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An SEMG-JASA evaluation model for the neck fatigue of subway phubbers

JIA Miao', YANG Zhongliang', CHEN Yumiao’

(1. College of Mechanical Engineering, Donghua University, Shanghai 201620; 2. School of Art Design and Media, East China Uni-
versity of Science and Technology, Shanghai 200237)

Abstract: With the development of society, subway phubbers have been seen everywhere on the subway. To analyze the
relationship between neck muscle fatigue and bowing time of subway phubbers, this study proposes a neck muscle fa-
tigue evaluation model based on the amplitude—frequency joint analysis method. In the experiment, 10 participants were
recruited to collect the surface electromyogram signals of their neck muscles. The fatigue degree of their neck muscles
in different time quanta was compared with the fatigue joint analysis model. Results showed that the median frequen-
cies of the trapezius and scalp muscle exhibited a downward trend, whereas the root—-mean—square values exhibited an
upward trend, indicating that muscle fatigue was obvious. Moreover, the fatigue degree of the neck muscle gradually in-
creased with the increase in bowing time of subway phubbers when using a mobile phone. The experiment validates the
effectiveness of the fatigue evaluation model. The model can alert passengers to fatigue, help passengers form good mo-

bile phone usage habits, and provide a basis for the development of an intelligent wear system.
Keywords: muscle fatigue; surface electromyography; phubber; time domain index; frequency domain index; amp-

litude-frequency joint analysis; leading experiment; evaluation model

T[] SHUME SR 1) 0 AR B AF L T+ B T4

gz%?g;‘é;% . - e, Mk B 2 O B AT I BT RS T A,
: IRBL L 2T H (51305077); AR St - o .
’ ﬂﬁj;%’;mg{gmlj (5232(5181)3-27);)-3)??1%"&?%%%‘ﬁ{é DISR T B o, A 16 Sk Lk, B H AR
IR <N s - R A e O i S L gy N N ke S
(2014E10014): 2017 A4 e 2 F s b e b pe s e 2N — TOT AW il id Sl ge & B, gk 1
H

L GOUTID: LU E IV RBIRERIIE e A PG, BR8]

FEE(EE : 1055, E-mail: yzl@dhu.cdu.cn. TR R R 016, BRI SR R B A U



https://doi.org/10.11992/tis.201810009
mailto:yzl@dhu.edu.cn

* 706

F15E

— >t B ] A 2 — A 2 TRl

Chotpitayasunondh 25 % $ 1 I 3k 5 — 179
2523 PR ] SR AR Sk B LA B . SR,
R 2 ISk 2 5 & S0 UL IR 8 vk 57 i ) S R
H B st 22 fifg 55058 JIL PR 9% 57 W] DL A A% b T By #5
HE PG 0 & £, H T2 i WLEL (surface elec-
tromyography, SEMG) j& — Ff 3 54 405 14 W I B¢
HITE LM 2 WA R G 3, BA I3
BRI Bl 1R U A% R AR SAS e i 4 4
Fa ™ a2 LR A S 4 AT R T LA A 9
F7RA, TENLATE 2 5 D RE I PEAN v B S
EH .

] P 27 35 o 2% T L HL AR S 6 UL PR AT
W, % B WU & A 9% 55 B LA 77 26 1 g 6 3
b [a] sk AL IR B 3 30 A AR BERE RN kAR e AR,
U SEMG {5 5 HYBIUM R B AR AR T Ti [ A1 2 7
R R, PR UG T T SR
FFHE K ETE . Nimbarte 25 B 58 28 B1RLC BiR
T3 3G 0 st 30 % S AL PR 55 7 AR B R 5 O A
J& BEAEFE AT e BVL IR 9% 57 I 2 T BOHTHE Y 17

1 [ MF2 |

[ MF-3

o7 A" Luedtke 25" B 55 fi Sk i £ 2 26 D Sk 9
R B & AR 1T R] S5 AL PR 57 R A A R
H i [ A AN 5 o S50 UL PR A9 59 R B 5 A Sk e
[ Py 722 Ak G 2R v AN B A

AR SCEF o AR A Sk R 114 S5 £l R 1) A, By
Sed th T T R WL AT S I A 4 T AR
I (SEMG-JASA), £ 3fe % S 58 2 5 K A J% 55, 9%
S5 & R R R e T R R R G, At S
5 UF ST A R

