%

%2 BEH HHIARSRE
WL BTk %

m, m, my m, ms mg Mm,; My

Bk

1 4 15 4 27 4 1 43 2
2 8 10 5 17 5 7 40 8
3 8 11

~

30 7 10 23 7
4 6 10 19 2 2 51 7

3
3 15 2 24

S}
[\

5 44 8
6 4 13 5 29 4 7 28 10
7 5 11 6 14 7 4 43 10
8 7 10 5 24 5 1 4 6
9 3 17 10 18 3 6 37 6
0o 3 12 3 2 5 3 48 4
A

5.1 124 47 224 44 43 399 6.8




%34 WA E | 55 . Tk Sk W A ML L I LR % 55 R IS - 571 -
%3 BEH HHIAEHKE *4 BEH, HHNAEHE
WL BTk % WL BTk %
Pk ik
m, m, m; m, ms mg m, my m, m, m; m, ms mg m; my
1 4 14 6 17 4 5 40 10 1 6 14 5 14 2 1 52 6
2 5 12 3 23 5 4 42 6 2 6 10 5 17 3 3 51
3 6 15 5 18 3 7 40 6 3 7 12 4 21 3 3 43 7
4 7 13 8 27 3 2 34 6 4 4 14 4 24 3 1 44 6
5 2 11 6 31 2 3 41 4 5 4 14 7 19 2 6 44 4
6 2 16 5 19 2 1 47 8 6 3 17 10 18 3 6 37 6
7 6 13 8 18 9 8 28 10 7 7 14 6 17 4 5 40 7
8 3 14 5 17 1 1 53 6 8 3 13 8 20 3 8 40 5
9 4 15 5 30 2 1 39 4 9 7 13 8 20 4 2 40 6
10 5 15 5 28 1 1 36 9 10 3 11 7 16 3 6 50 4
¥ 44 138 56 228 32 33 40 6.9 P 5 132 64 18.6 3 4.1 44.1 5.6
4.2 XS BRI r e BEARTE T RMS 5 Borg CR-10 3

WEARE Fad Sk & R 8 HLULAAY TEMG  RMS |
MPF MF 4351 5 % i 9 32 UL Borg CR-10 5 543
4T Spearman A S4BT, A5 R UWER 5 s, AT
1 ZEAS A WLH R AE 1, IEMG . RMS 5 Borg CR-10
HHREEIEMHX, H IEMG 5 Borg CR-10 %15

PRI BRI re (24 HUBHE Y ripe = rous IH 22
4H,591.7%) , MPF MF 5 Borg CR-10 %15/}
L1715, B MPF 5 Borg CR-10 524573 AH 61k
rups TEKSE T MF 5 Borg CR-10 & 2154 B AH X7k
rae (24 HEHREF rype=ry BOH 23 4, 15 95.8%) .

x5 8 HALARE SUSHFIES Borg CR-10 2R 1F 5 8 A9 XD

MR AR
Ttk WUHLFAE
m, m, my m, ms mg m, my

IEMG 0.276  0.922" 0.286 0.917° 0.300  0.497 0.902°  0.503

RMS 0.265 0.922° 0.236 0.917° 0.284  0.461 0.902°  0.483

s MPF -0.361 -0.952" " -0.310 -0.920" -0.127 -0.246 -0.870" -0.256
MF -0.153 -0.918" -0.292 -0.901* -0.077 -0.013 -0.804 -0.078

IEMG 0.384 0.957"" 0.552 0.933"" 0.326 0.287 0.916" 0.241

RMS 0.344 0.947°" 0.541 0.933"° 0.306 0.317 0.916" 0.276

" MPF -0.037 -0.927" " -0.472 -0.934" " -0.776 -0.249 -0.903" -0.303
MF -0.043 -0.917" -0.418 -0.925"" -0.650 -0.138 -0.887" -0.252

IEMG 0.365 0.869" 0.558 0.935""  0.363 0.020 0.995"" 0.344

RMS 0.296  0.849 0.528 0.925""  0.363 0.010 0.985"" 0.318

" MPF -0.137 -0.976" " -0.735 -0.951"" -0.504 -0.428 -0.864" -0.776
MF -0.017 -0.938" " -0.685 -0.928" " -0.484 -0.247 -0.841 -0.612

