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Classification of Thai Tones using Electromyography Signals

Niyawadee Srisuwan' Pornchai Phukpattaranont2 and Chusak Limsakul™

Prince of Songkla University, Hat Yai Campus, Karnjanavanit Road, Kho Hong, Hat Yai, Songkhla 90110

Abstract

This paper proposes the technique for classifying five Thai tones using Electromyography (EMG)
signals. Two channels of EMG signals were captured from the neck muscles while a subject spoke 105
Thai isolated words including five tones. The EMG signals were collected from a total number of 10
subjects. After EMG capturing and pre-processing, 160 features, including time domain and frequency
domain features were calculated. These features were evaluated by RES (ratio of Euclidean and Standard
deviation) criterion. The features with high RES values were selected. They were used as an input of
Artificial Neural Network (ANN) classifier, in which the number of inputs were adjusted to 3, 5, 7, 9, 12,
15, 18, 21, 24, and 27. For training and testing processes, we used two pattern classification techniques.
One was the single-step classification using one ANN. The other was the three-step classification using
three ANNs. Results showed that the three-step classification exhibited a better performance. The maximal

classification accuracy was 95.56% from subject S04 when 21 features were used.
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RMS = |3 53 (1)
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R
- mﬂ’numagﬂﬂﬁu (Waveform Length, WL)
wL=3" 0 -, @)
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WAMP = Z}{tvz_ll f(lxn _xn+1|)’
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@

- A9AAAAUE (Zero Crossing, ZC)
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n=1
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1
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(Modified Mean Absolute Value, MMAV1)

l <~
MMAV1 :Nznﬂ W,|x,

b

w, =1 if 0.25N<n<0.75N, ©)

w, = 0.5 otherwise

- AeApypsAdnysalusuliiminuuui 2
(Modified Mean Absolute Value, MMAV2)

1 v
MMAV?2 = ﬁznzl WX,

b

=1i <n<
w, =1 if 025N <n<0.75N, (10)

w, =4n/N if 0.25N >n,
w, =4(n—N)/N if 075N <n
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- ANRRBYBIRN (Mean, MN)

1
M]\fzﬁzivzlxn (11)

- Aenudurssaaivadnysal (Mean
Absolute Value Slope, MAVS)

MAVS,; = MAV,,, — MAV,
i=123..,5—1 \lp s=6 (12)
Towdi S Ap FuUMTUUIF U I0U-1

- fauinaN (Median Frequency, MDF)

MDF M
Zi:l £ :zizMDFB = zizlg (13)

1
2

- ALQRBTBIAIIND (Mean Frequency,

MNF)
M
M rp
MNF:—ZI:A; — (14)
2iah
- AaEansalaug (Spectral Moment,
SM)
M
SMn=3.7, f;"P,
n=12,3,5 (15)
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Feature (1)

Feature (2) l

.. RMS_1

MEAN_RES
SUM_RES

beanng g 222!

Sm2

SM3
SM5

17 features

107 features

36 features ‘

JUN 4 AnmLLAUYDY ”r:ympm\lwﬂmﬁmLﬁamnmiﬁwmmﬁmmgﬂLmu (Feature(1) uay Feature(2))
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RES = (16)
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(Euclidean distance) Faifun13inszazniesering
nq’uﬁmdaiﬂﬂﬁ’mmngﬂquﬁmo (centroid) vaviaya
uAazngy etansnazaprasteyaszvinengs win
dmAady

o A AuadvvesduibsvluuNInTgIY
(standard deviation) #¢¥an1snszarenislungs
Foyaudnhwimaiedy sieaziBuanisduiu
gnuaaalu [23]
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sluunit 1) nsUszifudnuuziaudmiy
Tluszusuunuuuiunowdied (single step of
classification) TagUsziduAnuaNITnlunIULNGH
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The first step of classification
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nguEpEANTURBUTEINIIILUN Beazistifiumnn
gsalumsuiangsdeyseandu 3 ngn 2 ngw
WAZ 2 NJN ANEIAL

Features of the
1™ model

The first

EMG — model

The second step of classification

! Features of the
2™ model

.| The second

model

The third step of classification

i

[y

<P

model

The third

Features of the

4

3" model
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Tinarnuusiugign Tasiifianuunnsiieszning
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wiulsdn Taslrnuwsiugfisiunn agslsAniunis
WNFILIUENEULIAY FRTaNANLELE IS
swun Iaslinanisisuudasluluficnafeniu
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=e S02
80 —e—503
£ =ewe=504
i- —— 505
E &0 —— 506
<
—— 507
50 P e G — P
4933 5022 50.22 4933 49.78 4978 50.67 —— 508
46.67
%0 - ——509
37.33 ——S510
30
3 6 9 12 15 18 21 24 27
The number of features
(n)
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——S01
%0 = =502
80 ——503
-_ =eupe=S04
=
s 7
E ——S05
§ e ——506
<
e e — gy — —— —— —— ——507
s0 R 54.22 5422
s1.11 5333 52.89 —— 508

—
— — 51.11

4578

— 4978

4444

12

15

18 21 27

The number of features

(2)
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AL 19.55% ilpSeudisuiunisldiuau
fnvusieudies 3 6 Tussfinssuunuuuais

FUADY MTANTIUIURNBULLAU 21 1 THinaa

WUEIGORR (95.56%) Feanuusiuguiindu 1067%
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e An average accuracy of 10 subjects ~&-The changed accuracy after adding the number of features
. :
£ g
a- 2
£ g
g 2
e @
: §
S
An average accuracy of 10 subjects ~8-The changed accuracy after adding the number of features
50 8
. 6.71 . 5
80 R, T T 1’g
g 75 N\ J J %%
%. 70 T /s { AN  Fs g
5 65— l // AN —+ 4 8
§ o1~ —s 3
— 3. - ]
g, 55 s 1.41 L2 s
9 50 +—f 0.67 . 076 — ~ &
I a5 Z  0.00 —1
40 T T T r v T T T [+}
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The number of features
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WULTUABULAYD (D) MITIIUUNLUUENTUADUVNNELYR

(confidence interval) 95%

LOUAIARIALARBU (error bar) LEANHINANNITDNU
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