1 # % sSEMG-JASA T 144 A

Xof S LAY 2R AT 9 57 10 B 5 0% 5 28 fR Lk
B FERIE 55 SEMG-JASA T A5 0 45 48 %of #5
BB UL IR AT 57 G, 24 4 T UL PR 9% 57 Bf e A gt
JE PR RN 3 R AR N 1 S b A TR R S
WUHLA 5, 3 i R AE 42 UG SEAT B A o b7, Pt
795 57 FUWTFIE 55 B2 EE 3B, IR g AE A e 2 4
K1 Fs . B4 MATLAB i 218 5 S8 HE
WS 00, P RIEM R %G, HEZFE 5%
BINF

3l

(MF-A

. : MF-1 ~MF-n
AT AR | RMS-2 | | RMS-3 | | RMS-4
o | [ el ]
._ | | o o ]
AT | W O sy ) Wi ‘V)“l’E o [ >1< x|
HH > RIS <> P> e >
I T (T
aizeren | PRI aision Gisien pEs
L ‘ i
FERE | T
MF-1&MF-2 MF-n-1&MF-n
RMS—l(iL_RMS—Z ] | RMS—n—lfLRMS—n
Bt gt e
v |y

B |

Y
FHUCHERE

1 FEBE 5 MR R

Fig. 1 Neck fatigue evaluation model



54

TR, S I n) M AR ARG Sk ) SR 957 5 SEMG-JASA P A5 Y <707 «

1.1 sEMG 4F4E#2EX

B 3 B 08 HRESE 3 53 A RIS S8 o3 B PR A4S T
febr, WA TR S A R S . R R
sEMG 155 5 By B | B R A 5 LA 3 3l 22 [8) B9 A ¢
PEFIWT LIRS o BFFE A R v A AR 5
Qb PR 2R G AR AR 5 AT A A A3 AT AL B
1.1.1 B3R 47

B 3k 43 #1 J s Hh 2 5 HRAE (root mean square,
RMS) 7E i [i) 2 B2 |- Jsz B JIL R A 5 4 s 11 22 b
fiE, E % SN IG5 405 b S e LA 35 SR 1Y AR
X FR G R T RMS 1E Sl B SRR AE R 47 0% 57
Hwg, HAHTTE AKX A

RMS = f HTEMGZ(t)dt/T 1)

H1 T WL HLAF 5 (0 4 W AL A 5K 7 52— X f
KA, 4 RMS fHIG I LA AL T 57 IR 38
1.1.2 SR H7

TENUHLAF 5 A 38 o 33 358 43 B 92 7T LA W %
LR AR S B o3 A 5 AR oL, Hoh s
B (median frequency, MF) J&—Fh o] 5 ME#f 1 45
ESHM, Hil A= h

[ (e
MF:EIOPSD(f)df )

JUL PR 9% 57 I B 2435 DA 15 41 7% 2 I A, MF {E
FHR T B

RMS Al PL7E— & 7 JE I S B JULAL 155 197
B, 5k H RMS 8.12:45% 3] sEMG 15 5 1Y 18 {8 T
e, AT LA G Hb s e LR A e s G2 A
1M 7, MF fE 3 43 52 e SEMG (A4 aE Y, A&
SCLL RMS 5 MF A 50 B LA 98 55 B 48 A, % Aisf Ja
GRS A T B Y R S
12 EXESH

& AT K A 3 T (joint analysis of EMG spectrum
and amplitude, JASA) Hi Luttmann %" f S5 482 1,
ST — P [F] B 25 L SEMG i i A 1S A8 1k 14 98 57 )
FE o TEWLIRIIE 55 48 A5 9 Ml v, X sSEMG {7
5 T I R R T 450 Ja 1) A8 1 S R PR Y,
T SEMG 15 5 PR W& FAT 5 X7 L) FE 95 IR S A
PR AR M, e R A T B AR W RN A ) R Ak
7 B R AT S5 A

ANEZT AR Sl B =y S WA U
TG 55 1) 57 Az T4 035U AR AR MF B L B
T, R A BE S 55 B A AR . an Al 2
Jr s KA RMS H E 1 MF {H [5] 55 R [ A4 fig
BRIANLPAAL T8 55 RS o HoAth 3 DR 4 5 RoR
WL AL 5 52 48] (MF (B 38 i W] B RMS B 80/ )
WLI7 3G m (MF B3 i [ B RMS {635 i) 5 L)
J3/IN (MF {EL80/ N R IR RMS 807 ) o