L ox "RE P<0.05,¢ + + "R FE P<0.01
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L,

L
&3

e

JEZSRAL (my) =AW (my) FIRT AL (m, ) 1Y
WL FFIES Borg CR-10 5 3R153 0 AH G B 1B 3%,
HAMAASEA AN, HAPXT m,,P < 0.01 1Y
17 50% ,P < 0.05 # &5 91.7% ; % T m, ,P < 0.01 Y
1 66.7% ,P < 0.05 i 15 100% ; %f m, , P < 0.01 B 5
16.7% ,P < 0.05 1,5 83.4%, x5 4.1 P frifa
(LA TTER 25 R — B, J5 SC FEZEF XX 3 LA
EATIE 55 FR PR 5T .

4.3 HEHESISIEREHRERS T

10 41X IEMG \RMS \MPF 1 MF 72 {64351
EAARRIE SO A 1 AL L PR B R e s 1
AT 3~4 Fn, AT, B it Sk #as
YRR AT, B i L IR 3 2 32 3 R AR, TEMG Al
RMS A2 I HZMA 2 mh Ry
JHIEEL, MPF Fl MF i 43 R4 F R R A JF B
Frad 3k v B MR MPF BT 7 (440045 il 2 Ak 2R 446

~+—k=0.000 399 36 (R°=0.731 81)

{ECR

—— k=0.000 704 69 (R*=0.621 07)

——k=0.001 062 9 (R*=0.719 4)

0.14 0.16
- 5 014
g 0.12 g
@ =012
0.10
0.10
0 20 40 s % 20 40 60 0.085 20 40 60
i BE i Bt B
0.055] ——£=0.000 299 35 (R*=0.835 15) 0.11f ——£=0.000 479 55 (R*=0.656 23) 0.10f —— £=0.000 574 66 (R*=0.744 96)
w0045 o 0-09 n
b b b
4 4 -4
0.035 0.07
0.025 0.05
20 40 60 20 40 60
B I B
a) H, b) H,
K3 #dA L (m, ) IEMG T RMS 224k
—— k=-0.169 38 (R*=0.629 14) Loof 017172 (R*=0.768 12) ol ™ k=-0.235 97 (R*=0.670 89)
94
96
90 110
& SRy &
= = =
86 gsl
100
82 84f
78 . . . . ‘ ; . . :
0 20 40 60 805 20 40 60 % 20 40 60
Bt B i BE
= 2: —e— fe=— 2: —— fr=—1 2:
g4 —k=-0.155 33 (R"=0.695 07) go] —=—k=0.167 06 (R*=0.651 28) % k=-0.170 03 (R*=0.691 94)
90 86
= = =
86 82
75
82) 78
78| , L ) 74 " , s 70 L | )
20 40 60 20 40 60 0 20 40 60
it BE i Bt Bt
a) H, b) H, ¢ H,

K4 BadE I Il (m, ) MPF Al MF 221k
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XF 10 437 Bl i I SR AR AT 20 A vl 6 s,
2 VAU AUE RER SN G BT, SAREE R sk
&6 sEMG RHEFSTSFENBETH SEENEER

W il]N:N - WIHE R AR v ERE K AR
S (% £5,) (%,%5,) (%,£5,) (%,£s,) (xsts,)

H,  0.0073£0.0037  0.020 5:0.0047  0.013 1+0.0047  (1.68£0.351)x10™*  0.88=0.07

IEMG  H,  0.0093+0.0036  0.0235:0.006 1  0.014 3:0.0033  (2.04+0.625)x10™  0.74=0.09

H,  0.0138£0.0082  0.0342+0.0138  0.0203:0.0064  (3.01x0.771)x10™*  0.730.08

H,  0.0067+0.0026  0.017 7£0.0053  0.010 90.003 4  (1.51£0.473)x10™*  0.7220.09

RMS H,  0.0064:0.0029  0.018 6x0.0048  0.012 1:0.004 8  (1.89+0.543)x10™  0.87=0.08

