A ARET 2023 4F 4533 4 4512 159.1295-1302

doi;10.3772/j. issn. 1002-0470. 2023. 12. 007

ETFREABMURESREHNFEIEIRNY

MEED A2 HPEF EEEO
(LT AFHAMTEFER AN 310023)

(FHREHEGEHMITHAAFTH/ HIEERLLRE A 310023)

i ' A RET R T T (SEMG) #AT F % R 5] 4 DU & Je F 5 09 [ L, 47
WA TR AR S a6 0 FHRA 7k, BN AT & E5 &5 Bt
TAH RBE AR T MLLME 5 WA, (£ % £ K2 247 7 % (KPCA) X $2 BUAF
EHATIE RS ERBFMET WL BEEREARERY, & F AT HMILKM(RF) 2
RBHATHERA, ERERET,ZFEX 10 4 ZRAEW 11 A4 FFH oy &t -FHY
WA & K 98.23% , A 24 1R MR B VE#H 34 90% UL b I0IE T R 7 ik o T S

Kkl RWALEE T (SEMG) 5 (LA E5; ZREE; MERS 2 % (KPCA); M

NN

HLAR A (RF)

TRV — R RGBT B, HAE =X |
ZREPERRE L (0 A AL AS B AR — i Y
P FB, F SR B ARt 0k TR AR B
NG FE RS ARG E N S AR Y B
T, MRPEIREUE B AR, TR0 AT L4y
NIETFHLESE S AR T 2 i a0 R o 2 2K,
BT HLa I 1Y T30, 52 PR 585 e AR Y |
SRR T SR i UM ERG R 3k T R AR
AR F RPN TR T UL R, Hord B ]
DGR LS T E B (H A SR E
NIk T T e AR, REILEE S
(surface electromyography , sEMG ) PRl Hizi & 15 5
BRI AR R AL B 52 BRI B> T
AR L, AR A B R T AP AT S T A T

AN g E IR SEMG {5 531720 B I R B
FEAE o 35/ R AR 07 3 o 2 245 B ] I B ( dly-
namic time warping, DTW ) 5 %5  Omari %6 A" i i

ZICIS)

WEES ,E-mail ; wzh232@ zjut. edu. cn,
(ki H 1:2022-03-18 )

I ]I A 28 ) 2% ( generalized regression neural net-
work, GRNN) #B B 5212/ i Ji] BP Hi 8 [ 4 ( back
propagation neural network , BPNN) I Cheng 5% A"
i BRI ZE M 45 ( convolutional neural network , CNN)
XFPER T AT o U, BB T AR ROR
HRAE ] sEMG ZE1 T FAPUINAAE 2 2 530
VEBIRL A5 B, T id AN R RS A M R R LA R
A LA X — I, Kundu 25 A LHL RS
1B R AT, I A0 H SR m &AL (support vector
machines ,SVM) X 7 A~ 1 2E 47 5 0 42 il 42 4
FTLLRFIT45 90. 5% PV, kT RIpE R
IR E ST IR ER A=) 1B R IV By S ER= iR
P PR IS 9 FhFFATT S 94. 7% HIPUsIA JF-k
P 6 F ] TR R R is 3l SOR B, B
NTERE 4 B% SEMG 5 3 BTINEE 55 0RFE A
SVM *} 4 432 IREHATHY 6 Bl [F T T H i fe s
U 91.29% . FFESE N BT SEMG {55 K
HEEAE S g A AR 5 R P RSt A7 o3
e, A REBAUEHT sEMG 1Y 7 3w 48

[ % S & TR (2018 YFE0125600 ) 148 FE Ak 28 35 0F 78 1181 ( LGG19E050023 ) ¥ BhIT H
B 1964 4 T 2 W 7 1) B RERE A, IL#s A E-mail ; 1024898522@ qq. com,,

— 1295 —



AR 2023 F 12 A %3385 124

TH14.8% I T RAT SRR ROE R BAR HAT
FIH sEMG 455 ZAL AR I T s VR B R
B AEH TR0 B - R S R A 2 K 2 e
10 FEAR o T PUNFP S 2 | P 550 vl o AR
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NE AR AL E
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PUUN RGN 1 FroR, BeRd 4 LR L I
AR THENAE SEMG (55, A& 2 T F15 A 15
PEAL AR L S T3 B R R A SRS DA
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L I TRV [ 20 1 75 70 &) sEMG {5 5 F i 58 B2 {5
5 JE U SEMG {55 FIE BE 0 BE {5 5 R AL, e i
¥ 3 15433 Bt (kernel principal component analysis,
KPCA) 977 AR AEFEAT B iRl 5, fie i il FH Bl L
FEAR (random forest, RF) 52 i/ 2R .
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RMS {5 5P BE i 975 M, Al LS L fE
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ANEINPYFETS ERezn S NI LE R /A W)
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1 x>0, x% -x, | =x,
sgn(x) :{ T (7)
0 HoAth
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Xt 4 8IE sEMG {55 442 B 4 A B SRR, 7T
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- VAR, ,ZC, - ,ZC, ] (8)