MF{EAE 1L

+

W lllvag:cpili

_ +RMSTHZE L

LT3N T

B2 BKEHH
Fig.2 Joint analysis

1.3 EFEMNSFRE

1) ESH L FRERNBIE A

D) fE5 B BEIEMET 10 s FlJS 10s £
P, I8 B EAE 200 ms 43— Bt

3) 44 45 BE 1Y RMS {5 MF {ii,

4) ¥ RMS 5 MF WRHIE(E 24 JASA 73 #T )5
R 8 B5HH T 76 52 BR 2R 779 55 I By, 25 4 W 9 57 )
X% AT BEME, IR BR BT T Ak gk I . 5,
HEAT T — I ) B 1 98 55 FI W 43 Ar o % 57 F i 5 4k
FEFI T T

D If MFy10pe<0, RMS >0

W 75

else FE 9% 57

@ if P<0.05

Al R

P<0.01

FETE R

else JC i

( MFope 278 MF B FIHS] [R] {4 £8P ] )59 45 380
FAH ; RMSqop 278 RMS {H FIE 8] (9 28 1 0] 09 75
FREAAE)

5) ¥ 5 — B i 8] 5 R — B s [a) 3 AT 07 25 4
Br, FIWT A 0 v o A e FT PR B e, 2
e 2 i ESE sy ay Rl

2 SERIE

IR A0 SR R - 3 U = S 5 W v = S k32
Hi Bk L5 4 R S G O 5% 4k B, e B 32 B 2k e
FIETEAIE AT K K Fn 46 Sk i el . GnAl 3
fT7R, AT LA H 3R 2 78 HU gk b RS 4 sk 18] 30 78 11K
Sk, TG Sk I E] BT 7 He AN 29 S Y 20%, 7R
S0 2% v FR AT A R R S AR Sk 1) B A B )
25 min, 4% 235 H IR & A S0 % 1 i3k
A ki



708 » s

o>
Ny
N

\\:ka\r
=

S

F15E

. N [ ]
i ensio [,
L ] [ ] L]
eI ~ -
g | e S SfE4 e
0 20 40 6 80
t/min

3 THMBLR
Fig.3 Field observations

2.1 SRIGEMEMKE

TR 3 P R BTG Sk AR, 1k
ZAK N TR DR A8 57 135 22 ARk B3 30 min
W HTEB LS & 221k o MIBTFL RN (22 R
A UL 2 5038 & 7 LS Sk e WL (32 2R e 8
JUL) AR 1 SR Xk SR 55 1) AR 2 A
22 KEXH

AT SE 5 AAER B 5 AR LA
B, I 25 &5 Wt 73K, DIHER
Z 5E AL B BB , I H B SR 355
R RIS . e 55 w8 H — B B
P ) T RE X 92 90 25 2R 7 AR B e . SRS A 4
Bt B IR S 5 R, BRI 58
DR T NE LT R AEN S, LS
FiRE", gk 1 FiR.

®1 SRAREERYIE
Table 1 Basic data of participants

LiRnea S B/ em R/ kg
PERica 24.6+0.55 15945.20 45.5+6.27
P 23.440.55 175+6.25 63.7+3.09
Bt 24+0.82 160£10.02 54+10.67

23 EIeHEE

1) B ST LI i 5 bk A A A v 1 JRE A
B AR R B, I 3 3 SN

)M N BT RS, 40 1~ 105,
SN 1S E A 4 B i A sk ak, ARS8
IR IR, LR E S50 H BEB AL RLIR A R4S

B4 LI ERBIRE
Fig. 4 Laboratory simulation environment
)R E H SRS L. 2SI
N B SRS O Fh R, LA s 57 53 93] DAy 2 Ak

PR B FLa L (B 5 H iy B SkJe L (&1 5
1 E2) AR L (B 5 Fh i E3) Ak, S5 R AE IS
WE LSS Hod, E1 B8zl oL, B2 kL,
E3 7L, B4 Hitl o 7F A AR B 1m0 G
F St ek B b 5 R Ik A e

5 BHRMMEEE BRATLE)
Fig. 5 Electrode sticking position (electrode sheet position)

4) BAZ RN BRI AT 55, TS B

ORI AR . TR BCE SR AN 1000 s,
FIITFALRATR G, $Em il NS g Ih G o 1 |
1 ] 22 38 18 2 10 LA A (ZJE- i) W gk | O RIS
A s YRR — U R (ELAR 10 mm) T 0 4
sEMG 7 £,

5) S AT RE T, SN SRR AR A
ARZS o B 5 min [mFERFH B TP K 2K S 55
WorER, ZIXNTT LR G A & 32 UL S50 57
FEREF] 43, WCAR 30 min N 1521803 76 A A 1 i)
BNt 6 I WREZ A2 A1 B o

