SHEHSENEFTIE

ECIE R = 5% E5a /N Vol.9 No. 1
2020 4 1 A JOURNAL OF INTEGRATION TECHNOLOGY Jan. 2020
g HER

TR, KA, B, 55 3T RS FRALE &S IR E S R sk wF 7T (1], SRR, 2020,
9(1): 55-65.

Wang XC, Zhu MX, Yang ZJ, et al. The study on the left/right contributions of articulatory musclesin speech recognition
using high-density surface electromyography [J]. Journal of Integration Technology, 2020, 9 (1) : 55-65.

~

ETSEENENXMRAE L FINAXNET IR
SRRRHYFT SR
EARY KRS BTROE & HOIT B 206

PO E R BRI ARSI B DI 518055)
P(p RN B R RYSE R B I RYI 518055)

 E YA ANRIEFEETREENRREZ —, ZRKEHRIAEMNE PR 36T iz sh
gh, KWL KN (Surface Electromyography, sEMG) & H 5 RENLA HAS 5 (15 FH 5k, ekl 2]
AEEMNIA ARG . FANEE S TIES 280, Frign ks Bt 2R A ERIEM. (HE
AT SEMG (15 3 R0 77 ik e B F AR A B S B P 3 — AN R AE AR, AT 4 & A DG IR THI
BB 2 A PR PR AL B ARG WL LS B R R DT R A U AR . 2O 120 JEE BBk O T 3
HHORRR) SREE T 8 A4 R E IR 3R 40 il 5 AN SC BRI AN 5 AN S BRI R TR, S5TE8 SEMG, B¢
T S A M ARALE SEMG XTSRRI TR SRR, RS AR S0 A A L
PRIV B AR AR A AR, (H A ANYE Bl R o T FR 7 B A DR LU 3G A8 s Al A5
PINLHAS 5 AT VB & 3 2R 00 40 RS BE X AN K, i A IR A . A PR UL RS 5 10 2 2 48 R 22 R 3 A
o B, SERAFRALE R SEMG B 5 XHE & R TR L B — Bk, AR, XN ESE
AIF 5T 9D FAR K A 3 S AR TE SR AL 10T L

EHER RSN RV SRR ENL
FESES R 318  XEAFRERS A doi: 10.12146/j.issn.2095-3135.20191124001

ks BEA: 2019-11-24  f&EIAEA: 2019-12-10

EEWB: FERAREEREETH (61771462) 5 T MR H (201803010093)

EBEN: TR, WA, MR RAR SR SRS RIAE, TR, BF705 7 WO Re 6 S H WS T B
A, BOELTRRNG, BETCT RONAEMIE SR T, BLWITA, BRSOV R, AR S B, TSI, BhEL TR, BRIy
NIRRT EAR G TR Btk CRINER) , f-E, @IRFTCG, BFFCO7 RN A 507 5 Th e &, B-mail: sx.chen@siat.ac.cn; 4564k,
-, BRI, BRI NS R TR AR5 S A A A S



56 £k H O OR 2020 4

The Study on the Left/Right Contributions of Articulatory Muscles in
Speech Recognition Using High-Density Surface Electromyography

WANG Xiaochen'” ZHU Mingxing” YANG Zijian' WANG Xin> HUANG Jianping'
CHEN Shixiong' LI Guanglin'

'( Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China )
*( Shenzhen College of Advanced Technology, University of Chinese Academy of Sciences, Shenzhen 518055, China )

Abstract

movement of the articulation-related muscles under the control of central cervous system. Surface

Speech is one of the most important skills in human normal life. It is the result of the coordinated

electromyography (SEMG) is a commonly used method for collecting electrical signals of muscles, which
can detect reliable electrophysiological information. When using electromyographic signals on speech
classification, the selected electrode position plays an important role in classification accuracy. However, the
current SEMG-based speech recognition method does not have an objective index for selecting the position
and number of electrodes, and it is still unclear whether the contribution of the articulation related symmetrical
position electrodes on the left and right sides of the face and neck to speech recognition is redundant. In
this study, the facial and neck SEMG of 8 subjects with normal pronunciation were collected by using a
120-channel electrode (about facial and neck symmetry) when they pronounced 5 Chinese words and 5 English
words respectively. The contribution of SEMG in the symmetrical position of left and right sides of facial and
neck to speech recognition was investigated. The results show that the muscles of the left and right sides of the
face and neck had similar variation, but the correlation between the symmetrical positions of the face and neck
was lower than that of the neck. There was little difference in classification accuracy between the left and right
sEMG signals of the neck, but significant difference between the left and right SEMG signals of the face. Thus,
sEMG signals from symmetrical positions in the neck are consistent in their contribution to speech recognition,
whereas facial signals are not, which might provide useful clue to reduce the electrode number and select the

optimal location of channels for speech recognition.
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Fig. 1 Distribution of the high density sSEMG electrodes on the left and right sides of the face/neck regions
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Table 1 Speaking tasks of five Chinese words and five

