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Author Mr. Tammarot Pothirat
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Academic Year 2013

Abstract

Speech is a necessary communication for interacting between human.
There are many diseases that affect to speech production for example dysarthria
which is motor speech weakness. There are many strategies to improve the speech
ability in patients. One of them is speech rehabilitation training. Furthermore,
biofeedback using electromyography signals (EMGs) is important to adjust patient’s
behavior for training their speech. The EMGs can also be used as a human-machine
interface. It includes two important parts. The first one is a feature and the second
one is a classifier. This study used 18 time-domain features and 5 classifiers to
compare the performance. The EMGs in this study were acquired from 6 facial and
neck muscles. The sampling rate was 1024 Hz. All signals were filtered using band
pass filter with 20-450 Hz of the cutoff frequency. The filtered signals were
windowed 256 milliseconds to extract the features. The features were selected using
correlation based feature selection. The selected features were used to create the
classifiers using the data from 10 normal subjects while they were doing 14 activities.
Logistic model tree (LMT) provided a highest percentage of accuracy which was 80%
after it was improved its performance using adaboost. This features and LMT were
then used to create speech rehabilitation training program. This program had the
biofeedback using root mean square (RMS) for adjusting the behavior of the user.
Apparently, the contraction of zygomaticus major, levator anguli oris and mentalis
muscles were different between normal subjects and patients. In addition, the
percentage of accuracy was evaluated when the numbers of channel were different.
It showed that, if the acceptable percentage of the accuracy was set at least 709%,
four channels passed that criterion as a minimum number of channels. Therefore,
the knowledge in this study can be used to implement for speech rehabilitation

training.

Keywords: Electromyography, Biofeedback, Feature, Filter, Classifier, Dysarthria
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1.1 finuazaauddny
msyadumsinsedoasiitinudifyodiadadmiuuyed lnonisyatin
NNAYY TTUUNUTINAY LU SruusuAuidn vse Aanssunieszuulssaimuay
n&anile uffy  2005) swafidaiaunazgniondufeiidnduiianlunisindedeans
iesnnmsnailidavielignsies envdenaseninunaiaadeulunisdeninuvngld Tu
Jaqtugaudvruniniianuiinunddunisuaiilesainnensaninene 1wy oefiadn
(Autism) Sunn (Paralytic) AuRAUNALUNTIUTUNTUNITNA (Apraxia of speech) 81715
ylsiifuninu (Dysarthria)  wazAuRnUARsuAnsAeasidosanlsanieszuuUszam
(Neurological diseases) muEAUNRTOITZUVUTZEMTINTZUUKADALADA (Neurovascular
disorders) Lifsonluanes (Brain tumor) gURWHMIANES (Brain trauma) uazlsalunii
Lﬁaaﬂéa%ﬂ (Bell’s palsy) Judu (Chen et al. 2010, Chen et al. 2005, Dalla et al
2012,Duffy 2005, Murray et al 2012, Ogar et al. 2006, Wambaugh et al 2006) 15A#%3®
neBanInensaniasansgnuseusyansamlunisyn shlsdernayaluidaay S
Tinsfindedeansiinuiiaifisuluainaudila
nssnwiauiaUnffenasenauludrenateguwuy wu nslden ns
tiamnsdn msnsedusigliin uaznsvidanisya Sanmsdidansyaduisnisniend
anddnlumsimuuazusulssmsyalilndidssuni Tnsnraiiaunanisnisdoasiiie
mﬂmmﬂ@ﬂﬂmumimuawmasuﬁﬁtﬁm%’mﬁ’ummm (Motor speech disorders) 1Ju
anuRnUnfATinyliios Fapuieundfananamnsoutddiiiu 2 ndu fe muRaunily
nsTusunsumse wazermsyaliiduainy wuirormsyaliduanuiisnsinisifalsaiigs
ndrenuRaundlunisTusunsuniswm uffy 2005) fsdumsfnuluasaiadugtaenga
a1nsyabiiluny onsualiduanuinainauianfnisssuuyssamaiudany
Eimaiﬁl,ﬁ@mmﬂmﬂﬂﬂumimuqmé’mLﬁaﬁm6] 9IN5VRIAIURAUNARINA1IEIHA LY 3]
mseenidesilidavied ilkAsmuduaulunsieansdilsilsliinla (Yunbin et al.
2009) findnilevanedaiiisatestumanadadefionmsinnivesmaiadoulmiazdama
AaN1TIA LU n&aiile levator anguli oris n&Nanile zygomaticus major uaE ndNile
anterior belly of the digastrics Fudundaielunindiuans (Lower facial muslces) Jou
et al. 2009, Stepp 2012) ﬂamLuamﬂanmmmﬂs‘vaﬂm“bﬁamlumumq6‘] laen15in
Fyanaiiinduny hianTausine Fyanadnanifedyyindniuies wuiidnisld

[

ammﬂmmwiumimEJWuvjﬂﬁmaaulmnamLua LU azszynmlWﬁmmmua (EMG)

[

duaunaudea (Speech sound) W580am3519199 (Ultrasound) (Huebur et al. 2008, Shawker

A7)



et al. 1985) TuN1IUAMIAINTTUNEATILINGT UBNTEAULAZAILAUIUBILIA (Schroter et al.
2005) LLazmmsaa%’Nmsﬁmmmqmamwiué’mmmwﬁgqmiﬁﬂﬂﬂﬁ’mmmmlﬁ (Davis et
al. 1980) T,maé’iyapzu"LWﬂﬁﬂé’mLﬁaﬁaﬂﬁﬂumiﬁmmmiaaﬂLﬁmuasmimuaméﬁmﬁa
(Gentil et al. 1994) lunsiinvrdinnisyn uenainagiinistlnyauddasinisilnindouln
9787z cmsmLﬂ&J'mumsmeUUluaamam LwawwmsﬂqumsmaaulmsuawmamLua
LLaummumm U MsiinauLdusesinndnile (Muscle strength) nsWanAY
fafaveandnile (Muscle tone) msifiufidanisiedeulnm (Range of movement) Wazn1s
faunnsmuaundanodmiumaiaadies (Ruscello 2008)

Fanalilihndudedaanmsivasudadessuneludlenduie §
a$199nn1snauazaatefvendiledasiieg fnsdnvuisatunislddayarali
nailoluneeadnuazmdmnssuiiolilumnssiuasUssdudnvasie fun
dnyey1adsianana (Phinyomark et al. 2009) Iui’]aagﬁ’uﬁmﬂ%ﬁagaynmlﬂﬂmé’mLﬁaasm
ﬂ}J’N“U’JWﬁiuﬂ’]iﬂ’lﬁlﬁ]ﬁuﬂﬂ’mﬁ’]uaﬁiﬂii:ﬂLLﬁzm’iaWiaﬁ@m’i (Ghai et al. 2012, Schultz et
al. 2012) 1wy mslddyaalwihndauidelunismuaugunsalsisanuasain nsld
ﬁagzymh\lﬁmé’mLﬁ@iuﬂﬁiaﬂﬁaﬁaaWi W3oN1SUIUALIAMIEY 19U BUNIR AURNITVS
LYUN w%amuﬂué’mwmmuwﬁﬁ (Dalla et al. 2005, Kitisomprayoonkul et al. 2007)
agslsfiny dyaralninduiiediansauanaionssuvesndruiledasiieg dmsunns
WauvsensuSulsangnssuvesthe (Davis et al. 1980)

Tun1shmsrsndgaraliiingdinide nisatadnvasidu (Feature
extraction) Lﬁuéﬁy’umawﬁaﬁﬁmmé’wﬁ'm’tumﬁqLaﬁagaﬁ'Lﬁuﬂiz‘[wﬂmﬂé’mﬁmmivxlﬂw
nanilosldusslonsl (Phinyomark et al. 2012) flosandnuwasauildlunsiasize
Fyralninganidefisiuaunin fadunisussduuszaniameesdnuaziy Judu
desndudioldlunisAumdnvasruiiiinnumanzay Snnszuiunisviefidainuddalu
Ml ziuasn1sUssgndldeuifeniseonuuudisuunussian (Classifien  fatdy
nsaneluadedsedidmnelunsdududnvasrusasisuunUssandidaumnyeay
ﬁm%’umﬁmswﬁﬁaﬁgﬂmlw%ﬂé’mLﬁaﬁlﬁmﬂmiwLLaxﬂfmﬂ?{aulmai’mwm8]171
Aedesiumsyaitelflunsiintdanisye
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Tnensldszuuidn (Wand et al. 2011, Wand et al. 2009) ﬁﬂ%%’&i%’é’tgmmlw%méﬁmﬁaﬁ

lpandanduilousnalunihvugeaaiasunesnidssuasnawuuldosndesdmiuns
WAIUINISE0@NT 19U NA1ULHE levator anguli oris nanuLile zygomaticus major Wag
nauLle anterior belly of the digastrics vHudu Jou 2009, Wand et al. 2011, Wand et
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sEmnsuyudiuesesinsvidensuiiames (Human-machine interface) dmdunisuansoon
vt SdeTnduanaliinduievarenaainsiinsuanamedniiimesineg Tag
Sanduiiefldiu ndanie temporalis waynananile frontalis (Hamedi et al. 2011a,
Hamedi et al. 2011b) wardin1slddaanilvifndadeludifitymiunisyangueinis
wolsiifunny Insadelunisadeszuuisdmiuiielunguanuiinnfdsna el
ansnsnfndedoansiugilsléfaatu (Yunbin et al. 2009) dAwsunisadeszuuidnssneuly
fenszuIunsTidfranenszuiumsieiu tiun n1snsesdtyana (Filtering) msiulad
dygad (Windowing)  nsafnanumueiall (Feature  extraction) ANSLABNANWULLAU
(Feature selection) Wazn1500NKUUMIIMUNUTELAY (Classifier)

1.21  nsnsesdgyqind

nsnsesdygrasuniuidunszuaunisifiaiudndgy

'
U l

Wesnuniinig  nsesdausununlidfardmalinseuiunisiu

A

[

iasrendygradudiudaluiinauianainld taanduninudd
ﬁﬂﬁ’ma@é’m@wmlw%ﬂé’mﬁa%aagﬂuﬂhwizmm 0 - 500 Hz 9%
gmﬁwazﬂiaﬂé’mmﬁmiumu?juqﬁagjuaﬂmﬁammﬁwﬁaﬂén
ganll Tnensldfinsesnuiifnsny (Band-pass filter) Auddn
nufideuldlunsimdnduginsununndyanaliiindaiess
agluyiausEan 20 - 450 Hz (Hamedi et al. 2011a, Hamedi et
al. 2011b, Jou et al. 2009, Yunbin et al. 2009) Inewauaiildtas
ANMNA 20 - 450 Hz iflesvinesdusenauminuddidinit 20 Hz
ﬁﬂaa3Lﬁué’iyapmiumuﬁQﬂa%ﬁﬂ%umﬂﬂwsLﬂﬁaulwamaaqué
(Motion artifact) junisunisvesanethdmyain vien1sidouves
Sidnnsn drussdusznounuifigenin 450 Hz dawlngjazdu
éi’fgzg'lmsumuaaﬁﬂiznaummﬁqq Fudussdusznouaudil
$18ulunsinseidayaadiiiinganie (Huang et al. 2005,
Stepp 2012) Inedansesfifiouldfe Butterworth filter
(Mohammad et al. 2011, Van 2001)

122 myuladdygiu

ﬂ']33u1®’5ﬁmm’1€uL{JUﬂigUQUﬂTﬂUﬂ']'ﬁaﬂL@’](gf’JE]EJI']\‘isUEN

g7

o 1 [

dyugimidaieiinisiiasisinseainanvuziaunely Yuln

Yoriulainldnaztuegiudnuazau wu nsinseidyaraliin
nauilelusruuiIviimamsiadeulmiluninvsenisuanseanng



dutl (Facial gesture or facial expression recognition) feuly
Juladvunn 256 aaliu?l (Hamedi et al. 2011a, Hamedi et al.
2013, Mohammad et al. 2011) @wnsiaszidygialnii
ndsileluszuuddidima (Speech recognition) deuldiulafuunn
27 §ad3un9 (Wand et al. 2011, Jou et al. 2007, Jou et al. 2009)
PnmsAnwnuitewniulad 256 Wuiitenldlunsussananaids
nanssailosniidnvarlndidssnsedoulmuuunsd (Stationary)
ndaaraildannisiadeulnuuuliaed (Thongpanja et al.
2013) Fawansluguil 1.1 uenanilfmuindionisiioudioy
gunvediuladvuinsieg fululadving 256 dlo S1 way S2 Aanns
nAaodYAdl 1 Lag 2 auaIdU 1 C2 wag C4 Aediudu
YosdyInd 2 hag 4 Y9dYQINAINEINU WUINAMURANAIAUDY
nsisunUsziavueiuladauin 256 ldupnansegedited1Agyiu
gurnveiulaifilngnin namfewdiinauiaiulaifilngnindad
Suuteyainnniviuladung 256 wimuRenaIYeIN1TI LN
Uszanilalnalfesiu walinauuana1segeiidedAgyiuruinue
Fuladfdnndn (Smith et al. 2011) Fauandluguil 1.2 Feduiuled
w9 256 Fgnuuztlunisuszuianadyyin

100
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% of stationary signals
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W
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=@~ static contraction ={dynamic contraction
| | | | | 1

128 256 384 512 768 1024

N
(@)

Window size (sample)

'
=

JUT 1.1 Andesidusnsiadaulmuuunsivazldaiiiunis
WasuwUaswuinvediulad (Thongpanja et al. 2013)



1.2.3

30
825
< T S1C2
220
(] -[ B S2C2
< i T T
2 e B s1ca
& 10 'IT T T T T
‘@ L1s2Ca
©
O 5 | T

O T T T T T 1
50 150 250 350 450 550
Window length (ms)

a

JUT 1.2 Wesiudanuiianaialunisduunuszaniuns
WaguuUaswwinvesiulad (Smith et al. 2011)

ANSANARNYEULLAY

Snwasruividnvazsudaian (Time-domain) §nveas
WULTIANE (Frequency-domain) wardnsugiauidanal-aiud
(Time-frequency-domain) uidnuaziauluduranduiiteslunns
Tiasziduaralunaiads Wewinianusiaialunisdiuam
asglisndudeavadyaraludwalululawmdudeuriinis
fuas Wi nMsrwdneazsuludenud fewdasdyaaly
Wananmenisulaslies (Fourier transform) nawdavinnsAuan
sola Jerilranwauzinuludwiardelunsiiluldeu Tuaeau
Frunisunnduaziainssy dnvasuludwanduiidenldedis
117 (Phinyomark et al. 2012) wuinddnwazaululdanaidiuiu
unildlunsiaseidyaralniing e fudandundeusinn
Tunid d1ne waunarandudiu lnedegrednuvuziaulu@aian
LEAIAIUA (Boostani et al. 2003, Hamedi et al. 2011a, Hamedi
et al. 2011b, Phinyomark et al. 2010, Phinyomark et al. 2012)



Integrated EMG (IEMG) Judnwagiauninaglalunism
asusuNIIafIvesdyaalninduile Snvuseudl

[

AnalanuaTnvesdyyaliinawlediognuuasiv

o

Juarvanaeaunsn (1.1) e x Aedgaalidinauile

o =

wag N PaduiIugavasdyaanldlunisAun

IEMG = ¥N,|x] (1.1)