6)30 min J& SEH Ak, B 1 S 2_E M T
MM o FEAT VA8 ST I 0 B S i — et
e, G5 FF IR SE S H HEA T SE 8

7) S 2 RS IR Y OB IS R AR Y S
BHE AT, LB

3 LBAEREITH

HR A AT Tk S IR TR A5 2 T Mo R A Sk 1 1Y) 35
B9 55 5 3k e WURT R T LA 2, B8zl 22 LG+
A R SUEBAR K BhAE AR SE MR AR I 0 %
FFIEA BT 2 B0 A5 2 A9 AN [R] ef 8] B v 20035 5% 57
ARSI U BTN
3.1 AEBESHLETE

T 5250 i B AR AR A 1000 Hz, 30 min P
HRAE 1800000 MERHE{E . A By 1k 5 55 B 48 7E i
HIHE £ 5 5 W 4 R = A 0 ol s N 25 S PR A
K, BARALFRRTTE MATLAB 24 H B Bi i mi 10s 5
J& 10 s W SC IR B b, B 0 f5 s R 1178000
AR

PEBEIH A 10, WA W, R L, MR
P — A B2 ] 9 200 ~ 300 ms, i 5% 4 2 )



54

B A, A5 T ) BRIk 5 A BRI 5 SEMG-JASA R AR

* 709 -

WLHL {5 5 B4E 4F 200 ms HL—¥K RMS F1 MF {8,
SE AT 7R I N A AR 90 55 I B 22 i U7 258 AL A
TR TT . AU w=30 min, =5, FE
H MATLAB A TALEE . 352 BN [R5 Bk
PRI IR 6 1w 5 123 kA AR AR Ak
3.2 MF 5 RMS &S #

R i) MF {5 RMS {E @018 6 #1& 7 B
No AT UE B SR 5 1 AR Ak, FRATXT 6 N iE
[) MF {E A1 RMS {E #1795 55 7087 o SE5E 1) 30 min
PLAE 5 min S — BEAE R s 1] (8] B 20 47 98 57 72 )% 43
Mo LABTIE] K8 AR Bk . MF {8 K 20 A8 Bk 1 LA B[]

S

FRE AL AR L RMS H R DA bR 7 sREOC R, R AT
6 /™18 i i MF {E-5 RMS {H 5815
3.2.1 MF -F #4469 %3t o5 #1
Horp—# 2i0E 5 — 18 MF 5 &
K6 fim. HE 6 LA M, ZZSi &R 5 min,
10~30 min N MF “F-¥J{H 2 T, HAEHr
5 min 55 10 minMF {E8] &2 TR, R3S MF &L
AYHTIEB, 7552600 30 min NSk L AR T B R
P55 o MAE 5~10 min BAE] kI AILAT BEAL 9% 55 1Y
PR RSN N RS (MF1-1 AR5 —il i
0~5 min AYIL A1) -

3.0 3.0 3.0
- MFI1-1 (325%) - MF1-2 (5£55) - MFI1-3 (5256)
2.5k —MF (4) 25} — MF (#L4) 251 — MF (1)
<20 G20 G 20F
T = T ;
TS5 S5t 15t
=] I = A
=10} E1.0-_ - & 21.0-_. R,
0.5 : 0.5 f meini A o 0sf
& f. . P 3 or S R
1 1 1 I 0 1 1 1 1 ) " A " " 1
0 1 2 3 4 5 5 6 7 8 9 10 10 11 12 13 14 15
t/min t/min t/min
(a) MFI-1 (b) MF1-2 (c) MF1-3
3.0, 3.0, 3.0
- MF1-4 (325) - MFI-5 (5256) - MFI1-6 (3:5)
25 — MF@A) 25 — MEAE) 55| — MF (04)
G201 G201 G201
I T z .
T sk 15} L5t "
= = = ¢
%10 1.0 F 1.0 K
0.5 % 0.5F 05}
r 0 i e WRES I“.'r 1289w . '
15 16 17 18 19 20 20 21 22 23 24 25 25
t/min t/min
(d) MF1-4 (€) MF1-5

B 6 MF{EMESH
Fig. 6 MF value fitting analysis

3.2.2 RMS -F ¥4 &9 %1t o A7
SR E I RMS BUERLA G & 7 R .
&l 7t RMS fH7ERT 5 min 15 10 min # 4L T B
B ETRRAS, oT LB 1 7E R ] B Sk e il & A=
g )

- RMSI-1 (525)
— RMS (U4)