English words

5 REAES e
P1 Thanks /Oenks/
P2 Yes ljes/
P3 No /nav/
P4 Hello /ha'lav/
P5 Goodbye /gudbar/
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P10 T /zaijian/
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Table 2 Correlation coefficients of NRMS waveforms on the left and right sides of the facialmuscles
HIE NRMS ¥ HIE NRMS T HIE NRMS ¥ HIE NRMS I
hae) HHR REL hae) FHK R HL hae) FHK R HL iae) HHR AL
Fn 0.648 4** Fa 0.469 8 F3 03955 Fa 0.502 0
Fiy 0.781 g* Fx 0.704 1%* Fy 0.571 4* Fi 0.603 3*
Fi3 0.874 0*** Fa3 0.857 9*** Fi3 0.769 2%%* Fu3 0.929 5#*
Fis 0.828 6*** Fas 0.868 3%** Fi 0.858 4k* Fas 0.912 6***
Fis 0.760 2** Fas 0.581 7* F3s 0.726 6%* Fus 0.554 2%*
WE: *P<0.05, **P<0.01, ***P<0.001
&3 WERAARMKIFREE NRMS SR HHE X R
Table 3 Correlation coefficients of NRMS waveforms on the left and right sides of the neckmuscles
HIE NRMS #EAH | EiE NRMS HIE NRMS HIE NRMS ¥ HIE NRMS
FFs REK FF HHRFHL s LAY P HHR A HL s HHRFHL
N 0.540 6* Ny 0.790 1*** N3 0.852 Q*** Nu 0.816 7*** Ns; 0.833 6***
Ni2 0.464 2 N2y 0.598 6* Ns» 0.836 0*** Ni» 0.838 2%** Ns» 0.602 1*
Niz 0.484 0 Nas 0.609 2* N3 0.851 4%** Nuz 0.820 8*** Ns3 0.553 7*
Ni4 0.847 2%** Ny 0.785 8*** N4 0.912 1%*** Nus 0.928 Q*** Ns4 0.837 1#***
Nis 0.897 8*** Nas 0.938 1%*** Nss 0.947 6*** Nus 0.939 1%*** Nss 0.946 0***
Nis 0.874 Q*** N 0.866 1*** N6 0.977 8*** Nas 0.979 2%** Nse 0.968 8***
Ni7 0.792 8*** N7 0.900 5%*** N7 0.990 8*** Nu7 0.966 0*** Ns7 0.972 9***
Nis 0.906 1*** Nag 0.985 9*** Nsg 0.996 4*** Nus 0.988 2%** Nsg 0.988 5***

VE: *P<<0.05, **P<<0.01 , ***P<<0.001
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Table 4 Classification accuracies of 11 speaking tasks using the left side of facial SEMG signals

PRk PR EAES

AL Pl P2 P3 P4 P5 P6 P7 P8 P9 P10 P11
P1 0914 1 0.093 5 0 0 0.0310 0 0.014 3 0.020 0 0.026 7 0 0
P2 0.0182 0.720 7 0 0 0 0.0510 0 0 0.076 2 0.052 8 0
P3 0 0 0.902 4 0.0400 0.092 7 0 0.0133 0.049 1 0 0 0
P4 0 0 0.022 2 0.930 0 0.015 4 0 0.0325 0 0.026 7 0 0
PS5 0.014 3 0.0321 0.040 0 0 0.787 4 0.0111 0.027 6 0 0.072 8 0 0
P6 0 0 0 0 0.029 7 0.6479 0.027 6 0 0.016 7 0.1185 0
P7 0.023 5 0.049 7 0.0200 0 0 0.0333 0.803 2 0.073 6 0.067 9 0.0222 0
P8 0 0 0.015 4 0.0167 0 0 0.081 5 0.848 3 0 0 0
P9 0.029 9 0.047 4 0 0.0133 0.044 0 0.078 6 0 0.009 1 0.713 1 0.0118 0
P10 0 0.056 7 0 0 0 0.178 1 0 0 0 0.794 7 0
P11 0 0 0 0 0 0 0 0 0 0 1