Mean absolute value (MAV) \Judnwuziaunideuldlunis
a 6§ ¥ d’lj £%4 U = %
Anzdygralniinauile Tagldnuludnvuzsivioudu
[EMG Aanismgaisusunisnadivasdyaialniinnduile
anvuzlauddarulralaainAadsvesdggraliii

v X A v \ o a A &
ﬂamLuamgmwaﬂmﬂummﬂmammw (1.2) o x;, AB
doyaalihnduilowas N Aednuiugavesdyginiildly
ANSATUIEY

MAV = % ¥ Ixi] (1.2)

Simple square integral (SSI) Hudnuauzauildlunism
suiinslindenu (Energy index) vosiandunile dnwas
wﬁuﬁaﬁﬁwmm"l,é’mﬂmaﬂmaﬂﬁagapmaﬂﬁwé’aaaaéﬁ’ﬂammi
7 (1.3) o xAedyaalwihndailouas N ABIUIUYA
vosdnyaafildlunisdiuan

SSI= ¥N ., x? (1.3)
Variance of EMG (VAR) tfusnwaisiauiildvondaiinigld

1 (Power index) dnwaglaumtauinlaanAadeves
grauliiinduilesnAideaesnsaunsi (1.4) 1e x Ae

[

M
ey
fyanaliihndudowas N Aednaugavesdayn il
NISATUIN

1
VAR = E Zl\il Xiz (14)



Absolute value of the 3 4" and 5" temporal moment
(TM3, TM4, TM5) 1 Jun1siasieinieada weaiwiadlaain
Andsvosdygnilriinduidefignenidsheinethgs 3
4 waz 5 mudwulasaunsiiatidaduand siidon
Iszgnviiliduduandsaunisd (1.5) s aunnsii (1.6) e
x; Aedmanailwihnduiiouas N ﬁaaﬁ’mauqmaqé’zgzgmﬁ
TalunisAua

™3 = |- I, x| (1.5)
TM4 = < BN, x;* (1.6)
™S = |< I, x| (1.7)

Root mean square (RMS) tJudndnwaztaumdundelu
msieszdanaliiinduile Ineawilaannsinfieasa

T o

'
a L2

vosAnadudyy ulniinaulosnANaIEeInNaNnNITN

<

A o

(1.8) o x; Aedyaalrifinduiiionas N Aoduiugaves
dyaraunldlunisaiuan

1
RMS = /ﬁ >N, x2 (1.8)

Log detector (LOG) \udnuaziauiildlunisuszanamiuss
Tunsuasvessiandrunile (Muscle contraction force) Tng
fwaaildmuannisit (1.9) e x Aedyanailniinguile
way N ﬁaaﬁ’wmu@maaé@ﬁgmﬁiﬁumsﬁmm

1 N
LOG = eN Yiz1log (Ixil) (1.9)

Waveform length (WL) Judnvasnudildinanududou
vesdyanaliiinguie Tnemuaildannasvewasig
vosdaaralniindruieraunisd (1.10) e x,  fie
Fyaalindanideuas N Aednaugavesdayn il
NISATUIN

WL = ¥ i1 — X (1.10)



Average amplitude change (AAC) Hudnuaiziauiilndfies
fUWL  urdnuasaufataviudeasvenanisves
Fyanalingdesaunisd (11D e x  #Ae
Fynailwihndaiiouay N Aodnuaugavesdyn il
N1IANUIN

AAC = < TN i — x| (1.11)

Difference absolute standard deviation value (DASDV)
) [ oA [ (9] o v | a
Wuanwaziaunea1enu RMS Tneauinlaannaisinfiaes
YDIANLARYNANNNNINIEDIAIENNITT (1.12) %  AB
doyaalihnduilowas N Aednuiugavesdyyiilely
N1SAUIE

DASDV = \/ﬁ YN-1(xq — )2 (1.12)

Zero crossing (ZC) \ludnuwaiauiituduiunisiiugug
voedggralviindruie wWetdunisnanidesdygyiu
= « g."/ ! U 14 a o -'-NI dll A
FUNUIIINITAIAITEAUO19DIMEUNITN (1.13) o x fio
doyralndinduile N Aeduiugavesdyayanldlunis
AUILAE threshold ABIZAUDNBITIAINAY 30 mV

ZC = YN sgn(x; X Xi41) N |X; — Xj41| = threshold](1.13)

1,if x = thresold
0, otherwise

sgn(x) = {
Myopulse percentage rate (MYOP) Lﬂuﬁﬂwmzlﬁiumsﬂu
MsmAIUINTesdyInfiinnIsEdusBdasuiald
auEnnsT (1.18) o x dedyanailwihnd e N Ae
Fnnugavesdygraildlunisduiuuag threshold  Ae
sefud1aBeFafiAnintu 30 mv

MYOP = %N, [f (x,)] (1.14)
f(x) = {1, if x > thresold
0, otherwise



Willison amplitude (WAMP) 18udnuagiaufifaudumius
funasanvesdaanaliihndundonnlonduidericudinly
naeeLduly (Motor unit action potentials) hazlhsdlunis
wasvosianduiie Tnefuialdauannsd (1.15) e x
fedaanaliihnduide N Aeduaugauesdnyaauilily
nsAInLaY threshold  Aeseiudnededdidiiiu 30
mV

WAMP = Si5Hf (1 = x4 )] (1.15)
f(x) = {1, if x > thresold
~ 0, otherwise

Slope sign change (SSC) iudnwauziaufinansianis
wWasuwUasanuduressdygralwiinduileseningaiuan

v '

AuAtaulagawilanuaunisn (1.16) e x A

[

doyaalihindiuile N Aeduiugnvesdyaanldlunig

A
[J

ANUNLAY threshold ABSEAUNIDTITAINAY 30 MV

SSC = MSMFI( — xim1) X (x; — xi41)]] (1.16)
f(x) = {1, if x > thresold
~ |0, otherwise

Modified mean absolute value typel (MAV1) iudnwey
nusuuiann MAV  Tagnistiuiledduiuladuindn

]
a

(Weighted window function) sinu@un1sv (1.17) e X A9

doyralndindaile N Aeduiugavesdyayanldlunis
AUILeE w; AeentuIuladtutn

MAVI = & B, wilxi (1.17)
_ {LIT025N <1 < 075N

Wi 0.5, otherwise

Modified mean absolute value type2 (MAV2) tusnuey
AUFuL19In MAV Tagnrsiinianduiulaiuinin

'
=

(Weighted window function) augun1sy (1.18) o X P9

doyaaliihindiuile N Aeduiugnvesdyaunldlunig

A

AILaY W, ABTINTWINLAIUMIN



1.2.4

1.2.5

10

MAV2 = % YN wilx;| (1.18)
1,if 0.25N < i < 0.75N

4i
N’ elseifi < 0.25N

L4(i; N)

Wi =

, otherwise

ANSLEBNANBEULLAY

Tnonszurunisifenfumaialunsuiledgmdmiunis
Uszifiudnuasiaugoafinuasivanzay (Heuristic) 89n52UUn1g
fananiaglduseleriannanUdunus sEnINednwasLlAUAUNNI S
LasAUEUTUS TR az A NYATIAY NANAD AnvasIugesTinalT
widudnvazisuifianduiué (Correlation) fufanssuiigs uas
anduiusudnvasaugossauiites (Inter-correlation) tasan
Hunslddnvasauiuannusudu (Redundant) Tneaunisd (1.19)
suifuaunsildmanvaznufinuasnzay

KTcf

Merits = i

(1.19)

dlo Merit, Aernfivsuenindnumsirusng (Judnvaswuiiiuag
winzauszneuluiednuuseusiun k Snvaeeu lagly
msAnwl k = 18 dnwasiiu T AD ALeRvEvEITUSSYWINg
Snuassutuianssusngg dw T Ao Analanduiussening
danwuziaugey (Hall et al. 1998, Karegowda et al. 2010)

ANSRBNLUUFITLUNUTELAN

ilosanluszuuidn nnseenuuurienaidonlddidiun
Uszianlunisansifanssusneg Wunssurunisiifiaaudidey
domnmnldisuunUssianitliivieliminsaufionsavdmwae
ANgNFatiug1luN1TaIndIAINTTUAe ilvszuuAnteRanan
wnduBnee lngsduunuszinngnihanldlussuuiinandayayiu
FndivaneUszinn FeusavUssaniavimane funussasuuy S
wilouuazUANANA LU NM3danguieledd-fiu (Fuzzy C-mean)
mMsviuefeisnismaundnilndfuiian (K-nearest neighbor)
wesidunseunastu (Multi-layer perceptron) Wazn153LUNAY
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FnnasaINwasuuvdiy (Support vector machine) dmiussuuii
nswndeulmvionsuanteann1adnin (Hamedi et al. 2011a) lng
Tsuanaliihnduide dulsinnssnduls Decision tree) Uovic et
al. 2012, Lopes et al. 2010) wuvitasdaauu1saav (Hidden
markov model) (Lee 2008, Wand et al. 2009, Yunbin et al.
2009) lasevneuseamiiion (Neural networks) (Hamedi et al.
2013, Subasi et al. 2006, Tsuji et al. 2000) §MTUTLUUIANANE
é’zgapmlﬂﬁméﬁmﬁa LLaziswifai’wﬁm%’ué’m@wmmaéwmaﬁuq
n15L8enlg9IaN1509NLUUAITILUNUTZLAN AodA1tadalaILas
UszAnsamlunissuunfanssudneglunisfnufielildmduun
UssLanilmngandian lasdudnlazuansdnegianszuiunsily
TusdunUsennmge

o Fwnosannmesuusiu idusisuunussianyssianvied
uidoaianldlunissuundeyanionuunndives
sunuudeq ngldnguinisadinlunisairsiuudnaes 67
Suundssantssani sgBunszuaunislaenisdeutoya
Anaeuitinsszylssimvomadndlifussuunyssinnly
aumsinaule Feldinesdailedty (kemel function) 1Tu
aunslumsduundeyamuannisi (1.20) Ingnisuvaun
yostoyaveniduledisgui 1.3

fx) = sign{ i1 w; 8;(09;(x;) + b} (1.20)

Toe 6;(00;(x;,) Aawnesiailsitudsdiognansussnn Tuify
ko w; AeAmiiniin x; Aeteyavidiuay b Aeeliy
Beos tefumsiiiuaugndedituuuudians Feiinsidi
fudsiieldluniseensumeuiianain (Thamsii et al
2011a)

o Tnssedszamiion Wudndsuundsanniiduidenly
N5LATIZRAYYIal Lasin19Y9UEANULUUNITTNNUTDY
wadUszanndagudl 1.4 Tassdeussamidfiouazusznouly
shdrvesteyaiililunisilnaeuunudie x Jsuszneuld
AEAIRNATLATUTZLANUDINARNT ALUNLDEILNUAIE b
wazAtintn w; - Bafinisuseudndiniunisuiulgae
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thnidn v lFlddaugndesunian Tugisiuun
Uszianuszaniazliflaidusiieg Tunisadreaunisiite
AINAINISIAesE 1S ulTlun1sIunUTELAN AR
AUFNNDIALINADSUUTTY BNFIDE1LYY HINTUNATIN A9
AN (1.21) (Thamsiri et al. 2011a, Thamsiri et al.
2011b)

n= Zizzlxi Wj +b (121)

Support Vector
- :
o @ | .
v

JUN 1.3 lassasadnnesnnninesuusiiy

Hidden layer

JUN 1.4 lassaislasseyUssanniiey
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fuliinnssnaule Wushsuunyssnmmilsdaieududon
Heuninlunisuranileieuiisufufisiuuntseiny
Usztnnaneg AslaianluAiuinidssninddniunlssan
duq fuliinsdadulagnldlunisiunenadnsaindeya
Howtu Tnefinsiinaeunndeyaiidnadnsoguds mavhau
vesfuliinsdndule azFuainnsulsdoyatiloadrsuus
dwsuldlunsinaule Tnowsusaziunnuietsstuiuay
gndrelunmsduunuardugedoyailtlunsinaeu lne
amsvesiulifadulauanadiesudl 1.5 (Thamsiri et al.
2011a)

Output 1

/. Output 2

A Output 3
. Output 4

Output 5

1 B . Output 6

Output 7

@

JUN 1.5 lassadeduldnmsdnaula

suldnisindulawuuladafn (Logistic model tree: LMT)
I o o c{' v ¥ = = 1 4 v
Jumduundssinniusulpdedausouunsegivaaulyl
msenaulawaznisannsenuuladann tneguldnisanaula
wuuladafnagsiueeauldnisinaulawaznisiAsieinig
anneskuUladaRnbinlefuiaiiuAILaIN15aluN1SYiune
MeNI5UsAINTINA19Y Inedruduvesiuldnisdndula
wuuladadnazaireneauldnsindulaiauendesdaya
Sruaunneenludiugneu antudseenuuudiuUangves
guliinisfnduladuieddunisannsgdindunisvinuieaiy
| & a & a 2 =
razilulunisifawnnisalsneg 31n5UN 1.6 asiiuds
Tassnevasnuldinsdnaulanidiulanedunisiesizrinig
aAnRYLUULAIARAN
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*

<=30.333333 > 30333333

e wsiosen

<= 43111111 >43111111

3 a9

<= 2497245 = 2497245

I

<= 10 426865 =10 426865

JUN 1.6 lassafauldnisdndulanuuladadin

uennaziinmsidenmduunyssamiiiinnumsnzasients
THuwds flinsusulsanuninlunisduunuseinnvestayasn
¢ TaowadaiiideFendieniydn leamydnasgnldlumsuiulss
AN uunysEnlnensUTuainiinanauiianain
Tunisuunussiandoyavesiiduunussianiitelidmsiuun
UssLandadeludianugndeadiunindy Tnsnisvisuveaunaie
fsnanaziBuanmsdedoyaiidndmiunisiinaeudadudeyais
nadwsogud ntuazierntminEudiu udahmsuslneiing
fapnauRananaudaninisusuussantvin Weeaufiawain
Fulumudeulafifmuavieasuseumaudinuamiuionisves
At Fafaevinlildnadndamannisd (1.22) (Thamsii et al.
2011b)

J(x) = sign(Xi-; a; he(x)) (1.22)
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1.3 dnguszea

1.3.1 L‘Wlaﬁi”lLLUHQméJﬂ‘HﬂAS“U8@5@@1N1Wﬂ1ﬂ’5’]&Lﬁ@ﬁlﬁmﬂmimmlﬁ%
mandevlmeioazmeildluniye

132 iednsziuassundyaaliiingudeiielddmsunis
LENLEZAINTIUAE

133 emuilusunsudmiunsiiniidnmsye

1.4 nanAnIazlasu

141 vlildeadouazAndsauuinasgiuveanguauunfitoldlunig
Wisuifsuanuuanssiuardildainngugiae silvilaeanansa
USuusanganssulunisvifanssusneg lndlAesiunguaudni

142 8lUsunsumeufinmeiuazsruudmsunsiadyanailiinng e
Tumsiintdamsyadmiugineafityvsunswadmivaulne

143 fuhefusegdlalunisiin savisdarsouamenuiuadoniioaay
Aeduszminmsiinga

144 fheasavinistintidaniswelddesmestheeanty las
flatihmenmiriarsetnudlvnsyatiosas
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Ui 2
A5n1599Y