~
T
~
T

RMS1-1/pV
(o)}
RMS1-2/pV
N

T RS . W HEITH] 5~10 min B, RMS {E 4k
T8 T RERIRE, BERt sk e JLAL T &2 3 sl &
JL 3 98 /N Bk B (RMST1-2 23245 — 3 18 5~10 min
HHL A1 )

- RMSI-2 2%y 8T - RMSI-3 (52%)
— RMS ({I#) — RMS (#I4)
} 7L 3 :
> | -
= | :
T 6l . %
%ﬁ : . 8 ¥,
11 12 13 14

t/min

(a) RMSI-1

10
t/min #/min
(b) RMS1-2 (c) RMSI1-3



<710 ¢ Ok 2 8 ¥ i 8154

81 . RMS1-4 (58 S - RMSI-5 (528 8 - RMS1-6 (35
— RMS (#4) © .4 —RMS A —RMS #I£)
7 7t ' - 7r
z e Z
¥ 6t Ser zor
Z : | 2L
5P 5 v 5@E
4 ' N L L ' 4 L L L L ), 4 L L L L .
15 16 17 18 19 20 20 21 22 23 24 25 25 26 27 28 29 30
t/min t/min t/min
(d) RMS1-4 (e) RMSI1-5 () RMS1-6

7 RMS EME ST
Fig. 7 RMS value fitting analysis

33 TRIABRE DT F7RE . Y 5~10 min i, MF {§ - F+, RMS A

EMRBE AT, NSIRE 6 L EI S B, LA 0N TR A . X T EE
W IE AR AT SR E R, Hh — NS5 R a3k 2 FrR HTZSRENH S EM TR . 76 10~
S s E] 4 30 min, 5 — 838 /7 5 minMF {H F 30 min B i R LA FEAATS SR b T — A 952 55
%, RMS {H_E T, fBEA e S8R T RE

x2 RS AME
Table 2 Amplitude frequency joint analysis table

I
WIE -1 W 1-2 JWIA1-3 WA -4 WA 1-5 WA 1-6
MF 1 ) ! ! ! !
RMS 1 1 1 1 1 )
[ © | |
& Hr N N N
‘ ‘ &
PR P55 PRI PRI PRI ¥} WA

M2 AT LAE H, ILAAER 57 PR T sSEMG T8 YR W7 0 W & PR, AR5 — Bop 97 B L
T B I BRI 2 R A o HOBEAE — BB, W RGN KRR
WA, BEB N7 RO AWINE], SEMG {557 3.5 EIWIEMN O

e A1 5 L B A 8 K R 3 T MF ) 55 B 4 SEHy 30 min N4 AT 6 W E AT A ] 45,
/N, RMS 5 MF (B # 3 AH S5t 60 B, 43 i 3 T S BN R 7E R R i [ B
34 HESH S5 EE  1 JERT FR I AR . R T ) T L9

T B8 R AN E 8 HE 9 Frow, B8 B S5 iR M I 4E Rk E, 18 0 ~ 5 min I Bk #H &«
AR 10 BB ETE 30 min WARELEE S 5 min - 57 3] 35 % 2 000 98 55, 50 % 20855 JL P M ) 52
) MF {H, 8 9 £l 0% RMS [ S54rifE2E 585 76 5~ 10 min B} 40% 2% 4 B3 6% %
(Fr 1 AEREIE 1, C2URIEIE 2, -+, C6o R B 955 16 10 ~ 15 min i 60% 1Y 2 iR & & 1%
WIE 6), TEMAIE TR G RGh, G RMS . 218 ¥ B99% 55 ; 7€ 15 ~ 20 min 1 20 ~ 25 min K}
Hem, MF {8 W] I BEARS, REFIBILALL TS5 45 40% BSR4 & BN B % 57 5 25 ~ 30 min B}
RBL T AN 57 HE H 50% S H BB 7. nT NS R A

Bl 5 R G x5 5 min KB ) MEHYS W BEE B RN AR K, S0 X 30050 WL A 1) 9% 55
RMSH#F TR EZ 07 20 0. FIWTHZESRA  RZ B WA, 10 min 2247 & 8000 842 5 9% 57,
BN, AA B ENE WO R IR, RN Z IR R o B B R E A
FEREW/NY, (R R G AR IR S A AR AR %55,



55 4 3 BUAR, A5« AT [0] o BR AR Sk 5 ) SR 55 SEMG-JTASA AN AR Y

<711 -

2.5
2.0
51.5
=
21.0
0.5 :
06 Q - Qc) Q-'a
NS N NYW »
o \Q/ \5/ ’\9/ q(;)z
t/min
(d) MF-C4