H,  0.0109£0.006 1  0.0254+0.0097  0.014 60.0044  (2.35£0.591)x10™*  0.74+0.09

" H, 113.0514.11 81.48=10.61 31.57+5.74 ~0.4720.12 0.81£0.10

MPF  H, 127.96+16.33 84.67+12.22 43.29+8.30 ~0.67+0.16 0.8120.11

H, 120.59:£10.80 70.62+7.69 49.98+8.08 ~0.75+0.13 0.870.04

H, 113.59+6.57 74.53+5.98 39.06:4.54 ~0.54+0.09 0.78=0.09

MF  H, 108.1114.99 57.91+7.35 42.00+12.66 ~0.69+0.25 0.78+0.12

H, 110.52+11.65 62.98+11.59 47.55+11.67 ~0.72+0.22 0.76+0.14

H,  0.0307+0.0100  0.054 4x0.0177  0.0237+0.0137  (3.39+1.66)x10™*  0.66x0.11

IEMG  H,  0.0405:0.0265  0.077 9+0.048 1  0.037 4+0.0219  (5.33:2.92)x10™*  0.75:0.11

H,  0.0339£0.0143  0.0585:0.0239  0.0245:0.0102  (3.53+1.55)x10™*  0.75:0.08

H, 0023 1x0.0083  0.041 9+0.0126  0.0188+0.0099  (2.64x1.29)x10*  0.700.06

RMS H,  0.030 7:0.0199  0.056 7+0.034 8  0.026 1£0.016 1  (4.14+2.29)x10™*  0.790.09

H,  0.0349£0.0039  0.0593+0.0070  0.0243x0.0042  (3.78£0.38)x10™*  0.78+0.06

" H, 102.8516.68 85.62+14.01 17.23+6.64 ~0.2620.11 0.71+0.16

MPF  H, 105.57+13.88 82.1010.996 23.47+7.09 ~0.36+0.09 0.860.09

H, 110.37+12.80 89.19+12.84 21.18+4.15 ~0.29+0.07 0.79+0.11

H, 91.22+12.99 76.22+12.43 14.99+3.93 ~0.22+0.06 0.69+0.09

MF  H, 96.53+11.84 70.84:+6.49 25.69+6.03 ~0.35+0.05 0.87+0.03

H, 94.72+8.65 75.54+10.32 19.19+3.07 ~0.28+0.07 0.76+0.03

H,  0.0534x0.0134  0.080 4:0.0194  0.027 1+0.009 3  (4.04+1.47)x10"*  0.630.12

IEMG  H,  0.0819+0.0103  0.1269+0.016 7  0.044 9+0.007 1  (6.66+1.49)x10™*  0.66:0.12

H,  0.0904:0.0186  0.143 5:0.0440  0.053 1x0.027 1  (8.10£3.90)x10™*  0.64=0.09

H,  0.04020.0098  0.0629+0.0152  0.022 8£0.0067  (3.14+1.13)x10™*  0.70+0.08

RMS H,  0.0634:0.0081  0.0954+0.013 1  0.031 9x0.0062  (5.15:1.22)x10™*  0.69+0.06

H,  0.0653:0.008 1  0.100 0:0.0254  0.034 8200184  (5.3622.16)x10*  0.70£0.09

" H, 86.18+3.62 76.60+3.51 9.58+0.71 ~0.1620.02 0.640.09

MPF 1, 103.51+5.47 92.53+5.92 10.98+2.27 ~0.180.04 0.74+0.16

H, 103.48:+9.44 85..36+5.67 18.13+3.78 ~0.20+0.03 0.65+0.02

H, 91.00+4.52 81.82+3.39 9.19+1.12 ~0.14+0.01 0.67+0.03

MF A, 75.69+4.67 66.29+3.72 9.40+1.03 ~0.150.03 0.6120.07

H, 85.18+13.27 72.38+5.85 12.79+7.58 ~0.17+0.10 0.640.08

Hodr, x5, = 1,2,--+,5) B0 BERERIEE KT 0.6(P < 0.01) , AR LK,
FHME B EE S5z, WG 8 R & KE L =3k L (m,) , H: IEMG . RMS MPF i1 MF
N1, B | DAL X LI A S R BTXERLAY VR K AR H, RO, HRO H,  AE H,
W RS R SO A L B B K 4 4 By /0N, BAE T2 Sk Ak s AR i =Sk WL (my, ) 9% 57
R 3 BULA R B S AR bR A B ge ity BURBIERREVNSIN Hy > Hy, > H .