2.1 WNANNISANLABNBTENENAS

o X . .. v ¥ v v X dA
nsfnwluasitdaginsiadygralwihnduleandandiuileineites
% dl U 1 dl U o U dd‘
funisndeulmedeizene Aldlunsyavesenanaingdiuiu 15 see1ysening 17-97 U
Jutnengiinuanuiaun® (Wang et al. 2005, Zi et al. 2008) Ailanudilanianiw
nsueaiukaznsasumduund awnsaviinanssusnge Alasuneununelaegisasuiiu
araadasianuaUszneulumesaadasnauunfidiuiu 10 518 ongweie 23.6+0.8 U daldl
ﬁ‘diz’iﬁmmﬁ@ﬂﬂaé’miwwizamLLazmiwﬁ LLazmmﬁﬁmmjmﬁﬁmmﬁmUﬂaé’mmi
WATIWIU 5 518 818LadY 531091 U %ui‘]uﬂﬂwmmw%’m nauitiauRaUnAlun1sAIVAY
1% dy = (=S . a [y~ 1
nanuielunisyansesinisyaliiluay (Dysarthria)  wlayaliiduauwuugauunss
(Flaccid dysarthria) (Duffy 2005) 71iin1588uu59vInautHeMAgITaItuNsAIVAND T
' = Y 1a o ke v & B ' ' P
aqildlunisna lawn SuRuin vnsslng au wazndanlleluniheglaegrmilivzenany
ag9Usznouiu lneidunquiiinisesunsswanduielunidudunauiannesnainlu
anewRasvuuUszamadmUate laud dUlengudumnaimi (Bell’s palsy) HUhenauile
90ULY (Myasthenia gravis) HUrenguunnsaslunanaiile (Mytonic dystrophy) visegUae
nauNaLLegauLsLeLaLad (Amyotrophic lateral sclerosis)

2.2 WUUHUNISIFY

ﬂwws’amlaaﬂwsﬁﬂwﬂuﬂ%ﬂ‘ﬁ,lﬂmﬁﬂgﬂﬁ 2.1 euszneulUsediuvanisia
é’ﬁyzgﬁmlw%ﬂé’mLﬁaé‘?jmﬂuﬂé’mLﬁaﬁagﬁmmiwﬁmazmm’mﬁuaﬁma Toun naaile
Anterior belly of the digastrics (ABD) nailo Zygomaticus major (ZM) néaile
Levator anguli oris (LAO) nannile Mentalis (M) néanile Depressor anguli oris (DAO)
waznanile Mylohyoid (MH) (Denewer et al. 2011, Lapatki et al. 2003, O’ Dwyer et al.
1981) sauneAu 6 sandnaile duanaiildaniandwdosnd wgnUSUUTIdy Y0
dioliladuanaiingdulneiunisnsesdyaasuniusasvenedyaaniolidygiad

A7)
¥ (%

YA MNTUIIIdduveinsUssnanadyaaielvlalevinndmiunisiveusde
nsUszanald dalauinistinundanisnasiely lnesgasiBenveusdiuasnanlaeaziden
lududnly
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myiadanalnihnsuile MUl s
nnluninuazaras naumsdszaanadann
msUszandlinuy M3Uszanana
dmdumsinidamsue Foanaluihnauiile

JUN 2.1 asAusznaunanlun1sAn
2.3 Faquazaunsal

wnaflauazTanililumsdnwadedannsauudléidu 2 @ Wuredese
LLasi’aQﬁisﬂumﬁmLLasﬁ’uﬁﬂé{’zyiyﬂmLﬁaﬁﬂmiﬂismawaLLUULﬁU%@uUaﬁamLé’meﬁ
Uszananadygunienas (Offline) LLazm%aaﬁauazi’a@ﬁlﬂumﬁﬂLLazﬁ’uﬁﬂﬁq;aymLmu
N334 (Realtime)  dmsumsuszandldan Taeindesilouaz fanildlunisauaziuiin
Funafnanvzivegiafiumileuduldun didnivsndanies-gaiesraslinuuufiaRanegy
7l 2.2(n) dadaguil 2.2(n) usanesed 70% fagUTl 2.2(m) wazAeuumesliindn window 7
CPU Intel Core i5-3210M 2.5 GHz Hard Disk 1 TB 5400 RPM nVidia GeForce GT 640M
ﬁqgﬂﬁ 2.2(3) ﬁ"mm%a:ﬁaLLaz’j’aQﬁGmﬁ’uﬁﬁa favgedyyid Mobié-6b  (TMS
International B.B., Netherlands) (Hamedi et al. 2011a, Hemedi et al. 2011b, Hamedi et
al. 2013, Huang et al. 2005, Jou et al. 2007, Jou et al. 2009, Mohammad et al. 2011,
Phinyomark et al. 2012, Thongpanja et al. 2013, Van 2001, Wand et al. 2009, Wand et
al. 2011) éﬁ’agﬂ‘ﬁ' 2.2(3) dmsunmsindyeraunuulszananadyginn1ends ludiurenis
5’@LLazﬁ’uﬁﬂé’mzymeuL’Jmﬁwﬂﬁé’fﬁ’mmaé’zgﬁyﬂmﬁﬁﬁum&iaﬁ’uﬁaLLUaQé’zyzgmmﬂ
Fyanuemndenluludygafdnoalasld NI USB 6009 14 bit 48 kS/s faguil 2.2()
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(2) Q)

()

@) @)

JUT 2.2 Taquargunsaliildlunisine (n) Bldninsawuuieia (v) @13 (A) weanesed (1)

pawfiumesidndn () Mvenedynin () Auwdasdyin

2.4 AFINFYYIU

msanwiluaiitdagTadgaulniindmuideainetaaingdiuau 15 519899

Tananina1t198u Ingasrinnismewriauesinnauiioninus 6 Sanatuitenwanslu
JUN 2.3 Ineliseavidennall

1.

ﬂf’ﬁj’lmﬁa Anterior Belly of the Digastric (O’ Dwyer et al. 1981)
(Fosdayayoud 1) L‘ﬂuﬁﬂﬂéj’mL‘ﬁaﬁ@@jU%L’Jmiﬁﬂ’NLﬂ?%ﬁULLéﬂlﬂLLﬂﬁm%ﬂ
(Digastrics fossa) ﬁmaué’mdwwaammﬂﬂsdwLLazﬂiz@ﬂ"Laaaaé IR
T#lun1sindidningn azegsirannidunvsisnasdrdidusseznie 5
ﬁaﬁmm wazvinanAaduszeznig 10 faaluns

: ﬂmm‘ua Zygomatlcus major (Lapatkl et al. 2003, O’ Dwyer et al. 1981)

(@osdyynil 2 Dudendudefieguinauduisaestrauniziunszgn
IunuAy (Zygomatic arch) wagyuuin mwmﬂi’ﬂumsmmamﬂimm Y
wiloyuunn 15 TadlunsuuduauyAniansiussinuaznsegnlunuiy

nauile Levator anguli oris (Denewer et al. 2011) (Fosdayauoud 3) 1y
nduiloftoguinuduuuresn ineAuussituden (Canine fossa) 163ld
1o (infraorbital foramen) waggaun suvisiildlunisindidninsnay
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oguuduaNyATA fusEIduianuuuiUEuAInasE LT 3
uaztdufiansug Ly
) ﬂf’ﬂ”lmﬁa Mentalis (Lapatki et al. 2003, O’ Dwyer et al. 1981)
(Yodnyeyreul 4) Lﬂuﬂmﬂé'mLﬁaﬁagjswdwmﬂdwﬁumﬂ LNNZAULDINGY
iludn (Incisive fossa) wazRa09AR Aunlslunsindianinsnazegmile
F11EN9 (Tubercle) 5 TaAlnsvidouuduaunAnananUatsnsludeitudd
2 AUAN
: ﬂéj']ﬁJLﬁI@ Depressor anguli oris (Lapatki et al. 2003, O’ Dwyer et al.
1981) (Fosdyanaid 5) WufanduidouTanmuuinguas inefugan
wazansslnsans sumidunsindidninsnazegvinenniduan Afannsiiu
yunvuufuduntsnanddiduszes 8 Tedmmsuinannaiesning
yuUInNAueINgsingang
. n&aile Myolohyoid (07 Dwyer et al. 1981 ) (dosdayaait 6) Husln
ndnnilouznaldens ingiuansslnsduagnssgnlesosd dumidunis
Andidntnsnazegvinsaniduntanansdduduszes 10 Taduns Fegi
yilsszmrinsveuangsinsansduanaiunszenlesess

JUT 2.3 dunuslunisindidnings
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fewagyhnsindidninsnuuinniesenatasins enanadasaglddarnidu
nan 1 wilite Wunsreunanenduiiiouazariinsianufiuiusnaderindidningm
dieaneuduiiennasiniuain e du wadhawisiinng (Dus Mndua Indyna
yreraainsihAanTsusine vavua 14 Anssufavadu 2 nguldud ﬁﬁmﬁmﬁlﬁmﬁ’u
Msuandeensdnth uazAanssudifinnaniedesiumsyasananduned 2.2.1

ﬂﬁ]ﬂiimﬂiﬂUﬂﬁﬁﬂH’vaﬂiUﬂ’ﬁﬂﬂLﬁ@ﬂﬁﬂllﬂ’]i&lﬂ‘lj’m@ﬂ’]iwm Imsmﬂiiu
ldlunisuanamadnthdulsun msdan msviiung 138X NMTUAUALASI uATNNSENAY
ﬁuumﬁﬂ‘w 2.4 Lﬂuﬂ%ﬂiim%%’mL‘WiJUiuﬁﬂ/]ﬁﬂTWLLau‘Ui‘U‘UNﬂ’]imﬁ@ul%’ﬂ%ﬂua’l&nu@ﬂﬂ6]‘1/]
LﬂEJTUENﬂUmi‘W@ ¥ Suflunn vinssalng waviudees mamﬂ‘mmﬂwmmmmaauim
9787 maanimmu ﬁ]ﬂuﬁ’mh\mﬂﬁnEJLLmGUﬂ’ﬁWﬂI‘MWENGUU Imwmwmwwmmmm
Aedumsyalagnislisenides (Non-speech oral motor treatments) finnsthanldlunns
ﬂ’mmgﬂuwmamﬁaﬂmLLazmif{’fmvhsumai’mwmﬂﬁLﬁlm%’aﬁumimm dmSumsinue
senides uenaninistitasnandilatimaiuldlunmstannaruuduse wseieh uay
szprn1aadeulin (Range of motion) wesiandnuiilarieg dalidnulunmsusudgaint
vosoawinen Iiun 3utlunn vinsslng wardu saiaildandunsimumiiduasnisaauny
ndunile (Ruscello et al. 2008) ludruvesdnillilunisianssuieatunsnaasdaniu
nannseendesnunisitedvazluniseenidess laun nsesndedaenisldsuiuinuunas
614 (Bilabial) (Lopes et al. 2010) Tun1ssauiueenides launA1dn “un” “84” uaz “y” Ao
mMseenidsandayruz u 1 tuled miaaﬂL?mimmﬂﬁ?ﬂmaguﬁ’uﬂmL‘vﬁaﬂ (Tip-alveolar)
(Lopes et al. 2010) Tunmssauniueenides lawaman “un” “4” uag “y” ABNITORNLAEN
wéyvuz U vy Tues uay zn1seendednenisldlauduiumaiugeu (Velar) (Lopes et al.
2010) 1umssmﬂuaamam oA A3 “An” “A”7 wag “a” ﬁfuﬂamﬁaamamwwwy
Ae tules agutuldinlunnidsmdyruzduioonideseddfidease “0n” “8” uay “9” Tu
nsuanfudemdyrusduiicoondes Immﬁmaizé’mdnLﬁuﬁﬁsﬂﬁﬁumiﬁﬂﬂﬂﬁmmmm
Josnidudngeuendssasslunisdin Bu uazguiauiiuin Sanndtasannsnoonides
asgdnanliidesassdufavanunsarvilituies lun1sindeyanvedasnguazwansneiu
nanafenanssuNITHANIEENNNENT ananadnszyiindsliiduna 4 Jundinen 2 Junil
yhiusiazianssy 6 afe dunrindygyinesiansaniatumsyrenanaiasazyaluris
2 Jufiuagvign 2 Fud vdranssuay 6 aSudutu esedyaalingwidedu
foyeU LU %aﬁmmLmﬂ@mﬁ’ﬂumﬁmLwiazﬁ%gw%al,wiazqma
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[

M7 2.1 AanTTur1ee sy indaralviindnuile

nanssu fanssu
ARgaRuNIUEnEaNNIIENT fRgafunITHe
91U7N PONLHEY “U1”
Ung panLde “4”
B RONLAEY “y”
LaUALATS ponidys “un”
snAUTY ponidys “4”

PONLAEY “yY”

=
DRNLHYY

anLEgY

aNLAYY “A”
f
U

(n) () (A) () ()
JUN 2.4 fanssumnefiunisuansesnnisd@nin (n) Mso1in (v) Mviding (a) A5
(1) NIUAUAUASY (3) NsBNAY

Fathussiinnsusdsialad (Normalization) (Ekstrom et al. 2005, Rouffet et al. 2008, Vera
et al. 2010) ileflavannsalisuiivudoyavesusazynnals Tneisnsuediialaddyny
wusznaulufevans™s witsiiduiiteunanaiinde mstadinmavedigeanveand il
uiazitn deuialfiduddvdaesinnduniourasin viimeildlunsnaiigegavoss
azdinnduidleftentaimiloundossiuiueg fudnunsuaziumivesinnd e Tavin
ndundlelunisfnuluadstasdivimneiivhliuiasnduniovnfgeandmnned 2.2 uasgud
25
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M1391 2.2 imalumsvadiganvesudazdinnaaiile (O’ Dwyer et al. 1981)

fangile N9
Anterior belly of the digastrics Srnduussuiinng
Zygomaticus major Bunins videwszning
Levator anguli oris 'E;J’m”m
Mentalis Vausilunnansuaiseunng
Depressor anguli oris AUUINAIA U
Mylohyoid Frundunsudiang

2.5 mMsuFuusedyeye

ELumii'mé’zgmﬂma]zﬁmiﬂ%’uﬂwﬁﬁy@ﬂmﬁaumaﬂizmamaﬁﬁymwm%a
annsasutlaidunisuiuussdygralasasanis  waznisusulsedyaalaevenduas
dmsumsuiuussdanadaeeninuierlisninsduiegisegfinimd 1024 Hz (Hamedi
et al. 2011b, Jou et al. 2007, Wand et al. 2009, Wand et al. 2011 ) Lﬁawﬁmgmmi
ﬁmﬁauﬁuaqé’ﬁgmmiumiejmﬁaasmﬁnﬂé’zyzyﬂmau 1y dnI1dusI9819AITUAININNTIHBS
Wiwestsmuivesdygailninduiiogaedeoglutag 0-500 Hz - Fedushsnisdu
feehsdnyaaanitannsaldlife 1000 Hz (Stepp 2012) wiillosnndadrfinvesgunsal
Adlunsuariufindygafisnsnisdusediazdosdaniu 2" ddunsdusiosly
nsAnuisadentd 1024 Hz Wues dausasvensiien 19.5 1 CMRR wihfu 100 dB anu
ANEAINNTVRIRUN T uaﬂmﬂf:é]’qﬁmiﬂiaaé’mmmimaué’wﬁammﬁm@mﬁdwmmﬁ
WulaeianudfarusEing 20 — 450 Hz (Hamedi et al. 2011a, Hamedi et al. 2011b,
Jou et al. 2009, Yunbin et al. 2009) Lﬁaaﬂé’mummwﬂauﬁLﬁﬂmﬂmsm%ulmmamalW
wsedLantnIa (Motion artifact) %aﬁaqﬁﬂizﬂaummﬁa&ﬂw&aq 0-20 Hz (Stepp 2012) Uay
éi’igﬁmzuiumumﬂaqﬁﬂizﬂaUﬂaﬂuﬁqﬁqLﬁuaqﬁﬂimaummﬁﬁiﬁm'uuaz"biaﬁ’%ﬂuﬁm%’u
ns s idyaaliing e dmiunisusulsduanalasgenduisasinausludiu
Y0IMTIATIwveyalududnly
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(0 () (@)
sUN 2.5 vimalumsvaiigegavesusazdanaruilenutedyain (n) uag (1) 10Ny
WSIRUTIANY (V) Wag (A) Bundna (1) Uausuiunaeaieguana (2) Asyuuinasnuans