T DO EER R B — RS S R 2 B AIR
x5 ERAEBAMNNBESH N MESSAEE
Table 5 Classification accuracies of 11 speaking tasks using the right side of facial SEMG signals

bRk PUNRH AR5

HAE% Pl P2 P3 P4 P5 P6 P7 P8 P9 P10 P11
P1 0.898 5 0.1590 0.0222 0 0 0.0111 0.024 3 0.0133 0.059 7 0.062 1 0
P2 0.075 4 0.694 9 0 0.0143 0.0250 0.066 8 0.014 3 0.0650 0.1111 0.064 3 0
P3 0 0 0.8212 0.1123 0.081 3 0 0.020 0 0.093 3 0 0 0
P4 0 0.015 4 0.1212 0.738 6 0.0717 0.018 2 0.1509 0.025 8 0 0 0
P5 0 0.040 4 0.0100 0.053 0 0.730 2 0.054 5 0.0422 0.063 3 0.074 3 0 0
P6 0.014 3 0.0125 0 0 0.036 8 0.688 6 0.040 8 0 0.0347 0.1254 0
P7 0 0.0125 0 0.067 5 0.024 3 0.0533 0.676 8 0.046 7 0.018 2 0.0133 0
P8 0 0 0.015 4 0 0.0154 0 0.0154 0.692 5 0 0 0
P9 0.0118 0.0250 0.0100 0.014 3 0.0154 0.036 4 0.0154 0 0.664 5 0.0597 0
P10 0 0.040 4 0 0 0 0.0711 0 0 0.0375 0.6753 0
P11 0 0 0 0 0 0 0 0 0 0 1
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Table 6 Classification accuracies of 11 speaking tasks using the left side of neck SEMG signals

BTV W R E RS

HIE% P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11
Pl 0.861 6 0.078 9 0 0 0.026 8 0 0 0 0 0 0
P2 0.058 4 0.824 4 0.027 6 0 0 0.015 4 0 0 0.079 3 0.0118 0
P3 0 0.016 7 0.972 4 0 0 0 0 0 0 0 0
P4 0.0133 0 0 0.908 9 0.1019 0.0154 0.0259 0.043 3 0 0 0
P5 0.0333 0.026 7 0 0.059 3 0.8455 0 0.036 4 0.023 8 0.0118 0 0
P6 0 0 0 0 0 0.8258 0.066 3 0 0 0.140 7 0
P7 0 0 0 0.022 2 0.0133 0.0410 0.840 6 0.074 6 0 0 0
P8 0.020 0 0 0 0.009 5 0.0125 0 0.015 4 0.857 8 0.020 0 0 0
P9 0.0133 0.053 3 0 0 0 0 0.015 4 0 0.889 0 0.016 7 0
P10 0 0 0 0 0 0.102 5 0 0 0 0.8309 0
P11 0 0 0 0 0 0 0 0 0 0 1

TE: IR R S — R B AR S B L IR L
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x7 ERTMAMNNLESH N MESHLRBE
Table 7 Classification accuracies of 11 speaking tasks using the right side of neck SEMG signals

D473 WK &5

B Pl P2 P3 P4 P5 P6 P7 P8 P9 P10 P11
Pl 0.849 9 0.027 9 0.0389 0 0.0143 0.0321 0.0133 0 0.065 8 0.013 3 0
P2 0.0382 09221 0 0.0125 0.037 5 0 0.0315 0.028 6 0.012'5 0.085 3 0
P3 0.0154 0 0.853 6 0 0.055 4 0.015 4 0.0125 0 0.017 4 0 0
P4 0 0.0125 0.036 4 0.940 4 0.037 5 0 0.0182 0 0.008 7 0.0182 0
P5 0.025 4 0 0.0333 0.0353 0.8553 0 0 0.0310 0.0182 0 0
P6 0 0 0 0 0 0.799 5 0.080 7 0 0.012'5 0.100 6 0
P7 0 0 0 0.0118 0 0.0615 0.806 3 0.0729 0.0612 0.026 7 0
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