BEU(P < 0.05), HEHEMA ML RHIAE R, R X=FWL(m, ), H TEMG RMS MPF HI MF fif
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2 2% 542 5

XFILAY VK AR Hy WK HROh Hy 78 H, Wi
AN, BIFEF L S Eb A R R = AL (my ) 255 B SRR
BEH KRBV, H, > Hy > H,

SFETTAL(m,) ,JEMG . RMS \MPF FI MF f %} i
)V R K TEm BE Hy R, ko H,y 78 H,
AN, BIFEF A S AR AR AR T L (m, ) 9% 55 B 2
R RBNT AR H, > Hy, > H,,

XF 3 SWLATE 3 4> B Y IEMG F1 RMS \MPF
FME %08 50 312k 47 % b, TEMG (0 28 (L AR B v T
RMS (9 4 2L Viewe = Viws s Kine = Kiuss
4 8 41, itk 88.9% ) , MPF AR fL L 5 T MF (9 41
Bl ABE Ve = Vi SRR Ky = Ky 1935
ATH, 5 77.8%) , UWITET i LR #
H1, IEMG 1 RMS MPF F1 MF 468 %5 LA 9% 55 25 1k,

1.0,
0.8

0.6

R

AT R, H AR b R 3 HA — 3k
44 FEHEFHEER

¥45 5 min 19 sSMEG B0 60 B B,
AIFBALE 5 s (1) sEMG 58, X R —F 0 3k i
AAEM 5 BE T BN 98 55 B BEAS B 100 BB, St
11300 AT BEHEST SVM 9% 554325, Horp 7R R0
95 B Bk % 809% I BAE Il 2k, T 4% 209% (1 i
BAERIREE . 43 3 ATl Sk el o i it
15 SVM 4328318 I i MR A 43 2845 J (1 R R
DL K ¥ 52 & # /E i £ ( receiver operating
characteristic, ROC) X} 3% 55 70 2 25 T b A7 PFAl | 45
W s frs, Al IEMG RMS MPF #1 MF A SVM
BRI 9% 55 53 S HERR R Y R T 90% , BAT 8453

— IEMG(AUC:0.900 7, #iffi % : 98.33 %)

—IEMG (AUC:0.912 1, i : 96.67 %)

— IEMG(AUC:0.912 1, #E#fj % : 96.67 %)

0.4f — RMS(AUC:0.898 3, i %: 96.67 %) 0.4 RMS(AUC:0.8712, HEHfi=: 96.67 %) 0.4} — RMS(AUC:0.8712, Hffi=: 96.67 %)
MPF(AUC:0.898 5, #Ef§ % :96.67 %) MPF(AUC:0.8819, # % :93.63 %) MPF(AUC:0.8819, #iffi % :93.33 %)
— MF(AUC:0.840 0, e : 96.67 %) — MF(AUC:0.876 6, A% : 91.67 %) — MF(AUC:0.876 6, HERfi 3% : 91.67 %)
0'20 0.2 0.4 0.6 0.8 1.0 0'20 0.2 0.4 0.6 0.8 1.0 0'20 0.2 0.4 0.6 0.8 1.0
AR HE AR HE e
a) H, b) H, ¢ H
El'5 SVM %] ROC B2k
FIW(m,) > ZfMAl(m,) > BE=KkN(m,) > &
5 & WL mg) > BIKML(m,) > BE=KML(my) > BEAS
WL(ms) > BeMiiJE L (mg) s &R H, 1 &7 L
Foid ARl TR A SR dedr 36 Omo) > ZMLGmy) > BEZSWL(m,) > WAL

Be AR i B 2, SRR AL A 53 9% 55 7 1IE
SR I 7 5 % 5 Ak K Bl fi e B e oA — e 4
SENX, AR T LSRG LR 55
etk Bt T 3 AT S B R SR SE 5 R
T2k 5% 18 JULHL A F Borg CR-10 4 % 2R 4R ik Y
sEMG H4iE 5 == WU 57 B, WF 58 1 B SR AR 50 1
Fb s R B 55 4 207k o B LR A TR 5
WA 55 AR DM | B 35 AR I A3 AT B 55 41
KT SRS T .