() MF-C5

MF/Hz

8 MFAEHHCCREBEEMEATENT 005, ~*RERBEMATENT 0.01)

Fig. 8 MF analysis of variance (*represents the significance level is less than 0.05, **represents the significance level is less

than 0.01)

SN 5D P D

20

—_
W

RMS/uV
=

(b) RMS-C2

PN
"19;\,'\?;)
30
Z.20
%)
=
~ 10 1
0 i

,6\0\5@;@,,9

Q Q ’ ’ - 7
AN RPN E S NN Sy
t/min t/min
(d) RMS-C4 (e) RMS-C5 (f) RMS-C6

B9 RMSFHEN CCRREBEMAFNTF 005, “RREZFMHEATENTF 0.01)

Fig. 9 RMS analysis of variance (*represents the significance level is less than 0.05, **represents the significance level is less

than 0.01)
4 % FAE

A5 S50 45 R B, A bk v B A BT Y
R, Hb A A Sk e 1 2000 JUL 1) A7 for 128 T A8 K, AR
SRAEAG K 1 3 B v 3R % mT LASEAT 1 B 19 9% 55 14
5, H A B ] A A Sk X 3fe 5 2 R T A N
Fl . ERIE F5 SEMG-TASA #5150 Al L e o b 7R 17
155 B RR AR 4R, 5 B 3 25 78 00A0 & 2B 9% 55 1 45
TP, O R G 57 A, (HAR Y S AT 0% 55 )

Wrid B I, 2R G0 2 BOCITRR LA S 5 A9 txt ST
7, L8 5 55 15 5 %5 2 — 2 B E], I8 AN BE
PEATSER PR . AR B & WA R B, 0~
30 min PRI R 55 PEAN 45 2R -5 s B AR A R I
() BEHEAT L 57 B2 PPN DR AR 1T AR — Bk
SR, AW 5 T i B9 P - 1) L€ 31 ) ofe %
RS HBRAE L R as AT, 1 R I8 0 % Ik AE
Mo ThT 32 A IR 2 5 R AR AR SK I E] 5 2) A
KO Ak B A i A R, AR SE HE BEAR A8 I ] 7



« 712 - O R

S S 5515 4%

AT R AR B A, R 75 8 B B I [ 7 11 O
ST ARG o 5 2 AR R o AN [ B
] 7 A B 4%, 38 AN [R] I 1] 7 5 PE U 48 AR Y
AR A, AR e e 098 5 P 5 30 X S 8
RIFEFT AL . DRI RIHHSF E 2 20,
o I PR BT AR RS | B AR RS DUR R RS0
PRI SEBR B AN . 45 B9 TAR R TT K 38
BREFMAL, it — LT KA ML

(E]
S % 3k

[1] WANG Chuanling, TIAN Fumung, ZHOU Yingjun, et al.
The incidence of cervical spondylosis decreases with aging
in the elderly, and increases with aging in the young and
adult population: a hospital-based clinical analysis[J]. Clin-
ical interventions in aging, 2016, 11: 47-53.

[2] CHOTPITAYASUNONDH V, DOUGLAS K M. How
“phubbing” becomes the norm: The antecedents and con-
sequences of snubbing via smartphone[J]. Computers in
human behavior, 2016, 63: 9-18.

[3] HAKKINEN A, SALO P, TARVAINEN U, et al. Effect of
manual therapy and stretching on neck muscle strength and
mobility in chronic neck pain[J]. Journal of rehabilitation
medicine, 2007, 39(7): 575-579.

(4] Tk, i AN TR E sSEMG BiAR H [CY/5 8
A TR R4, 2017.

WANG Jian. SEMG technology application for human
factors engineering research[C]//The Second China Hu-
man Factors Engineering Summit Forum, 2017.

[5] FARINA D, FATTORINI L, FELICI F, et al. Nonlinear
surface EMG analysis to detect changes of motor unit con-
duction velocity and synchronization[J]. Journal of applied
physiology, 2002, 93(5): 1753-1763.

[6] LIUJ Z, SHAN Z 'Y, ZHANG L D, et al. Human brain ac-
tivation during sustained and intermittent submaximal fa-
tigue muscle contractions: an FMRI study[J]. Journal of
neurophysiology, 2003, 90(1): 300-312.

[7] BILODEAU M, SCHINDLER-IVENS S, WILLIAMS D
M, et al. EMG frequency content changes with increasing
force and during fatigue in the quadriceps femoris muscle
of men and women[J]. Journal of electromyography and
kinesiology, 2003, 13(1): 83-92.