2.6 MIUATIYITYA

failenanlinddneduisafunisuuusedng i Tuduilaznanianis
Ysulsadganadaegenduisuaznsieneidyyia Inen1susuliedyaamesenduas
%L‘f]umiﬂ%’wqqé’zytyﬂmﬁﬂﬂ%qLﬁaﬁ%L“f]umiﬁugulé”jwé’ﬁytyﬂmiumuléfgﬂﬂimmﬂ
Funaiidenisuds Inenslidinsesdyindnmesiiss (Boostani et al. 2003, De et al.
2010, Mello et al. 2007) oownes 5 Inedanuddnsiwegfl 20 - 450 Hz uazfinsudulge

9 =

di [ < A A Y 1
AEUUNULUBDIINNNTTLADUYBIFYYIUNTELUEANTIAIN O VL‘IJL‘U‘L!FTT@‘L! E‘IJ‘VI 2.6 LAAIRNIDYNNT

nsesdaaandeldduaniinunisnseniufideusosuds dyeyrnusananiazgnane1eua
Pranilazensiulaidygias (Window) Fslunmslinszidygausazsunuuaziivunnues
yadoyafiseiu duuisdinaudsusunnndeslunannifiedonvunvesgadeyad
AUALNZEY (Doswald 2013) %x‘iﬂﬁﬁﬂ‘lﬂﬂﬂﬂ%\‘lﬁlﬂxﬁmil,ﬂalEJHLL‘IJ@WUWWU@Q“Q@%@%Jﬁmﬂ
32 - 256 U9l (Smith et al. 2011, Thongpanja et al. 2013) lngvuInToyafINa1IL
gnihanldlunsafndnuasidu (Feature  extraction) vesdoyalnednuusisuildly
nsinwdudnuasruludaaan (Time-domain feature) $1uau 18 nwauy 9ntuasd]
nsfadendnuueiidainumuizay lneldisanduiusdmiunisidondnuusieiu
(Correlation-based feature selection) (Hall 1999, Landwehr et al. 2005) iioanifves
foyalunmsuunissnnuesdoyaesnavmnzay fadoriunszuiunisiiasiililddnuasy
wugoss easadunnnesvesdnumeisu (Feature vector) Uovic et al. 2012, Lopes et

al. 2010) lngnnwesvesinuuiAuIvaglugULuLTasEuN1TH (2.1)
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(2.1)

lngnnesvesdnuaznulzgnadludnduundssnn (Classifier) WierinssuunAanssy
$119°) FasnsuunUsziandivhnsanuluadiivszneulumeisuuniomn 5 §aldun
lassdnauseamiiiau (Neural network) (Hamedi et al. 2013, Subasi et al. 2006, Tsuji et
al. 2000) FeagfinaiUAsunUatnmudnunzene Wy Suaulnuavesdudou (Hidden layer)
dielilasseuszamiienvhauduanuannse fulinisdnaule uie Jas (Decision tree
Ja8) (Jovic et al. 2012, Lopess et al. 2010) auliinssndulaluinaladafn (Logistic
model tree) (Landwehr et al. 2005) nsifiunisiaszinisannesladanin (Logitboost)
(Kotsiantis et al. 2005) wagladamn (Logistic) (Alkan et al. 2005, Dreiseitl et al. 2002)
dosmnlunsnuaded Mmsmunussamuuuiifaou (Supervised leaming) 3asipafinag
wistoyasenifu 2 nquiengudeyailidmiunsaou (Training set) uaznguioyadly
dmsunsnadeu (Testing set) iialdliiAn

original signal
100 T

60 B

4of .

amplitude

-60| 4

_800 260 4(50 6(50 8(50 10bO 1200
sample
signal after filtering
100 ©
80 -
60 -
40+ W ﬂ i
E 20‘” ” *y ' ‘ b 1\ op
= \n | “ u ' J
EIN Uik y I m w' i Jw bt ey
20 | 4
. ‘ |
_60|- v |
-80}- ‘ N
_1000 260 4(50 G(r)OI 8(50 10b0 1200
sample
JUN 2.6 dyqyrauiudayayasuniu (FUauu) wasdyaailasu

n3UFUUTe (U
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Japannmsdenyndeyadifuazinglunisasulaznaaeusduunuszian Jeinnsléisns
uisngudeyauuunaniiesmss k ngu (Kfold cross validation) (Jovic et al. 2012) @3
msfnuluadsfaglddium k = 5 (Navarro et al. 2012, Nielsen et al. 2009) S1uIunga
Joyaninanazgnitlunsasusasnagaudiduunyseian lnggaesidudanugnsedly
nsPuunAansIuse niuagiinsuiuussuunUssnndelildarugnifuinndy
IngnsldnisiSeudeyaiuuiuni (Meta) viinaen1ydn (Adaboost: AB) (Jovic et al. 2012,
Lopes et al. 2010) Weoldfduundszianiidanumnzaunds fuuudnanazgnaiisu
TUsunsa LabVIEW 1ileviiniseeniuunisuszgndldaudniunsiinirdanismasiely
ﬂizmumismqﬁlﬁﬂénmﬁ%L’ﬂumﬁmeﬁé‘ﬁg@ﬂmﬁlé’mﬂawmaﬁmﬂfjwﬂa fidenld
foyannenanasinsnguiniiieosain msuszgndldsmaglgaeneemsiianssusieg 1
TndiAssnuund dennlddygruainemainsnguinunifaslinssiuin guszasdlunns
aaﬂqumiﬂigqﬂm“ifﬁmuﬁm%"tm’ﬁ?]ﬂﬂwﬂ’mﬂﬁiﬁqmﬁuLaq dmsudyaaildaneaading
nuRaUnfRvglddmiunnuisuiisufudyyraannguunfiiieAnwannuuaniaves
Synaiifetu uavarldlunimeaouyssaninmuasinduuntssan diogaaugndas
uazAnuianaalunsiundmiunsinAanssuiiiaunfveseraasinsnguiiaund dmsu
msFeuifisudygaildanomaiasnguunifunauinuni agldrsnfiaesosdtade
Mdsaadlunmaiisuiiou esnnludmveansusegndldnuasiinisuanimisimesues
wiazdandunilelifasguieisuiiisunisianssuvesiinndudovemuiieutungy
Aulnd lngAsniiaesvesdnadomdsasnduiiouuasUszavanudiialunsszgndld
NUAUAATNLAZIAINTIHN (Phinyomark et al. 2011) yonaniAsINTidewosARaeids
ansfagmiranldlunisussiiussdunmanasvesinnduideluaulniuasdiifaufinund
AeafuszuuUssamuaznduile (Neuromuscular disorders) (Boe et al. 2008) fatiudie
Hunsuansseiunmanaiesianduieusasiin Fdldasniiaososrindedaesiy
ALUS U ULALLARAIHE

2.7 nsuszenaldau

dwsumsuszgndldnuazusznoufessauszneulaesmsegud 2.7 Tned
dudeureszniradygraliindudedilaannisldsdnTnsnwuuindudueged fo
2asvenedyaa Mulasdygrnewdentuludyarnines warnisesnuuulusunsy
Ao umesdmIumMinU1dansue
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4 § ) ( § )
WATVYEFRY Y0 A Uasdnye o TUsunsu
@ I a ¢ o o
LAZINAINTD . sundenluilu . ABNNADTAINTY
AN AU ufInea nsinUdansne
. J . J . J

SUN 2.7 asdUsznaulaesiudmiumsussendldau
o = =1 v o Aa o
o qwsywdy I lunsinwiasell agltinasveedygianions
eI 1000 winiisagedygralnihnauilelidvuieiilng Auainuiie edliad
TUilumiie Thad uenand 1sasvenedygn Ssusenaulumensasnsesaud Felaanud

o

ARKIUBETENING 20-450 Hz  Liensesesrusznaumudnlisesniseanandyaiali
nanuLile

o o
'
1 [ 1

ATItlY NI USB 6009 Tunisuwdasdyanndedisnsinisgudsy

A

o ulasdygruanewrdenlliludygruninea dusunisdnw
=
Wl

1000gN 1024 F9E 19w

o

lngdudasianagnlilunisidenseseninnasveedyauiuaeuiiames

o TUsunsumuiiges dniseanuuusunuulusunsudinsunisin
thdansyaselusunsy LabVIEW Tnefinisuansandndsvesianssusineg Tigldgudii
muRanssuiiiu Tnssudrsvesmymivisesinsuansandiouifisvesilifuailaann
orenasinsnguund ielvildanmsauuasunginsslumsifanssusnaqlilndifeaiu
AUUNR ﬁ?ﬂﬁﬂ‘fjjﬁﬂgﬂﬁ%LLﬂmﬁﬁ]ﬂiiuguﬁaiﬂ

o L

2.8 nsAaaandasdyyrudiniunuluauian

Wesannnisfnwlupssilvvesdygiavisnun 6 Yasdygralunisin

[

Fyraliilindrude wWeldunisneaeuanudniuresunazdesdyyiu 39dinns

LY}
'

WasuwUasinuresdyginain 6 tesdyauliauts 2 gesdygial lnsunazdiuiu

[

o
2011a) waza1fuestodye 1 lEluLAarIIUIUTOITYYIAULENIAINITINN 2.3 d1msU
MUY YY1 6 5 4 3 LAy 2

tufariinisiSesduldsuadurestesdyiunuannisi (2.2) (Hamedi et al.

(E) - k!(:ik)! (2.2)
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INUIUYDIFY Y1 N9INLIBITRIA Y10
2(15 mjm) 1-2 1-3 1-4 1-5 1-6 2-3 2-4 2-5
2-6 3-4 3-5 3-6 4-5 4-6 5-6
3(20 ﬂfj'm) 1-2-3 | 1-2-4 | 1-2-5 | 1-2-6 | 1-34 | 1-3-5 | 1-3-6 | 1-4-5
1-4-6 | 1-5-6 | 2-3-4 | 2-3-5 | 2-3-6 | 2-4-5 | 2-4-6 | 2-5-6
3-4-5 | 3-4-6 | 3-5-6 | 4-5-6
4 (15 naw) 1-2-3-4 1-2-3-5 1-2-3-6 1-2-4-5
1-2-4-6 1-2-5-6 1-3-4-5 1-3-4-6
1-3-5-6 1-4-5-6 2-3-4-5 2-3-4-6
2-3-5-6 2-4-5-6 3-4-5-6
5(6 ﬂfj'm) 1-2-3-4-5 1-2-3-4-6 1-2-3-5-6 1-2-4-5-6
1-3-4-5-6 2-3-4-5-6
6 (1 Nax) 1-2-3-4-5-6
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uni 3
NAN1SIY

3.1 nM53ulaidaysyne

TunsAnwifldmiiunsasuslamunvesivlafilemuuaiinzaly
nTATIERd Ry QI mamﬁmwzﬁl,t,amﬁ’qgﬂﬁ 3.1 91ndsuunUseianeneg Fadunns
Sipseflnelddnuaziauis 18 é’ﬂwmsL@iuﬁﬁiuﬂwsﬁﬂmﬁﬁuamﬂsﬁmf@a;miumiﬁmim
Wesidudenugndes mausingindevnaiuladifiuiu audedifudaiugniesas il
dutusuiiluyng fduuntszsan Tasduladvunm 256 Gediuderliaudesifudani
andesgefianlunng Mduundszian fdulunisinuidiadenldvuinvesiuled 256
fad3uni Fsdenndosturwinveiulasmiiuiiteldlunsimseiduanaliiihngaile
(Hamedi et al. 2011a, Hamedi et al. 2013, Mohammad et al. 2011, Smith et al. 2011,
Thongpanja et al. 2013) LQJEJIWSUUWW’JUIW’JVILMNWWGNﬁWMSUﬂﬁﬁﬂﬂaﬂ‘UmuL(ﬂ‘HLLa’J 1ng
St 18 Snuvaiiuae aﬂaﬂﬁﬂumq%aaammmsmmau 108 Ffieadianmes
Snunzrudmivasieludssuuntsann wiilssndunnmesdnuasiiunifaslngfu
musndu feiudadinsfndendnvasmiifianumnzadineasnailudndald

70
60
o

50 MLP
qu == MT
g 20 =48
<
X 20 == G

10 LGB

O T T T 1
32 ms 64 ms 128 ms 256 ms
Window size

U7 3.1 wWedldudrugndeswesiduunusziamsing dmuruieiulaifiinaiu Fes
Tuundszinnusznounie Multilayer perception (MLP), Logistic Model Tree (LMT),
Decision Tree J48 (J48), Logistic (LG), Logit boost (LGB)
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3.2 NMIAALADNANBAULLAU

dosnndnvasiduiiswadunsinviluadeiisivuun Tnelundaz
PosdgIazUsznoulUumuanuuslAUTIUIY 18 SnwaTlAUTIN 6 Fasdyau wvilnla
Snvaziduioaun 108 Snvasau saiuidlianusifulunsindendnvassuiiiiay
WiNzaud nsunsIEU wazanaudugaulun1TAnLeNAANTINAIN A8ATANAUNUS
dmsunsdendneazsudeasduaiuanduund 1 Aeafunisidendnvasiau Tng
dnvazisuignidendzfudnuassuiifinnumnzalunsinnefanssusieg fansuan
auaunsalunsiuefanssuiie waranududouiuanusiiuresdnvusiauild
nnsidnssuunisianavililddnuasnusinge fumanddunsed 3.1 Faaglddn aan
108 §if anaundeoifios 20 i WunstivansreznanlumsUssuiana anntu 20 dhua
L@iu&fﬂﬂén%gﬂﬁqiﬂé’qéhﬁ‘hLmﬂﬂizLﬂmﬁaaammwmaauéf%‘hLLmﬂizmm Inuisiay
ﬂiaaﬁigzym%ﬂizﬂaué’aUé’ﬂwmwiuﬁﬁgqmﬁauuammﬂmﬁu wudnuaizsuinuluvans
Posdyaalaln Zero crossing (ZC) 97U 4 Yosdeygad muusie Willison amplitude
(WAMP) waw Slope sign change (SSC) Sruiudnuusinuag 3 tosdaain tnednuusnui
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Channel % Accuracy Channel % Accuracy
1-2-3-4-5-6 80.00 1-4-5 68.10
1-2-3-4-5 74.52 1-4-6 71.90
1-2-3-4-6 78.93 1-5-6 70.48
1-2-3-5-6 77.38 2-3-4 71.07
1-2-4-5-6 80.36 2-3-5 66.79
1-3-4-5-6 78.45 2-3-6 72.62
2-3-4-5-6 80.24 2-4-5 67.62
1-2-3-4 73.21 2-4-6 76.67
1-2-3-5 72.26 2-5-6 74.29
1-2-3-6 72.50 3-4-5 69.17
1-2-4-5 72.98 3-4-6 74.17
1-2-4-6 77.98 3-5-6 74.05
1-2-5-6 75.48 4-5-6 75.48
1-3-4-5 71.31 1-2 61.31
1-3-4-6 75.00 1-3 61.43
1-3-5-6 74.76 1-4 64.88
1-4-5-6 70.71 1-5 58.33
2-3-4-5 71.07 1-6 59.29
2-3-4-6 76.19 2-3 59.88
2-3-5-6 77.98 2-4 63.93
2-4-5-6 78.69 2-5 58.69
3-4-5-6 77.74 2-6 62.74
1-2-3 68.21 3-4 62.50
1-2-4 68.33 3-5 60.24
1-2-5 66.67 3-6 61.19
1-2-6 68.81 4-5 64.40
1-3-4 70.48 4-6 68.21
1-3-5 65.71 5-6 66.55