1) T LF SR, SRR 10% LA
SRR (my) =AML (my) EZ3Sk WL (m,)
H3 A3 NEETHRITFTTiESI KT
70% ., WLATTHER B & AR5 5008 . SRR H R

(mg) > PE=KkML(my) > BIRML(m,) > el
W(mg) > BEBENL(ms) s BE R Hy B, &7 L (m, )
> Z“Hf(m,) > BEZKAL(my) > BE=3KkML(m,)
> HIEM(mg) > BRI (m,) > BeflBi)m L (mg)
> JERRIWL(ms) .

2) BEEAE L E] 3G hn, LRI 57 B AR 2R
s 3l A5 0 840, A5 3R R AE /)N, H TEMG F RMS
MPF F1 MF A8k a3 B AT — 3k

3) FEFL S FASME R 3 A, =3k ML
(m,) BPESFRERE M KRBV N S0 H, > H, >
H,; =FANL(m,) B9 55 FUEFEEE i KB/ N0k
H, > H, > H ; ®ITHL(m,) B99%55 T RFREL o KH)
INGINR Hy > Hy > Hy o BT SRl e B sy
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WSk (my ) RV WL (my ) #0598 55, {8 = A L
(m,) P ZERE,

4) EXtFad Sk SR B 55 32
2453205 SVM X 3 AR e BE T B sl Rt 3 i) 43 2%
HEWR KT 90% , Ui %7 1% REAS AR F5 7l A B
(1) sSEGM A8 R B ML H 9 L IR 98 57, DT T4 -

Ao SRS AR H e UL PA 5 £ XU, 2D WMSDs 1
R,

ARSI AT X Tad S S Al i LRI
W IT IO, Ja SRR ARYE S P AT 55 Y B A8 Fad Sk A
B, 255 A3 AL TR R4 3 — 2D AF 5T
SR,
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Research on muscle fatigue of upper limb in overhead static work

1 . 1 .o 2 2 . o
YANG Yanpu , AN Weilan' , HAN Zhongjian®, FAN Yu”, YANG Qinxia
1.Key Laboratory of Road Construction Technology and Equipment of MOE, Chang’an University, Xi’an 710064, China;
2.The 20th Research Institute of China Electronics Technology Group Corporation, Xi'an 710068, China

Abstract; To explore the muscle fatigue features of upper limb at different heights in overhead static work, an ex-
periment was conducted to obtain the surface electromyography (sEMG) of subjects and their subjective fatigue
state based on Borg CR-10 scale. The processing methods of time domain and frequency domain features of sEMG
were studied and the multiclass support vector machine (SVM) was used to identify the state of muscle fatigue. By
analyzing the muscular contribution, the correlation of subjective ratings and objective muscle fatigue features,
ranking order of muscle fatigue accumulation, and muscular fatigue classification and identification, the results
show that the muscles contribute above 10% on average are the biceps, deltoid and trapezius, and their cumulative
contribution exceeds 70% ; and the ranking orders of muscle fatigue accumulation in three heights are H;>H,>H, for
biceps and trapezius and H,>H,>H, for deltoid; and with the time increase of overhand static operation, the muscle
fatigue of upper limb gradually accumulates, resulting in the value of time domain features increases and the fre-
quency domain features decreases, and their changes are consistent; and the accuracy of multiclass SVM is above

90% for identifying muscle fatigue of upper limb in overhead static work.

Keywords: ergonomics; overhead static work ; muscle fatigue ; surface electromyography; support vector machine

SIEE AR, YR, BHS, F FRAXBIELE EFHAREGHEFIL[T]. BTN AZFZFR, 2024,42(3)
567-576
YANG Yanpu, AN Weilan, HAN Zhongjian, et al. Research on muscle fatigue of upper limb in overhead static work[J].
Journal of Northwestern Polytechnical University, 2024, 42(3) : 567-576 (in Chinese)

© 2024 Journal of Northwestern Polytechnical University.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (hitp://creativecommons.org/licenses/by/4.0) , which

permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.