[8] NIMBARTE A D, CHOWDHURY S K, CARTWRIGHT
E D. Empirical evaluation of neck muscle fatigue gener-
ated by healthcare related exertions[J]. Safety science,
2013, 57: 100-107.

[9] NIMBARTE A D, ZREIQAT M M, CHOWDHURY S K.
Cervical flexion-relaxation response to neck muscle fa-
tigue in males and females[J]. Journal of electromyo-
graphy and kinesiology, 2014, 24(6): 965-971.

[10] LUEDTKE K, MAY A. Stratifying migraine patients

based on dynamic pain provocation over the upper cer-

vical spine[J]. The journal of headache and pain, 2017,
18(1): 97.

(1] g hse, NI, BRE I 22T sSEMG MR EERI ST

FLPEM ARSI 5T [J]. H EALME T AR, 2012, 23(2):
220-224.
YANG Zhongliang, SUN Shouqian, CHEN Yumiao. A
pilot study on ergonomics evaluation model of massage
chair performance based on sSEMG[J]. China mechanical
engineering, 2012, 23(2): 220-224.

(12] X, ARAEFE, SRAET, 55, KM SRRSO 5

TSR RS [1]. ALY Bes T AR AR, 2015, 36(3):
164-168.
LIU Jian, ZOU Renling, ZHANG Dongheng, et al. Re-
search and development trend of feature extraction meth-
ods of surface electromyogrphic signals[J]. Progress in
biomedical engineering, 2015, 36(3): 164—168.

(13] PRIGFS . BET 345 ) S ALY VLA 5 B 1y
WS [D]. REE: WAL Tk K2, 2006.

CHEN Lingling. Research of electromyography pattern
recognition based on support vector machine[D]. Tianjin:
Hebei University of Technology, 2006.

(14] EEW], A2, BHIAR. WA ST 19 SEMG A 47

ARBHAE TR BIRLHT [9]. LR BE 2 5 BRse TR,
2003, 16(5): 387-390.
WANG Duming, WANG Jian, GE Lizhong. SEMG time-
frequency analysis techniques for evaluation of muscle fa-
tigue and it's application in ergonomic studies[J]. Space
medicine & medical engineering, 2003, 16(5): 387-390.

[15] LUTTMANN A, SOKELAND J, LAURIG W. Elec-
tromyographical study on surgeons in urology. Influence
of the operating technique on muscular strain[J]. Ergo-
nomics, 1996, 39(2): 285-297.

[16] JIA Miao, YANG Zhongliang, CHEN Yumiao, et al.
Neck muscles fatigue evaluation of subway phubber
based on SEMG signals[C]//Proceedings of 11th Interna-
tional Symposium on Computational Intelligence and
Design. Hangzhou, China, 2018: 141—144.

[17] YANG Zhongliang, CHEN Yumiao, WANG Jianping, et
al. Recognizing the breathing resistances of wearing res-
pirators from respiratory and sSEMG signals with artificial
neural networks[J]. International journal of industrial er-
gonomics, 2017, 58: 47-54.

[18] DE LUCA C J. Use of the surface EMG signal for per-
formance evaluation of back muscles[J]. Muscle & nerve,
1993, 16(2): 210-216.

(19] WX FEBR. T LHL A S AL A b B o OC S H R AT

¢ [D]. G HE: BRI, 2010.
ZHAO Zhangyan. Several key technologies in surface
electromyography signal detection & processing[D]. He-
fei: University of Science and Technology of China,
2010.