1-3-6 72.98
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106,108 : 20
1dasdv
Iwamp
2mav2
2myop
2ssi
2zc
3aac
3iemg
3ssC
3zc
4ssc
4tma
dwamp
5myop
5zc
6aac
6log
6ssC
éwamp

6zcC

Time taken to build model: 2815.76 seconds

=== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances 672 80
Incorrectly Classified Instances 168 20
Kappa statistic 0.7846

Mean absolute error 0.0291

Root mean squared error 0.1667
Relative absolute error 21.9231 %

Root relative squared error 64.7398 %

Total Number of Instances 840

(123456) Selected attributes: 2,16,25,26,29,36,37,39,46,54,64,67,70,80,90,91,94,100,

%
%
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=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure ROC Area Class
0933 0.003 0966 0933 0.949 0.976 openmouth
0.967  0.004 0.951 0967 0.959 1 pucker
0.983 0.001 0983 0983 0.983 1 smile
0.917  0.009 0.887 0917 0.902 0.991 straighttongue
0.933  0.004 0949 0933 0.941 0.997 uptongue
0.8 0.021 0.75 0.8 0.774 0979 ma
0.8 0.023 0.727 0.8 0.762 0979 mee
0.7 0.019 0.737 0.7 0.718 0.955 muu
0533 0.028 0593 0533 0.561 093 na
0.683  0.026 0.672 0.683 0.678 097 nee
0.7 0.024 0.689 0.7 0.694 0.956 nuu
0.733 0.022 0721 0.733  0.727 0.965 ka
0.75 0.012 0.833 0.75 0.789 0.964  kee
0.767  0.021 0.742 0.767 0.754 097  kuu

Weighted Avg. 0.8 0.015 0.8 0.8 0.799 0.974

=== Confusion Matrix ===

abcdefghijklmn <-classified as
5004000000000 0] a=openmouth
058 00100000100 0| b=pucker
005 0100000000 O0]| c=smile
2005511000000 0 1| d-= straighttongue
0112500000000 0| e=uptongue
0000048 50310300]|f=ma
00000348 2220030]| g=mee
020000242008 00 6| h=muu
0000072032521110|i=na
000000404410 35 3| j=nee
000100081242 00 6| k=nuu
0000041082144 0 0] L=ka
0000004047 0045 0| m=kee
00000105017 0046| n=kuu
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(1234) Selected attributes: 1,2,10,16,25,26,28,29,36,37,39,44,46,54,62,64,67,70,72 : 19

laac
1dasdv
1ssc
Iwamp
2mav2
2myop
2ssc
2sSi
2zc
3aac
3iemg
3myop
3ssc
3zc
dmyop
dssc
dtm4
dwamp
dzc
Time taken to build model: 2379.9 seconds

=== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances 615
Incorrectly Classified Instances 225

Kappa statistic 0.7115

Mean absolute error 0.0376
Root mean squared error 0.1862
Relative absolute error 28.3773 %
Root relative squared error 72.2825 %
Coverage of cases (0.95 level) 78.2143 %

Mean rel. region size (0.95 level) 8.0697 %
Total Number of Instances 840

73.2143 %
26.7857 %



=== Confusion Matrix ===

abcdefeghijkl mn <-classified as
5800110000000 0 0] a=openmouth
0550050000000 0 0| b=pucker
0058 01000010000 c=smie
40049 030100120 0| d-=straighttongue
025152 00000000 0| e=uptongue
0000050 40310200|f=ma
00000444 104024 1| g=mee
000100239 111201 3| h=muu
0000051131120901|i=na
000001411030 355 1| j=nee
0002000110033 2012] k=nuu
0000050184434 1 3| Ll=ka
00000050450 143 2| m=kee
00010008109 2039| n-=kuu

(1235) Selected attributes: 1,2,10,16,25,26,29,36,37,39,46,54,62,70,72 :

laac
1dasdv
1ssc
Iwamp
2mav2
2myop
2ssi
2zc
3aac
3iemg
3ssc
3zc
5myop
Swamp
5zc

Time taken to build model: 2735.93 seconds

15
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=== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances

Incorrectly Classified Instances

Kappa statistic

Mean absolute error

Root mean squared error
Relative absolute error
Root relative squared error
Total Number of Instances

=== Confusion Matrix ===

607 72.2619 %

233 27.7381 %
0.7013
0.0396
0.1916

29.8357 %

74.415 %

840

n <-- classified as

0 0] a = openmouth

0 0] b= pucker

1 0] c=smile

2 1] d = straighttongue
0 0] e = uptongue

abcdefeghijklm

56 00400000000
0570020000010

0058 100000000
3004510010115
0122550000000
00000401006 10300 f=ma
000001038 13501 11| ¢g=mee
000010130111 1011] h=muu
0000012013 80410]|i=na
0000025082835 6 3| j=nee
000100090236 129| k=nuu
0000032173140 2 1| Ll=ka
00000120280 145 1| m=kee
0001

(1236) Selected attributes: 2,10,16,26,29,36,39,44,46,54,58,64,70,72 :

1dasdv
1ssc
Iwamp
2myop
2ssi
2zc

3iemg

02071141241 n=kuu

14
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3myop
3ssc
3zc
6log
6ssC
6wamp
6zC
Time taken to build model: 2784.64 seconds

=== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances 609 72.5
Incorrectly Classified Instances 231 27.5
Kappa statistic 0.7038

Mean absolute error 0.0393

Root mean squared error 0.1926

Relative absolute error 29.633 %

Root relative squared error 74.7715 %
Coverage of cases (0.95 level) 75.8333 %

Mean rel. region size (0.95 level) 7.8827 %

Total Number of Instances 840

=== Confusion Matrix ===
abcdefghijkl n <- classified as
550032000000
054 00500000100 0| b=pucker
005 10000000 0 0] c=smile
20053010110
215500000000 0| e=uptongue
003110181 0513|f=ma
0839 1153030]|] ¢g=mee
0013820900 9| h=muu
0820269 1102 2| i=na
0051639005 2| j=nee
1012134510 6] k=nuu
010 0 0 6 3 037 3 1| l=ka

101312100041 1| m=kee

- O O © 3

O O O O O O O O =

O O O O O O O O =

O O O O O o o o
S O N O — O

0 0] a = openmouth

80

%
%

0 1] d = straighttongue



000001182050 340| n=kuu

(1246) Selected attributes: 2,16,25,26,28,36,44,46,52,54,58,64,70,72 : 14

1dasdv
Iwamp
2mav2
2myop
2ssC
2zc
dmyop
4ssc
dwamp
4zc
6log
6ssC
6wamp
6zC
Time taken to build model: 2533.34 seconds

=== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances 655 779762 %
Incorrectly Classified Instances 185 22.0238 %
Kappa statistic 0.7628

Mean absolute error 0.0317

Root mean squared error 0.1733

Relative absolute error 23.9198 %

Root relative squared error 67.2723 %

Total Number of Instances 840

=== Confusion Matrix ===

abcdefghijkl mn <-classified as

56 003100000000 0] a=openmouth
058 00200000000 0| b=pucker
0059 00000000010 c=smie
2005 110001100 0| d-=straighttongue
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021453 00000000 0| e=uptongue
0000046 41232200]|f=ma
00000639 4342020]| g=mee
1000011423 16005| h=muu
000003423 73410|i=na
00000132637 3233|j=nee
000011271139404| k=nuu
0000030042444 0 3| l=ka
00000111161049 0| m=kee
00000112117 2243| n=kuu

(1346) Selected attributes: 2,16,19,21,26,28,36,46,49,52,54,58,64,70,72 : 15

1dasdv
Iwamp
3aac
3iemg
3myop
3ssc
3zc
fdssc
dtmd
dwamp
dzc
6log
6ssC
6wamp
6zC
Time taken to build model: 3196.2 seconds

=== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances 630 75
Incorrectly Classified Instances 210 25
Kappa statistic 0.7308

Mean absolute error 0.0358

%
%
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Root mean squared error

Relative absolute error

Root relative squared error

Coverage of cases (0.95 level)

Mean rel. region size (0.95 level)

Total Number of Instances

=== Confusion Matrix ===

abcdefghijklmn
5004100000000
057 20000000100
0154 0300100001
10056 100000010
02415300000000
00000426040070
00200444 204102
000001240034 13
00000322344 1131
00000244434 118
00020009 223701
0000060062043 1
00000051361 140
0

(1356) Selected attributes: 2,16,21,26,28,36,44,52,54,58,64,70,72 :

0.1836

26.9552 %

71.2938 %
77.9762 %
7.7976 %
840

<-- classified as
0| a = openmouth
0| b = pucker
0] c=smile
1| d = straighttongue
0| e = uptongue
1| f=ma
1| ¢=mee
6| h=muu
O] i=na
2| j=nee
7] k=nuu
2] l=ka

3] m = kee

00000 0510715 41| n=kuu

1dasdv

Iwamp

3iemg

3myop

3ssc

3zc

5myop

5wamp

5zc

6log

65ssC

13
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6wamp
6zc
Time taken to build model: 2224 seconds

=== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances 628 74.7619 %
Incorrectly Classified Instances 212 25.2381 %
Kappa statistic 0.7282

Mean absolute error 0.0366

Root mean squared error 0.1853

Relative absolute error 27.5774 %

Root relative squared error 71.9454 %

Total Number of Instances 840

=== Confusion Matrix ===

abcdefeghijklmn <-classified as
5700300000000 O0 0] a=openmouth
0571 0100000100 0| b=pucker
0155 03000000010 c=smie
20050 311010010 1| d-=straighttongue
0132501000000 0| e=uptongue
000003761 900700]| f=ma
00200438 2170024| g=mee
000100242205 00 8| h=muu
00000120030 6 1100 1] i=na
0000005144000 6 4| j=nee
000101150144 21 4| k=nuu
0000061072141 11| Ll=ka
000002201101 043 1| m =kee
00010215107 2041| n=kuu

(2346) Selected attributes: 8,11,18,21,28,36,46,52,58,64,70,72 :

2myop

25sSi

12
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2zc
3iemg
3ssc
3zc
fdssc
dwamp
6log
65SC
6wamp
6zC
Time taken to build model: 2563.77 seconds

== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances 640 76.1905 %
Incorrectly Classified Instances 200 23.8095 %
Kappa statistic 0.7436

Mean absolute error 0.0339

Root mean squared error 0.1786

Relative absolute error 25.5357 %

Root relative squared error 69.351 %

Coverage of cases (0.95 level) 79.5238 %
Mean rel. region size (0.95 level) 7.7296 %

Total Number of Instances 840

=== Confusion Matrix ===

abcdefeghijklmn <-classified as
5005100000000 0] a=openmouth
054 00600000000 0| b=pucker
00600000000000O0O0]| c=smile
200522100010 20 0| d-=straighttongue
0201570000000 O0 0| e=uptongue
000004452320301|f=ma
000225370242 150]| ¢g=mee
000010140107 109]|h=muu
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0001020035100101 1] i=na
00010030641 115 2] j=nee
000000080542 00 5| k=nuu
0000050092040 13| l=ka
00010032290042 1| m=kee
000002032172 142| n=kuu

(2356) Selected attributes: 8,11,18,21,28,34,36,44,52,54,55,58,64,70,72 :

2myop
2sSi
2zc
3iemg
3ssc
3wamp
3zc
5myop
Swamp
5zc
6aac
6log
6ssC
6wamp
6zC
Time taken to build model: 2560.34 seconds

=== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances 655 779762 %
Incorrectly Classified Instances 185 22.0238 %
Kappa statistic 0.7628

Mean absolute error 0.0312

Root mean squared error 0.1726

Relative absolute error 23.5348 %

Root relative squared error 67.0027 %

Total Number of Instances 840

15
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=== Confusion Matrix ===

abcdefeghijkl mn <-classified as
5700300000000 0 0] a=openmouth
058 00100000100 0| b=pucker
00600000000000O0O0]| c=smile
4005210000001 10| d-=straighttongue
0113500000000 0| e=uptongue
000003 6111 10500 f=ma
001006401031 16 1| g=mee
00010014 114006 h=muu
000009203 51810|i=na
0000002044402 6 2| j=nee
00000014025 111 k=nuu
0001050010203 12| Ll=ka
00010141190042 1| m=kee
0000010100241 141| n=kuu
(1245) Selected attributes: 1,2,10,16,25,26,28,29,36,46,49,52,54,62,70,72 :

laac

1dasdv

1ssc

Iwamp

2mav2

2myop

2ssC

2ssi

2zc

fdssc

dtm4

dwamp

dzc

5myop

Swamp

b5zc

16
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Time taken to build model: 2241.06 seconds

== Stratified cross-validation ===
== S

ummary ===

Correctly Classified Instances 613 729762 %
Incorrectly Classified Instances 227 27.0238 %
Kappa statistic 0.709

Mean absolute error 0.0385

Root mean squared error 0.1867

Relative absolute error 28.9909 %

Root relative squared error 72.5132 %

Total Number of Instances 840

=== Confusion Matrix ===

abcdefghij
56 004000
056 00400
00600000

W

0

O O O O O O O o o o
O O O O O O O o o N
O O O O O O o o o
O O O — O O O o

O O O O O O =

O = N O O W

O W = O A~

(1256) Selected attributes: 2,16,26,28,29,36,44,52,54,58,64,70,72 :

0
0
0
00502100
1
0
3

135200
0043 9

342

2

133

= W O - O O O

1

~N N O O O O O x
O O = O O O O o —

2

O N~ —» O O O 3

1

n <-- classified as

0 0] a = openmouth

0 0] b= pucker

0 0] c=smile

0 2| d = straighttongue
0 0] e = uptongue
00| f=ma

4 0] ¢=mee

010] h=muu

1132120101 0] i=na

37332470]| j=nee
6 0137 2013| k=nuu
18223 17| |l=ka

1571438 0] m=kee
50082045| n=kuu

1dasdv
Iwamp
2myop

2ssC

13
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2ssi
2zc
5myop
Swamp
5zc
6log
6ssc
6wamp

6zc

Time taken to build model: 1097.78 seconds

=== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances 634
Incorrectly Classified Instances 206

Kappa statistic 0.7359

Mean absolute error 0.0353
Root mean squared error 0.1819
Relative absolute error 26.6468 %
Root relative squared error 70.6362 %
Total Number of Instances 840

=== Confusion Matrix ===

75.4762 %
24.5238 %

abcdefeghijkl mn <-classified as
5700300000000 0 0] a=openmouth
057 00200000100 0| b=pucker
0159 0000000000 O0]| c=smile
30047 312001011 1| d-=straighttongue
164900001000 0] e=uptongue
0037 90620501]f=ma
0341204008 2| g=mee

O O O O O O O
O O O O O O W
SO O O O O O

0

0001401 18009] h=muu
0010003263900 i=na
1004073 126 3| j=nee
010071146 10 3| k=nuu
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0000030151346 10| l=ka
000100500100 043 1] m =kee
00000026025 1044| n=kuu

(1345) Selected attributes: 1,2,10,16,19,21,26,28,36,46,49,52,62,70,72 : 15

laac
1dasdv
1ssc
Iwamp
3aac
3iemg
3myop
3ssc
3zc
dssc
dtm4
dwamp
5myop
Swamp
5zc
Time taken to build model: 1240.35 seconds

=== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances 599 71.3095 %
Incorrectly Classified Instances 241 28.6905 %
Kappa statistic 0.691