X RE RIS B A5 5, 3 P - 45 248 %o {1 e e
Hopkk b IR BIE A E (waveform length, WL)
SR B IR R RRRK RS E AR R
i, 0 DU A A5 5 AR R AR AR
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Xof o B R A, A PRI 3 4ERY MAV A
WL RFIE, A LIRS R 12 HERFIE L .
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T BT RAE A AT 0 — AR AL B KRR AR — 1k
NIME R 0 720 1R, AR N
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wy = (11)
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IR B BRI S ), R AE S Rl R AR 4
E3, Ye¥ESClk[11] . [12] . [ 15] H#1di I &9 BPNN
SVM Fl GRNN 4324 5 A SCHY RF 5k #i i xs 1t
Hr BPNN R GG A BB B EE( -1, 1) Z [ i Rl
BUEL, VI 1 e A 2 300015 SVML I 5T &
BORAZZ B GRNN (94 8 5 8 2573 2o ) 45 48 2R
AR, 4553207 8 0 43 R ME A R
2R AT LA I RE 354753 281500
HiRTIES a0

®2 ARG EBASEBRE
RF BPNN SVM GRNN
W/ % 98.15 93.12 95.21 85.54

It KPCA B2 n] LIgi 2 RF A9 Il kB[] o
sEMG FI; %45 538 53 KPCA [ 4k filt A A1k 4 F
KPCA FHEA 7R ) 45 5214235 O it 25 S i) it
SYARAFIILRI R AN 3 Fros, f 4R, % sEMG
A5 S AR 1k KPCA [ 4ERD & )5 P i RF
ST AE IR N 25 B 1] f ) Bsf 38 T L s i i it

R3 EMH KPCA BAERFIRAERRZER 5 LRI E

FAli il KPCA KPCA F&4Eml &
WEWRR /% WHE)/s  WERR/ % WE)/s

FZIRHE A 94.45 7.41 96.23 3.79
ZIRE B 96.83 4.34 98.15 2.55
ZREC  97.59 6.45 98.23 3.71
ZIRED 9517 5.49 95.78 3.28
ZIREE  95.21 3.55 97.58 2.19
ZREF  94.97 4.23 97.69 2.51
ZiE G 95.71 3.97 96. 81 1.97
TZIRHEH  94.81 4.42 95.35 3.82
ZRET  96.77 6.75 97.85 4.27
ZiREJ  96.03 5.42 97.72 3.02

FHAER R IR SIMER RN 97. 14 £1.03%

PAZARE € ), % 4 JER HAR BI45 R iR 1B
T P — B BB R L S e e T Sy i 2
MR H | BT B R s BE p LS JE 2, A
T AIHL KPCA R4kl G 1 T 3R 5 7 1 AE IR s
SVRTEUI 2 i A [T, B — Bl A 1 TR 4 4E 95%
Uik,

x4 ZikE C FEHNERBEBER
Bk ‘ %ﬁi?ﬂlﬂ% ‘ ‘ 4N
fiak 4B WEE Wi B AE ke fEm ASE OK Vo OEWER/ %
ik 198 0 0 0 0 0 0 1 0 1 0 99.0
PR 0 196 1 2 0 1 0 0 0 0 0 98.0
i Je 0 0 199 0 0 0 0 0 0 1 0 99.5
Jig fif 0 1 1 197 0 0 0 0 0 0 0 99.0
g A 0 0 0 1 194 1 1 0 3 0 0 97.0
il 0 0 0 0 0 195 5 0 0 0 0 97.5
e TE 0 0 0 0 2 0 198 0 0 0 0 99.0
8 0 0 0 0 2 0 0 192 6 0 0 96.0
=% 3 0 0 0 0 0 0 0 2 198 0 0 99.0
0K 0 0 0 2 0 0 0 2 0 195 1 97.5
% 0 0 0 0 0 1 0 0 1 0 198 99.0
FEA
- 100 99.5 99.0 97.5 98.0 98.5 97.1 97.5 95.2 99.0 99.5  98.2
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FR BIERG 240 L T KPCA AR KRR TR, X

— 1300 —

JER R KPCA 4 70 ml LU BE 4 b At B8 55 i) AE £k
PERRAE . FFLL fd ] KPCA F&4E 17 X4 T PCA &
#He .,



P AR T R LA R (5 B R 5 1 TS VR R
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AT RN GR A TR ] e e rd e

&% 3k

[ 1] PAN L, ZHANG D, LIU J, et al. Continuous estimation
of finger joint angles under different static wristmotions
from surface EMG signals [ J]. Biomedical Signal Pro-
cessing and Control, 2014 ,14.265-271.

[ 2] KHUSHABA R N, KODAGODA S, TAKRURI M, et al.
Toward improved control of prosthetic fingers using sur-
face electromyogram (EMG) signals[ J]. Expert Systems
with Applications, 2012,39(12) :10731-10738.