[20] hhse, T, PRE M. 2T RENIHE N LAGZ RS


http://dx.doi.org/10.1016/j.chb.2016.05.018
http://dx.doi.org/10.1016/j.chb.2016.05.018
http://dx.doi.org/10.2340/16501977-0094
http://dx.doi.org/10.2340/16501977-0094
http://dx.doi.org/10.1152/japplphysiol.00314.2002
http://dx.doi.org/10.1152/japplphysiol.00314.2002
http://dx.doi.org/10.1152/jn.00821.2002
http://dx.doi.org/10.1152/jn.00821.2002
http://dx.doi.org/10.1016/S1050-6411(02)00050-0
http://dx.doi.org/10.1016/S1050-6411(02)00050-0
http://dx.doi.org/10.1016/j.ssci.2013.01.019
http://dx.doi.org/10.1016/j.jelekin.2014.09.002
http://dx.doi.org/10.1016/j.jelekin.2014.09.002
http://dx.doi.org/10.1016/j.jelekin.2014.09.002
http://dx.doi.org/10.1186/s10194-017-0808-0
http://dx.doi.org/10.3969/j.issn.1004-132X.2012.02.021
http://dx.doi.org/10.3969/j.issn.1004-132X.2012.02.021
http://dx.doi.org/10.3969/j.issn.1004-132X.2012.02.021
http://dx.doi.org/10.3969/j.issn.1002-0837.2003.05.020
http://dx.doi.org/10.3969/j.issn.1002-0837.2003.05.020
http://dx.doi.org/10.3969/j.issn.1002-0837.2003.05.020
http://dx.doi.org/10.1080/00140139608964459
http://dx.doi.org/10.1080/00140139608964459
http://dx.doi.org/10.1016/j.ergon.2017.02.001
http://dx.doi.org/10.1016/j.ergon.2017.02.001
http://dx.doi.org/10.1016/j.ergon.2017.02.001
http://dx.doi.org/10.1016/j.chb.2016.05.018
http://dx.doi.org/10.1016/j.chb.2016.05.018
http://dx.doi.org/10.2340/16501977-0094
http://dx.doi.org/10.2340/16501977-0094
http://dx.doi.org/10.1152/japplphysiol.00314.2002
http://dx.doi.org/10.1152/japplphysiol.00314.2002
http://dx.doi.org/10.1152/jn.00821.2002
http://dx.doi.org/10.1152/jn.00821.2002
http://dx.doi.org/10.1016/S1050-6411(02)00050-0
http://dx.doi.org/10.1016/S1050-6411(02)00050-0
http://dx.doi.org/10.1016/j.ssci.2013.01.019
http://dx.doi.org/10.1016/j.jelekin.2014.09.002
http://dx.doi.org/10.1016/j.jelekin.2014.09.002
http://dx.doi.org/10.1016/j.jelekin.2014.09.002
http://dx.doi.org/10.1186/s10194-017-0808-0
http://dx.doi.org/10.3969/j.issn.1004-132X.2012.02.021
http://dx.doi.org/10.3969/j.issn.1004-132X.2012.02.021
http://dx.doi.org/10.3969/j.issn.1004-132X.2012.02.021
http://dx.doi.org/10.3969/j.issn.1002-0837.2003.05.020
http://dx.doi.org/10.3969/j.issn.1002-0837.2003.05.020
http://dx.doi.org/10.3969/j.issn.1002-0837.2003.05.020
http://dx.doi.org/10.1080/00140139608964459
http://dx.doi.org/10.1080/00140139608964459
http://dx.doi.org/10.1016/j.ergon.2017.02.001
http://dx.doi.org/10.1016/j.ergon.2017.02.001
http://dx.doi.org/10.1016/j.ergon.2017.02.001

55 41 B A, A5 T ) BRIk 5 A BRI 5 SEMG-JASA R AR <713+

Wihse, mlEEE, WA, BT
FABRELE RS AYL TR AT
Peeit. ERER ARBLIEIL AT
H 131, RFRFARIBI 30 K5

T IO 0], SR BB 5 D 224k,
2014, 26(9): 1396-1402.

YANG Zhongliang, WANG Jian, CHEN Yumiao. Sur-
face EMG based emotion recognition model for body lan-
guage of head movements[J]. Journal of computer-aided
design & computer graphics, 2014, 26(9): 1396-1402.

EEE N

VB, YR, -, B
) oy AMLAE B o] 5= ik, &
FEFEARIB I 20 Ak

TRk, Lo A, FEFIE T )
HANTRE  ATEfEXT., kFE¥

@’ R 3R

-

[ DTS4 &% ]

S EA R HIE AR 2 (NCIM?2020 )

P E N TR RE2A 2 £ BB 1S L lb 2= 5 & AR K22 B G R I B <2 £ Jm 2 E A e R &1
FF 2020 4F 11 H 6 HE 9 HAEE 24T, S F MR REHl & giir S > o S 00K #5527 A AU RSl 7
REMER S, HHAG TS E

SRS E]: 20204 11 H 6 HE 9 H

SR A AR ]

S E (AR EARR T LUT 380 . B RE il R G HLas AN S8 Ml B filsg 22 5 T4
ek B Re il Lol d i 5 ANA KSR

FIppAL P E N TR R 2

HRIPHLAL: CAAL B BB Ll 22 T 25 | 484 KA

PRI B < PR AR 7 i R ) i AR [ A M O B AR G | BREE RS (CODESYS) | i fF R 4t
R BRA R BBUHE BH A PR 7 (e-works)

SR FR T

R, 2 0F K%, E-mail: tanyq@hqu.edu.cn
H, i : 18064519135

L, 1A K2F, E-mail: jiangfeng@hqu.edu.cn
3% : 18106953128