Mean absolute error 0.0406

Root mean squared error 0.1954

Relative absolute error 30.6312 %

Root relative squared error 75.873 %

Total Number of Instances 840

=== Confusion Matrix ===

abcdefghijklmn <-classified as
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550050000
058001000
015404000

0512100

0
1
q

2

SO O O O O O O O O =

(1456) Selected attributes: 2,16,28,31,34,36,44,52,54,58,64,70,72 :

0

SO O O O O O O oo o N
SO O O O O O O —~ O
O O O W O O o O

OO O O O O O O

415200

0

040 6

0

739
0 240
1 034

S = U1 O O O O O

= O P, O O O O O

6

O O O — O O O

7

SO O O N O O O

0

_ =, O O O == = O

0| a = openmouth
0| b = pucker

0| c=smile

1| d = straighttongue
0| e = uptongue

1| f=ma

1| ¢=mee

9] h=muu

2101 1] i=na

431027 1 4 8 2| j=nee
110 0 132 1 010] k=nuu

114100 143 0| m =kee
1802122 035| n=kuu

1dasdv
Iwamp
dssc
4tmd
dwamp
dzc
5myop
5wamp
5zc
6log
6ssc
6wamp
6zc

5
1
2
41066139 12| l=ka
0
0

Time taken to build model: 1074.2 seconds

=== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances

Incorrectly Classified Instances

594 70.7143 %
246 29.2857 %

13
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Kappa statistic

Mean absolute error

Root mean squared error
Relative absolute error
Root relative squared error
Total Number of Instances

=== Confusion Matrix ===

abcdefghij
580020000
057102000
0049 04120
01512000
2253000
0 037 6 4
04355
0 138
810316

SO O 0 O = = O O
N OO O —m O O O O x

SO O O O O O O O O O VW
SO O O O O O O oo o N
= = O O O O O +~— O

SO O O N O O o o

SO O O O O O =

(2345) Selected attributes: 7,8,11,18,19,21,28,36,46,49,52,64,70,72 :

2mav2
2myop
2sSi
2zc
3aac
3iemg
3ssc
3zc
dssc
4tma

dwamp

_ O O O N O o —

6

O 1o N O O O 3
©® O O O O O O 5

1

0.6846

0.042
0.199

31.6397 %

2

7728 %
840

<-- classified as
0| a = openmouth
0| b = pucker
1| c=smile
0| d = straighttongue
0| e = uptongue
0] f=ma
1| ¢=mee

9] h=muu

211 0 1| i=na

010 2 528 2 29 2] j=nee
006 003 4 012]| k=nuu
600912382 2| Ll=ka

132290042 0| m =kee
1060181 141| n=kuu

14

92



5ssc
Swamp
5zc
Time taken to build model: 323.16 seconds

=== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances 597 71.0714 %
Incorrectly Classified Instances 243 28.9286 %
Kappa statistic 0.6885

Mean absolute error 0.0417

Root mean squared error 0.1981

Relative absolute error 31.4036 %

Root relative squared error 76.9316 %

Total Number of Instances 840

=== Confusion Matrix ===

abcdefeghijklmn <-classified as
5003100000010 0] a=openmouth
057 00300000000 0| b=pucker
0059 00000000010 c=smie
20049 300100130 1| d-=straighttongue
13025 00000000 0] e=uptongue
0000041 72512110]|f=ma
000001041 1130130]| ¢g=mee
000112135011200 7| h=muu
0000021132122 730]|i=na
0002013110252 69 1| j=nee
0001021101033 1011] k=nuu
0001021011 2337 12| Ll=ka
0000014059023 0| m=kee
0000010300151 040]| n=kuu

(2456) Selected attributes: 8,10,11,18,28,31,34,36,44,52,54,55,58,64,70,72 :

2myop

16
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2ssC
25si
2zc
fdssc
dtm4
dwamp
dzc
5myop
5wamp
5zc
6aac
6log
6ssC
6wamp
6zC
Time taken to build model: 1231.06 seconds

=== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances 661 78.6905 %
Incorrectly Classified Instances 179 21.3095 %
Kappa statistic 0.7705

Mean absolute error 0.0304

Root mean squared error 0.1694

Relative absolute error 22.9408 %

Root relative squared error 65.7721 %

Total Number of Instances 840

=== Confusion Matrix ===

abcdefeghijklmn <-classified as
5700300000000 0 0] a=openmouth
058 00200000000 0| b=pucker
00600000000000O0O0]| c=smile
1005331000001 10| d-=straighttongue
0223520000000 10| e=uptongue
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0000046 42510200 f=ma
000003433 160040]| g=mee
000000340206 10 8| h=muu
000105113629 01]|i=na
0000001454004 4 2| j=nee
000001060143 30 6| k=nuu
0001020090342 2 1| l=ka
00010041060048 0| m=kee
000000080250 045| n=kuu

(3456) Selected attributes: 1,3,8,10,18,28,31,34,44,52,54,55,58,64,70,72 :

3aac
3iemg
3myop
3ssc
3zc
fdssc
atmd
dwamp
5myop
5wamp
5zc
6aac
6log
6ssC
6wamp
6zC
Time taken to build model: 1389.41 seconds

=== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances 653 77.7381 %
Incorrectly Classified Instances 187 22.2619 %
Kappa statistic 0.7603

Mean absolute error 0.0319

16
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Root mean squared error

Relative absolute error

Root relative squared error

Total Number of Instances

=== Confusion Matrix ===

96

0.173
24.0681 %
67.1669 %
840

abcdefeghijklmn <-classified as
5700300000000 0 0] a=openmouth
0571 0100000100 0| b=pucker
0156 02000000010 c=smile
1005521000000 10| d-=straighttongue
0041500000000 0| e=uptongue
000004280610300|f=ma
002004422 160120 g=mee
000100149 022014| h=muu
0000010 0029 53103 0] i=na
00000322537 1253]|j=nee
100000080343 00 5| k=nuu
00000210101 1421 2| l=ka
00000030380 145 0| m=kee
00000016016 2044 n=kuu
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Standard deviation

14

12

10

S1

S2

S3 sS4 S5 S6 S7 S8 S9 S10
Normal subjects

=—SD-CH1
=#=SD-CH2
=#=SD-CH3
=>=SD-CH4
=#=SD-CH5

=@®-SD-CH6

JUT 2.1 Anesuuiinsgiuvesonanadasnguuniusas g luusiasdesdya o
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3ssc <= 31.444444

Iwamp <= 43.111111

6aac <= 2.205694: LM 1
6aac > 2.205694

| 3aac <= 5.1035: LM 2

| 3aac > 5.1035

| | 6aac <=4.977641: LM 3
| | 6aac > 4.977641: LM 4
Iwamp > 43.111111: LM 5
3ssc > 31.444444: LM 6

Number of Leaves : 6
Size of the Tree : 11

LM 1:

Class 0 :

-347.04 +
[1dasdv] * 0.26 +
[lwamp] * 0.65 +
[2mav2] * -4.32 +
[2zc] * 0.41 +
[3aac] * 3.71 +
[3ssc] *-0.23 +
[3zc] *-0.1 +
[dssc] * 0.68 +
[Awamp] * -0.01 +
[5myop] * -184.55 +
[5zc] * -0.09 +
[6aac] * 0.93 +
[6log] * -2.02 +
[6wamp] * -0.25 +
[6zc] * -0.44

Class 1:
-553.67 +
[1dasdv] * 1.16 +

100

Iwamp] * -1.88 +
2mav2] * -0.38 +
2zc] *-0.19 +

[

[

[

[

[3iemg] * +
[3ssc] * 0.02 +
[dwamp] * 5.13 +
[5myop] * 849.39 +
[5zc] * -1.97 +
[6aac] * -0.69 +
[6ssc] *-0.84 +
[eBwamp] * 0.1 +
[6zc] * 0.99

Class 2:
-551.86 +
[2myop] * 1450.68 +
[2zc] * 0.07 +
[3aac] *-0.8 +
[3zc] *-0.1 +

[5zc] *-1.18 +

[6log] * -0.79 +
[6ssc] *-0.11 +
[6wamp] * -0.32
Class 3 :

-103.26 +

[ldasdv] * 1.25 +
[lwamp] * 0.23 +
[2myop] * -593.85 +
[2zc] * 0.05 +
[3aac] * 2.22 +
[3iemg] * +
[3ssc] ¥ 0.15 +
[3zc] *-0.21 +
[dssc] * -0.23 +



[

[

[

[

[6aac] * 6.55 +
[6log] * -2.03 +
[6ssc] *-0.32 +
[6wamp] * -0.74 +
[6zc] * -0.06
Class 4 :

-391.13 +

1dasdv] *-0.12 +
Iwamp] *-0.23 +
2mav2] * 0.32 +
2myop] * -6.87 +

[
[
[
[
[
[
[
[
[3zc] *-0.26 +
[
[Awamp] * 0.11 +
[
[
[
[
[
[

Class 5:
-122.71 +
ldasdv] * 0.11 +
Iwamp] * 0.09 +
2mav2] 0.67 +

2ssi] * +

[
(
(
[
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2zc] * -0.01 +

Class 6 :

-118.58 +

1dasdv] * 0.52 +
Iwamp] * -0.04 +
2mav2] * 0.1 +
2myop] * 83.51 +
2ssi] * 0+

33ac] * -2.67 +
3iemg] * 0.01 +
3ssc] *-0.03 +

3zc] *0.02 +



Class 7:
-150.5 +
1dasdv] *-0.05 +
Iwamp] * -0.07 +
2mav2] * -0.77 +
Zmyop] *-1.65 +

2ssi] * +
2zc] *-0.02 +
3aac] * -0.49 +
3iemg] * +

[

[

[

[

[

[

[

[

[3ssc] * 0.06 +
[3zc] * 0.01 +
[dssc] * -0.04 +
[Adwamp] * 0.13 +
[5myop] * 16.51 +
[5zc] *-0.01 +
[6aac] * -1.88 +
[6log] * 0.93 +
[6ssc] *-0.02 +
[6wamp] * 0.33 +
[6zc] * 0.06

Class 8 :

-129.13 +
1dasdv] * 0.26 +
Iwamp] * -0.06 +
Zmyop] -26.51 +
2ssi] * +
2zc] *-0.01 +
3aac] * 1.74 +
3iemg] * -0.01 +
3ssc] *0.06 +
3zc] * +
4ssc] * 0.08 +
Awamp] * 0.03 +

[
[
[
[
[
[
[
[
[
[
[
[5myop] * -61.83 +

[5zc]*0  +
[6aac] * 0.24 +
[6log] * -0.57 +
[6ssc] *-0.01 +
[6wamp] * -0.02 +
[6zc] * -0.05
Class 9 :

-121.25 +

1dasdv] *-0.15 +
Iwamp] * 0.25 +
2mav2] * -0.24 +

Awamp] * -0.09 +
5myop] * -44.89 +

6aac] * 0.58 +
6log] * 0.04 +
6ssc] * 0.06 +
6wamp] *-1.02 +
6zc] *-0.01

Class 10 :

-327.78 +
[ldasdv] * -0.14 +
[lwamp] * -1 +
[2mav2] * 45.89 +
[

[

2myop] *13617.66 +

2ssi] * +
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3zc] * 0.18 +
dssc] * -0.08 +
Adwamp] * -0.01 +

6ssc] *-5.12 +

6wamp] *0  +

6zc] * -0.65

Class 11 :

-95.29 +
1dasdv] *-0.09 +
Iwamp] * +
2mav2] * -0.7 +
Zmyop] -37.47 +
2ssi] * +
2zc] * -0.05 +
3aac] * 2.31 +
3iemg] * -0.01 +
3zc] *-0.11 +

[

[

[

[

[

[

[

[

[3ssc] * 0.01 +
[

[dssc] * 0.05 +
[5myop] * -39.02 +
[5zc] *-0.05 +
[6aac] * 1.89 +
[6log] * -0.84 +
[6ssc] * -0.07 +
[6wamp] * 0.12

Class 12 :

5myop] * -2622.6 +

-128.17 +
1dasdv] * -0.06 +
Iwamp] * 0.16 +
2mav2] * 0.01 +
2myop] 88.65 +
2ssi] * +

2zc] * 0.06 +

[
[
[
[
[
[
[
(3i
[
[3zc] * -0.08 +
[4ssc] * 0.05 +
[dwamp] * 0.1 +
[5zc] * 0.13 +
[6aac] * 0.83 +
[6log] * -2.04 +
[6ssc] * 0.52 +
[ewamp] * -1.19 +
[6zc] * -0.08

Class 13:

416.56 +

[ldasdv] * 1.59 +
[lwamp] *0 +
[2mav2] * -59.45 +
[2myop] -145.4 +
[2ssi] * +
[2zc] * -0.08 +
[3aac] * -1.17 +
[3iemg] * 0.01 +
[3ssc] *-0.14 +
[3zc] * 0.25 +
[dssc] * 0.07 +
[dwamp] * 0.01 +
[
[

5myop] * 1590.89 +

5zc] *-0.11 +
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[6aac] * -181.14 +
[6log] * -56.11 +
[6ssc] * 28.23 +
[6wamp] * -0.3 +
[6zc] * 0.01

LM_2:
Class 0 :

-436.18 +
[1dasdv] * 0.26 +
[lwamp] * 0.65 +
[2mav2] * -4.32 +
[2zc] * 0.41 +
[3aac] * 3.71 +
[3ssc] *-0.23 +
[3zc] *-0.1 +
[dssc] * 0.68 +
[Adwamp] * -0.01 +
[5myop] * -184.55 +
[5zc] *-0.09 +
[6aac] * 0.93 +
[6log] * -2.02 +
[6wamp] * -0.25 +
[6zc] * -0.44

Class 1:

-799.05 +
Iwamp] * -1.88 +
2mav2] * -0.38 +
2zc] *-0.19 +

3iemg] * +
3ssc] * 0.02 +
Awamp] * 5.13 +

[
[
[
[
[
[
[
[5myop] * 48.63 +

[5zc] *-0.8 +
[6aac] * -0.69 +
[6ssc] * -0.84 +
[ewamp] * 0.1 +
[6zc] * 0.99

Class 2 :

2ssi]* 0 +

6log] * -0.79 +
6ssc] *-0.11 +

6wamp] * -0.32

Class 3 :
-31.81 +
ldasdv] * 2.23 +
Iwamp] * 0.23 +

2zc] * 0.06 +

atmd] * 0+
dwamp] * -0.34 +

2myop] * -1057.29 +
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[6wamp] * -1.13 +
[6zc] * -0.06

Class 4 :

-480.27 +
1dasdv] *-0.12 +
Iwamp] * -0.23 +
2mav2] * 0.32 +
Zmyop] -6.87 +

2ssi] * +
3aac] * 0.05 +
3iemg] * +

4ssc] * -0.02 +
Awamp] * 0.11 +

(
[
[
(
(
[
(
(
[3zc] *-0.26 +
[
(
[5myop] * 8.22 +
[
(
[
[
(

5zc] *-0.08 +
6aac] * 1.64 +
6log] * +
6ssc] *-0.26 +
6zc] * -0.1

Class 5 :

243.02 +
1dasdv] * -0.34 +
Iwamp] * 0.1 +

[

[

[2mav2] * 3.79 +
[2myop] *101.31 +
[2ssi] * +
[2zc] * -0.01 +
[3aac] * 1.66 +
[
[
[
[

3iemg] * +
3ssc] * -5.17 +
3zc] * -0.86 +

dssc] * 0.06 +
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[Adwamp] * -1.18 +
[5myop] * -64.82 +
[5zc] * 0.21 +
[6aac] * -0.88 +
[6log] * -0.66 +
[6ssc] * 0.02 +
[6wamp] * 0.45 +
[6zc] * -0.48