[ 3] TR, k&, Wi, . —FETHRGES B
SEBM BB [J]. &AM, 2010, 20
(11) :1173-1177.

[ 4] LI'Y, CHEN X, ZHANG X, et al. Asign-component-
based framework for chinese sign language recognition
using accelerometer and sEMG data[ J]. IEEE Transac-
tions on Biomedical Engineering, 2012,59 ( 10) : 2695-
2704.

— 1301 —



EHAREIN 2023 4E 12 H 4533 & 45 12 1)

[ 5]

[ 6]

[ 7]

[ 8]

[ 9]

[10]

[11]

[12]

[13]

KUNDU A S, MAZUMDER O, LENKA P K, et al. Hand
gesture recognition based omnidirectional wheelchair con-
trol using IMU and EMG sensors[ J]. Journal of Intelli-
gent and Robotic Systems, 2018,91(34) ;529-541.
LUDL, YUY L, LIU H P, et al. Gesture recognition
using data glove: an extreme learning machine method
[C] // 2016 IEEE International Conference on Robotics
and Biomimetics. Qingdao: IEEE, 2016.1349-1354.
CAO T, LIU D, WANG Q, et al. Surface electromyogra-
phy-based action recognition and manipulator control[ J].
Applied Sciences-Basel, 2020,10(17) .5823.

THN, gezonk, BOFNI, &5, HeT Rl iz shE
RNkt se N2k [T]. A Sh kA, 2016,
42(1).13-25.

ZEEH, BHTNI, BRI 4. TSR m UL A R U
JEAEAEIE R T TR R[], A e,
2021,47(5) :955-969.

BN, XIS 5T DTW & ki L E B F5an
MAEB[T]. AL TR SN A, 2018,54(5) . 132-
137.

OMARI F A, HUI J, MEI C, et al. Pattern recognition of
eight hand motions using feature extraction of forearm
EMG signal[ J]. Proceedings of the National Academy of
Sciences, India-Section A, 2014 ,84(3) :473-480.

T, EikE, H—, % 2R AT HES IR
ST E[)]. PEYWTAE, 2019,30(12) :1474-1479.
CHENG Y, LI G, YU M, et al. Gesture recognition
based on surface electromyography-feature image [ J ].

Concurrency and Computation: Practice and Experience,

2021,33(6) :1-13.

[14]

[15]

[16]

[17]

[18]

[19]

G, PR, BT 2RSSR UL A A R e
BERBARTE[T]. BUUHIE T, 2020(9) :136-144.
s, %GNG, RIRN, S5, Rl 3 UL R
TR T]. BB AR, 2019,32(12)
1843-1848,1863.

JAFE, #Rme, Min. HET ZHE BRG T R e
ZHAG[)]. 7B 5G], 2019,48 (4) :452458,
468.

ATZORI M, GIJSBERTS A, HEYNEN S, et al. Building
the Ninapro database: a resource for the biorobotics com-
munity[ C] /2012 4th IEEE RAS and EMBS Internation-
al Conference on Biomedical Robotics and Biomechatron-
ics. Rome: IEEE, 2012 .1258-1265.

BOABE WR/NRI RE S, S B T AR 300 43 (9 T 0%
BEW[)]. WTLR AR (L4 |, 2021,55(1) -
89-95.

SHULTZ A H, LAWSON B E, GOLDFARB M. Variable
cadence walking and ground adaptive standing with a
powered ankle prosthesis[ J]. IEEE Transactions on Neu-
ral Systems and Rehabilitation Engineering, 2016, 24
(4) :495-505.

[20] PHINYOMARK A,PHUKPATTARANONT P,LIMSAKUL C.

Feature reduction and selection for EMG signal classifica-
tion[ J]. Expert Systems with Applications, 2012,39(8) ;
7420-7431.

. SETIAE SR THAIERB[D]. et &K
RR2=, 2019.

BREIMA N. Random forests [ J].
2001, 2001,45(1) :5-32.

Machine Learning,

Gesture action recognition based on fusion of surface
electromyography and pose information
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Abstract
Aiming at the problem of the difficulty of complex gestures recognition just by surface electromyography (sEMG)

signals, a gesture recognition method based on the fusion of surface electromyography and pose information is pro-

posed. First, the signal active segments are segmented by the dual-threshold method, and then the features of the

surface electromyography signal and the pose signal are extracted. Second, the kernel principal component analysis

(KPCA) is used to perform dimensionality reduction and fusion on the exiracted features so that the non-linear in-

formation in the extracted features is preserved well. Finally, the random forest (RF) classifier is utilized for clas-

sification. The experimental results show that the highest average accuracy of the proposed method is 98.23% for

11 different gestures of 10 subjects, and every individual gesture is above 90% , which verifies the reliability of the

proposed method.
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Key words: surface electromyography (sEMG) , position signal, multi-mode fusion, kernel principal compo-
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