Class 6 :

136.28 +

1dasdv] * 0.59 +
Iwamp] *-1.93 +
2mav2] * 0.1 +
2myop] * 97.17 +
2ssi] * 0+

atmd] * 0  +
Awamp] * -0.84 +
5myop] * 444.01 +
5zc] *-0.11 +
6aac] * -1.86 +
6log] * 0.41 +
6wamp] *-0.02 +
6zc] * -0.23

Class 7 :

8.56 +

[1dasdv] * -0.05 +
[lwamp] *-0.11 +
[2mav2] * -0.9 +



6log] * 1.23 +
6wamp] * 0.53 +
6zc] * 0.05

Class 8 :

-111.98 +
1dasdv] * 2.25 +
Iwamp] * -0.06 +
2mav2] * 0.04 +

Zmyop] -181.94 +

2ssi] * +
2zc] * 0.02 +
3aac] * 1.87 +
3iemg] *-0.01 +
3zc] * 05 +
4ssc] * 0.11 +
4tmda] * +

4wamp] 0.04 +
Smyop] -77.31 +
5zc] * +

6aac] * 1.21 +

[
[
[
[
[
[
[
[
[3ssc] * 0.09 +
[
[
[
[
[
[
[
[6log] * -0.57 +

[6ssc] * -0.03 +
[6wamp] * 1.22 +
[6zc] * 0.1

Class 9 :

-31.28 +

1dasdv] * -1.58 +
Iwamp] * 0.27 +
2mav2] *-0.3 +

Zmyop] *126.17 +

[

[

[

[

[2ssi] * +
[2zc] * 0.04 +
[3aac] * 7.51 +
[3iemg] * +
[3ssc] * 1.19 +
[3zc] *-0.12 +
[dssc] *-0.23 +
[4wamp] * 0.05 +
[5myop] * 35.89 +
[5zc] * 0.05 +
[6aac] * -7.32 +
[6log] * 2.42 +
[6ssc] *-1.14 +
[6vvamp] *-1.16 +
[6zc] *

Class 10 :

-85.13 +
1dasdv] * 0.19 +
Iwamp] *-0.13 +
2mav2] * -1.6 +

2ssi] * +
2zc] * 0.02 +
3aac] * 1.55 +

3iemg] * +

[
[
[
[
[
[
[
[

2myop] *117.32 +
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3ssc] * -0.14 +
3zc] *-0.03 +
dssc] * -0.03 +

[

[

[
[Adwamp] * 0.02 +
[Smyop] * 24.38 +
[5zc]* 0+
[6aac] * -3.01 +
[6log] * 0.01 +
[6ssc] * 0.48 +
[6wamp] +
[6zc] *

Class 11 :
-64.6 +
[1dasdv] * -0.35 +
[lwamp] * 0.02 +
[2mav2] * -0.72 +
[Zmyop] *-142.7 +
[2ssi] * +
[2zc] * -0.38 +
[3aac] * 2.51 +
[3iemg] * -0.02 +
[3ssc] * 0.23 +
[3zc] * -0.37 +
[dssc] * 0.07 +
[Awamp] * -0.62 +
[5myop] * -42.18 +
[5zc] *-0.29 +
[6aac] * 4.76 +
[6log] * -0.92 +
[6ssc] *-0.12 +
[6wamp] * 0.02 +
[6zc] * 1.28

Class 12 :
-9.34 +
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1dasdv] * 0.2 +
Iwamp] * 1.67 +
2mav2] * 0.56 +
2myop] 96.87 +
2ssi] * +
2zc] * 0.07 +
3aac] *-17.05 +

[

[

[

[

[

[

[

[3i

[

[3zc] * -0.05 +
[dssc] *-0.26 +
[4tmda] * +
[4vvamp] *1.06 +
[5myop] * -3.21 +
[5zc] * 0.37 +
[6aac] * 0.83 +
[6log] * -2.33 +
[6ssc] * 0.55 +
[ewamp] * -7.32 +
[6zc] * -0.02

Class 13 :

-58.88 +

ldasdv] * -4.4 +
Iwamp] * -0.07 +
2mav2] * 0.13 +
2myop] -327.84 +

[

[

[

[

[2ssi] * +
[2zc] * 0.02 +
[3aac] * -5.51 +
[3iemg] * 0.01 +
[3ssc] *-0.49 +
[3zc] * 0.67 +
[dssc] *-0.02 +
[4tmd] * +
[

4vvamp] *1.97 +



[5myop] * 626.83 +
[5zc] * 0.07 +
[6aac] * 0.04 +
[6log] * 0.09 +
[6ssc] * 0.2 +
[6wamp] * -0.78 +
[6zc] * -0.38

LM 3:

Class 0 :

-620.96 +
[1dasdv] * 0.26 +
[lwamp] * 0.65 +
[2mav2] * -4.32 +
[2zc] * 0.41 +
[3aac] * 3.71 +
[3ssc] * -0.23 +
[3zc] *-0.1 +
[4ssc] * 0.68 +
[Awamp] * -0.01 +
[5myop] * -184.55 +
[5zc] * -0.09 +
[6aac] * 0.93 +
[6log] * -2.02 +
[6wamp] * -0.25 +
[6zc] * -0.44

Class 1:

-983.84 +
Iwamp] * -1.88 +
2mav2] * -0.38 +
2zc] *-0.19 +
3aac] * 0.68 +
3iemg] * +

[
[
[
[
[
[3ssc] * 0.02 +
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[dwamp] * 5.13 +
[5myop] * 48.63 +
[5zc] *-0.8 +
[6aac] -0.69 +
[

[

[

6zc] * 0.99

Class 2 :

2ssi]*0  +

[

[

[

[

[3aac] *-0.45 +
[3zc] *-0.1 +
[5zc] *-1.18 +
[6aac] * 2.4 +
[
[
[

-57.03 +
[ldasdv] * 3.37 +
[lwamp] * 0.23 +
[2myop] * -1633.48 +
[2zc] * 0.07 +
[3aac] * 2.82 +
[3iemg] * +
[3ssc] *0.15 +

[3zc] *-0.41 +
[dssc] * -0.56 +
[4tma] * +
[4vvamp] -0.4 +

[

5myop] * -8.17 +



[5zc] *-0.73 +
[6aac] * 15.03 +
[6log] * -5.48 +
[6ssc] *-0.32 +
[6wamp] * -1.52 +
[6zc] * -0.06

Class 4 :

-665.06 +
1dasdv] *-0.12 +
Iwamp] *-0.23 +
2mav2] * 0.32 +
Zmyop] -6.87 +

2ssi] * +
3aac] * 0.05 +
3iemg] * +

[

[

[

[

[

[

[

[3ssc] * 0.11 +
[3zc] * -0.26 +
[dssc] * -0.02 +
[Awamp] * 0.11 +
[5myop] * 8.22 +
[
[
[
[
[

5zc] *-0.08 +
6aac] * 1.64 +
6log] * +
6ssc] * -0.26 +
6zc] * -0.1
Class 5:
-24.88 +

[1dasdv] * 0.05 +
[lwamp] * -0.5 +
[2mav2] * 0.61 +
[Zmyop] *14.37 +
[2ssi] * +
[2zc] * 0.1 +
[3aac] * 2.49 +
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[3iemg] * +
[3ssc] * 0.08 +
[3zc] * 0.34 +
[dssc] * -0.54 +
[Adwamp] * -0.18 +
[5myop] * -10.64 +
[5zc] *-0.58 +
[6aac] * 3.1 +
[6log] * -0.79 +
[6ssc] * 1.26 +
[6wamp] * 0.53 +
[6zc] * 0.14

Class 6 :

24.56 +
[1dasdv] * 0.72 +
[lwamp] * 0.01 +
[2mav2] * 0.1 +
[Zmyop] *112.53 +
[2ssi] * +
[2zc] * 0.04 +
[3aac] *-3.91 +
[3iemg] * 0.01 +
[3ssc] * -0.06 +
[3zc] * 0.11 +
[dssc] *-0.45 +
[dwamp] *-0.5 +
[bmyop] * 12.47 +
[5zc] *-0.18 +
[6aac] * -2.83 +
[6log] * 1.4 +
[6ssc] * 1.6 +
[éwamp] * -0.89 +
[6zc] * -0.08

Class 7 :



58.19 +

1dasdv] * -0.03 +

Iwamp] *-0.13 +
2mav2] * -2.27 +

Zmyop] -16.22 +

2ssi] * +
2zc] *-0.04 +
3aac] * -0.69 +
3iemg] * +
3zc] *0.01 +
4ssc] *-0.07 +

Awamp] * 0.15 +

[
[
[
[
[
[
[
[
[3ssc] * 0.05 +
[
[
[
[5myop] * 24.73 +
[
[
[
[
[

5zc] * 0.06 +
6aac] * -3.79 +
6log] *-4.91 +
6wamp] * 0.65 +
6zc] * -0.15
Class 8 :

3591 +

[ldasdv] * 0.3 +
[lwamp] * -0.05 +
[2mav2] * 0.95 +
[2myop] -40.74 +
[2ssi] * +

[2zc] * -0.05 +
[3aac] * 2.98 +
[3iemg] * -0.01 +
[3ssc] * 0.49 +
[3zc] * -0.03 +
[dssc] * 0.11 +
[Adwamp] * 0.04 +
[5myop] * -144.46 +
[5zc] *-0.05 +

[6aac] * -3.09 +
[6log] * 2.47 +
[6ssc] * 0.3 +
[6wamp] * -0.1 +
[

Class 9 :
24.47 +
[1dasdv] * 0.07 +
[lwamp] * 0.27 +
[2mav2] * -0.3 +
[Zmyop] -37.98 +
[2ssi] * +
[2zc] * -0.05 +
[3aac] * 0.65 +
[3iemg] *-0.01 +
[3ssc] *0.11 +
[3zc] *-0.2 +
[dssc] ¥ 0.2 +
[Adwamp] * -0.15 +
[5myop] * -72.01 +
[5zc] * 0.05 +
[6aac] * 2.09 +
[6log] * -0.33 +
[6ssc] * 0.65 +
[6wamp] * -1.68 +
[6zc] * 0.07

Class 10 :

6.21 +

[1dasdv] * -0.02 +
[lwamp] *-0.23 +
[2mav2] * -1.81 +
[Zmyop] *126.58 +
[2ssi] * +
[2zc] * 0.03 +
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[3aac] * 2.16 +
[3iemg] * +
[3ssc] * -0.32 +
[3zc] * -0.04 +
[4ssc] *-0.01 +
[Awamp] * 0.04 +
[5myop] * 32.46 +
[5zc] * -0.04 +
[6aac] * -2.21 +
[6log] * 0.64 +
[6ssc] * -0.39 +
[6wamp] * 0.21 +
[6zc] * 0.01

Class 11 :

61.12 +

1dasdv] * -1.43 +
Iwamp] * 0.32 +
2mav2] * 2.19 +
Zmyop] -365.08 +
2ssi] * +
2zc] *-0.07 +
3aac] * 4.17 +
3iemg] * -0.02 +
3ssc] *-0.71 +
3zc] *-0.21 +
4ssc] * 0.35 +
4tmd] * +
4wamp] 0.39 +
5myop] * -42.18 +
5zc] *-0.13 +

6og]*18 +
6ssc] *-0.16 +
6éwamp] * 1.96 +

(
[
(
(
[
(
(
[
[
(
[
(
(
[
(
(
[
(
(
[6zc] * 0.02
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Class 12 :

35.15 +

[ldasdv] * -0.64 +
[lwamp] * 0.29 +
[2mav2] * 0.17 +
[Zmyop] *118.67 +
[2ssi] * +
[2zc] * 0.12 +
[3aac] *-1.51 +
[3iemg] *-0.01 +
[3ssc] * 0.14 +
[3zc] *-0.23 +
[dssc] * 0.35 +
[4wamp] * 0.08 +
[5myop] * -45.81 +
[5zc] * 0.09 +
[6aac] * 1.03 +
[6log] * 0.47 +
[6ssc] * -2.53 +
[6wamp] * 0.78 +
[6zc] * -0.1

Class 13:
-40.81 +

2ssi]*0 4+

3iemg] * 0.01 +
3ssc] *-0.14 +
3zc] * 0.1 +
4ssc] *-0.02 +



[Adwamp] * +
[5myop] * 86.55 +
[5zc] * 0.16 +
[6aac] * 0.2 +
[6log] ¥ 0.2 +
[6ssc] * -0.21 +
[bwamp] * -1 +
[6zc] * 0.01

LM 4:

Class 0 :

-524.39 +
[1dasdv] * 0.26 +
[lwamp] * 0.65 +
[2mav2] * -4.32 +
[2zc] * 0.41 +
[3aac] * 3.71 +
[3ssc] * -0.23 +
[3zc] *-0.1 +
[4ssc] * 0.68 +
[Awamp] * -0.01 +
[5myop] * -184.55 +
[5zc] * -0.09 +
[6aac] * 0.93 +
[6log] * -2.02 +
[6wamp] * -0.25 +
[6zc] * -0.44

Class 1:

-887.27 +
Iwamp] * -1.88 +
2mav2] * -0.38 +
2zc] *-0.19 +
3aac] * 0.68 +
3iemg] * +

[
[
[
[
[
[3ssc] * 0.02 +
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[dwamp] * 5.13 +
[5myop] * 48.63 +
[5zc] *-0.8 +
[6aac] -0.69 +
[

[

[

6zc] * 0.99

Class 2 :

2ssi]*0 4+

Class 3:

122.82 +
1dasdv] * 3.37 +
Iwamp] * 0.23 +
2myop] * -226.27 +
2zc] * 0.07 +
33ac] * 2.82 +
3iemg] * +
3ssc] * 0.52 +
3zc] *-0.46 +
4ssc] * -0.56 +

4vvamp] -0.4 +
5myop] * 151.99 +
5zc] *-0.93 +

[
[
[
[
[
[
[
[
[
[
[
[
[
[6aac] * 15.03 +



[6log] * -5.48 +
[6ssc] * -0.32 +
[6wamp] * -5.32 +
[6zc] * -0.06

Class 4 :

-568.49 +
1dasdv] *-0.12 +
Iwamp] *-0.23 +
2mav2] * 0.32 +
Zmyop] -6.87 +

2ssi] * +
3aac] * 0.05 +
3iemg] * +

[

[

[

[

[

[

[

[3ssc] * 0.11 +
[3zc] * -0.26 +
[4ssc] *-0.02 +
[Adwamp] * 0.11 +
[5myop] * 8.22 +
[
[
[
[
[

5zc] *-0.08 +
6aac] * 1.64 +
6log] * +
6ssc] * -0.26 +
6zc] *-0.1
Class 5:

47.85 +

1dasdv] * 0.23 +
Iwamp] * 0.37 +
2mav2] * 0.76 +

[
[
[
[
[2ssi] *0  +
[
[
[
[

3zc] *-0.01 +
Assc] *-0.12 +
Awamp] *-0.5 +
5myop] * -94.47 +

[
[
[
[
[
[6aac] *-0.3 +
[
[
[
[

Class 6 :
26.77 +
1dasdv] * 0.94 +
Iwamp] *-0.27 +
2mav2] * -0.75 +
2myop] 92.99 +

2ssi] * +
2zc] *-0.03 +
3aac] *-3.91 +
3iemg] * 0.01 +
3ssc] * 0.36 +
3zc] * 0.04 +
4ssc] * -0.34 +

[
[
[
[
[
[
[
[
[
[
[
[dwamp] * 0+
[bmyop] * -27.27 +
[5zc] * -0.09 +
[6aac] * -1.94 +
[6log] * 0.45 +
[bwamp] * 0.26 +
[6zc] * -0.08

Class 7 :

8.8 +

[1dasdv] * -0.05 +
[lwamp] * -0.06 +
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2mav2] * -1.48 +
Zmyop] -69.78 +

2ssi] * +
2zc] *-0.04 +
3aac] *-0.38 +
3iemg] * +

[

[

[

[

[

[

[3ssc] * 0.05 +
[3zc] *-0.13 +
[dssc] * -0.25 +
[Adwamp] * 0.24 +
[5myop] * 140.39 +
[
[
[
[
[

5zc] * 0.03 +
6aac] * -3.79 +
6log] * 1.17 +
6wamp] * 0.83 +
6zc] * 0.04
Class 8 :

15.24 +

[ldasdv] * 0.2 +
[lwamp] * -0.05 +
[2mav2] * 0.13 +
[2myop] * -55.62 +
[2zc] *-0.03 +
[3aac] * 1.77 +
[3iemg] * -0.01 +
[3ssc] * -0.17 +
[3zc] *-0.01 +
[dssc] * 0.16 +
[Awamp] * 0.04 +
[5myop] * -29.34 +
[
[
[
[
[

5zc] * 0.05 +

6aac] * 0.32 +
6log] * -0.52 +
6ssc] * -0.03 +

6wamp] *-0.13 +
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[6zc] * -0.04

Class 9:
95.35 +
1dasdv] *-0.01 +
Iwamp] * -0.53 +

2mav2] *-0.3 +
2myop] -22.31 +
2ssi] * +

2zc] *-0.1 +

[

[

[

[

[

[

[3aac] * 1.06 +
[3iemg] * +
[3ssc] * 0.04 +
[3zc] *-0.12 +
[dssc] * 0.78 +
[Adwamp] * -0.12 +
[5myop] * -55.08 +
[5zc] * -0.42 +
[6aac] * 1.68 +
[6log] * -0.09 +
[6ssc] * 0.09 +
[éwamp] * -4.51 +
[6zc] * 0.01

Class 10 :

17.38 +

1dasdv] * 0.19 +
Iwamp] *-0.18 +
2mav2] *-1.41 +
2myop] *126.58 +
2ssi] * +

[
[
[
[
[
[2zc] *-0.2 +
[
[3i
[
[

3zc] *-0.03 +



[dssc] * 0.29 +
[Adwamp] * 0.02 +
[5myop] * 77.63 +
[5zc] *-0.01 +
[6aac] * -2.95 +
[6log] * -0.02 +
[6ssc] * 0.73 +
[6wamp] -0.76 +
[6zc] *

Class 11 :
74.56 +
[1dasdv] * -1.02 +
[lwamp] * 0.1 +
[2mav2] * -0.61 +
[Zmyop] -54.3 +
[2ssi] * +
[2zc] * -0.02 +
[3aac] * 2.48 +
[3iemg] * -0.02 +
[3ssc] * 0.09 +
[3zc] *-0.17 +
[4ssc] * 0.04 +
[Awamp] * 0.13 +
[5myop] * -48.4 +
[5zc] * -0.06 +
[6aac] * 2.41 +
[6log] * -0.98 +
[6ssc] *-0.16 +
[6wamp] * 0.13 +
[6zc] * -0.04

Class 12 :

108.9 +

[1dasdv] * -0.47 +
[lwamp] * 0.11 +

[2mav2] * 0.06 +
[Zmyop] *101.31 +
[2ssi] * +

[2zc] * 0.03 +
[3aac] *-1.51 +
[3iemg] * -0.01 +
[3ssc] * 0.14 +
[3zc] *-0.17 +
[dssc] * -0.46 +
[dwamp] * 0.25 +
[5myop] * 184.87 +
[5zc] * 0.09 +
[6aac] * 0.49 +
[6log] * -3.59 +
[6ssc] * 0.55 +
[6wamp] * -9.96 +
[6zc] * -0.1

Class 13 :

-39.29 +

1dasdv] *-0.44 +
Iwamp] * 0.28 +
2mav2] * 1.29 +
2myop] *-187.57 +

2ssi] * +
2zc] * 0.01 +
33ac] * -1.66 +
3iemg] * 0.01 +
3ssc] *-0.2 +
3zc] *-0.05 +
4ssc] *-0.02 +

Awamp] *-0.14 +
5myop] * 197.79 +
5zc] * 0.17 +
6aac] * 0.04 +

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[6log] * 0.2 +
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[6ssc] * 0.25 +
[6wamp] * -0.43 +
[6zc] * 0.02

LM _5:

Class 0 :

-174.46 +

[1dasdv] * 0.26 +
[lwamp] * 0.65 +
[2mav2] * -4.32 +
[2myop] * -51268.04 +
[2zc] * 0.51 +
[3aac] * 13.63 +
[3iemg] * 0.01 +
[3ssc] * -0.52 +
[3zc] * -0.57 +
[dssc] * 2.94 +
[Awamp] * -0.01 +
[Smyop] -184.55 +
[5z
[
[
[
[

6aac] * 0.93 +
6log] * -0.86 +
6wamp] * -0.63 +
6zc] * -0.62

Class 1:

-433.9 +
Iwamp] * -1.05 +
2mav2] * -0.38 +
2zc] *-0.05 +

3ssc] * 0.02 +
Awamp] * 2.06 +
5myop] * 48.63 +

[

[

[

[

[3iemg] * +
[

[

[

[5zc] * -0.8 +
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[6aac] * -0.69 +
[6ssc] *-0.84 +
[eBwamp] * 0.1 +
[6zc] * 0.99
Class 2 :

-407.93 +
[2myop] * 1450.68 +
[2zc] * 0.07 +
[3aac] *-0.8 +
[3zc] *-0.1 +

[5zc] *-1.18 +

[6log] * -0.79 +
[6ssc] *-0.11 +
[bwamp] * -0.32
Class 3 :

7.43 +

[1dasdv] * 0.36 +
Iwamp] * 0.23 +
2myop] * 3109.75 +
2ssi] * 0+

6log] *-0.33 +
6ssc] *-0.14 +
6wamp] * 0.89 +
6zc] * 0.07



Class 4 :

-247.2 +

ldasdv] *-0.12 +
Iwamp] *-0.23 +
2mav2] * 0.32 +
2myop] * -6.87 +

[
[
[
(
[
[
[
[
[3zc] *-0.26 +
(
[Adwamp] * 0.11 +
[
(
[
[
(
[

Class 5:

-129.68 +
[ldasdv] * 0.11 +
[lwamp] * 0.08 +
[2mav2] 0.57 +
[2ssi] * +
[2zc] * -0.01 +
[3aac] * 0.96 +
[3|emg] +
[

[3zc] * 0.05 +
[dssc] * -0.01 +
[Adwamp] * -0.2 +
[5myop] * -50.26 +
[5zc] *-0.13 +
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[6log] * -0.31 +
[6ssc] *-0.01 +
[bwamp] * 0.25 +
[6zc] * 0.01

Class 6 :

-118.2 +
1dasdv] * 0.32 +
Iwamp] *-0.02 +

2mav2] * 0.1 +
2myop] * 61.85 +
2zc] * 0.02 +
3aac] * -2.26 +
3iemg] * +
3ssc] *-0.03 +
4ssc] *-0.09 +

4vvamp] -0.15 +

[
[
[
[
[
[
[
[
[3zc] * 0.01 +
[
[
[
[5zc] * -0.08 +
[
[
[
[

6zc] * -0.06

Class 7 :
-178.26 +
[ldasdv] * -0.18 +
[lwamp] * 2.08 +
[2mav2] * 13.73 +
[Zmyop] *184.59 +
[2ssi] * +
[2zc] *-0.31 +
[3aac] * 2.93 +
[3iemg] * 0.01 +
[3ssc] * 12.04 +



[3zc] * +
[dssc] * -0.02 +
[Adwamp] * 0.42 +
[Smyop] *16.51 +
[5zc]* 0 +
[6aac] * -1.45 +
[6log] * 0.86 +
[6wamp] * 0.21 +
[6zc] * 0.06

Class 8 :
-129.41 +
[1dasdv] * 0.19 +
[lwamp] * -0.06 +
[2mav2] * 0  +
[2myop] * -21.46 +
[2zc] * -0.01 +
[3aac] * 1.34 +
[3iemg] *-0.01 +
[3ssc] * 0.04 +
[3zc] *-0.01 +
[dssc] * 0.07 +
[4wamp] * 0.03 +
[Smyop] -48.92 +
[5zc]* 0  +

[6log] * -0.38 +
[6wamp] * 0.01 +
[6zc] * -0.04

Class 9 :
-113.53 +
[1dasdv] * -0.12 +
[lwamp] * 0.16 +
[2mav2] * -0.2 +
[Zmyop] -17.35 +
[

2ssi] * +

2zc] *-0.03 +
3aac] * 0.21 +
3iemg] *0 +
3ssc] * 0.01 +
3zc] *-0.08 +
4ssc] * 0.01 +
dwamp] * -0.07 +
5myop] * -41.51 +

6aac] * 0.06 +
6log] * 0.04 +
6ssc] * 0.06 +
6wamp] *-0.72 +
6zc] * -0.02

Class 10 :
1503.94 +
1dasdv] * 17.21 +
Iwamp] * -0.07 +
2mav2] * -1.17 +

2ssi]* 0 +



Class 11 :

-104.61 +
1dasdv] *-0.03 +
Iwamp] *-0.01 +
2mav2] *-0.7 +
Zmyop] -32.2 +
2ssi] * +
2zc] *-0.04 +
3aac] * 1.86 +

5zc] *-0.05 +
6aac] * 0.97 +
6log] *-0.61 +
6ssc] * +

(
(
(
(
(
(
(
(3i
[3zc] *-0.07 +
(
(
[
(
(
[
(

6wamp] 0.12

Class 12 :
-130.18 +
Iwamp] * 0.08 +
Zmyop] *70.19 +
2ssi] * +
2zc] * 0.05 +
3aac] * -3.35 +
3iemg] * +
3ssc] ¥ 0.23 +
3zc] *-0.07 +
4ssc] * 0.03 +
Awamp] * 0.09 +

5zc] * 0.1 +
6aac] * 0.83 +
6log] * -1.6 +

(
[
(
(
[
(
(
[
(
(
[
(
(
[

6ssc] * 0.44 +
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[6wamp] * -1.05 +
[6zc] * -0.06

Class 13 :

-627.58 +

1dasdv] *-0.39 +
2mav2] *-1.94 +
2myop] -130.47 +

2ssi] * +
2zc] * 0.01 +
3aac] * -0.83 +

[

[

[

[

[

[

(3i

[

[3zc] * -0.08 +
[dssc] * -5.7 +
[dwamp] * -0.64 +
[5myop] * 51.26 +
[5zc] * 1.09 +
[6ssc] * 0.14 +
[6wamp] * 0.54 +
[6zc] * 1.29
LM _é6:

Class 0 :

-665.53 +
[ldasdv] * 0.31 +
[1vvamp] 0.19 +
[2ssi] * +
[2zc] * 0.06 +
[3aac] * 1.03 +
[3iemg] * +
[3ssc] *-1.81 +
[3zc] * 0.04 +
[dssc] * 4.99 +
[Adwamp] * -0.01 +
[5myop] * -194.22 +



5zc] * 0.32 +
baac] * 4.71 +
6log] * -0.97 +

[
[
[
[6ssc] * 1.93 +
[6wamp] * 0.25 +
[6zc] * 2.15

Class 1:

-152.99 +

1dasdv] * 0.15 +
Iwamp] *-0.13 +
2mav2] * -0.74 +
2ssi] * 0+

6log] *-0.7 +

Class 2:

-126.33 +

2mav2] * 0.12 +
Zmyop] * 15275 +
2ssi] * +

2zc] *-0.02 +
3aac] * -5.64 +

[
[
[
[
[
[3zc] * 0.01 +
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dssc]*0  +
Awamp] *0  +
5myop] * 34.4 +
5zc] *-1.18 +
6log] * -0.79 +
6ssc] *-0.11 +
6wamp] * -0.32 +
6zc] * 0.26

Class 3 :
494.83 +
1dasdv] *-0.3 +
Iwamp] * 0.14 +

6aac] * -2.73 +
6log] *-0.46 +
6ssc] *-0.11 +
6wamp] * -0.39 +
6zc] *-1.83

Class 4 :

185.54 +

1dasdv] * -0.24 +
Iwamp] * -0.36 +
2mav2] * 0.32 +
Zmyop] *-14.56 +
2ssi] * +

[
[
[
[
[
[2zc] * 0.16 +



[3aac] *-1.15 +
[3iemg] * +
[3ssc] * 0.2 +
[3zc] * -0.53 +
[4ssc] * 0.48 +
[dwamp] * 0.2 +
[5myop] * -165.97 +
[5zc] * -0.88 +
[6aac] * 2.65 +
[6log] * 0.78 +
[6ssc] * -0.58 +
[6wamp] * 0.04 +
[6zc] * -0.4

Class 5 :

-136.54 +
1dasdv] * 0.11 +
Iwamp] * 0.06 +
2mav2] 0.38 +

2ssi] * +
2zc] *-0.01 +
3aac] * 0.34 +
3iemg] * +
3ssc] *-0.08 +
fAssc] * +

[

[

[

[

[

[

[

[

[3zc] * 0.05 +
[

[4vvamp] -0.15 +
[5myop] * -33.48 +
[5zc] * -0.08 +
[6log] * -0.16 +
[6ssc] * -0.01 +
[6wamp] * 0.16 +
[6zc] * 0.01

Class 6 :

-108.72 +
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[ldasdv] * 0.14 +

[lwamp] *-0.2 +

[2mav2] * 0.1 +

[Zmyop] *-138.94 +

[2ssi] * +

[2zc] * 0.01 +

[3aac] *-0.17 +

[3iemg] * 0.01 +

[3ssc] * -1.77 +

[3zc] * 0.23 +

[dssc] *-1.41 +

[dwamp] *-0.11 +

[5myop] * -15.69 +

[bzc] * 1.2 +

[6aac] * -0.49 +

[6ssc] * 0.28 +

[6wamp] * -0.02 +

[6zc] * 0.63

Class 7 :

-151.29 +
1dasdv] *-0.21 +
Iwamp] *-0.02 +
2mav2] -0.33 +

2ssi] * +
2zc] * -0.02 +
3aac] * -0.07 +

dssc] *-0.01 +

5myop] *16.51 +

5zc] * +
6aac] * -0.69 +
6log] * 0.64 +

[
[
[
[
[
[
[3i
[3ssc] * 0.01 +
[
[
[
[
[
[
[

6wamp] * 0.09 +



[6zc] * 0.06

Class 8 :

-132.08 +
1dasdv] * 0.1 +
Iwamp] * -0.04 +
Zmyop] -11.32 +
2zc] * +

[

[

[

[

[

[3i

[3ssc] * 0.01 +
[3zc] *-0.01 +
[dssc] * 0.05 +
[Adwamp] * 0.02 +
[Smyop] -34.3 +
[5zc] * 0 +
[6log] *-0.23 +
[6zc] * -0.03
Class 9:

-116.11 +
1dasdv] *-0.01 +
Iwamp] * 0.07 +
2mav2] * -0.1 +
2myop] * -17.35 +
2ssi] * 0+

5zc]*0 +
6aac] * -0.03 +
6log] * 0.04 +
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[6ssc] * 0.04 +
[6wamp] * -0.55 +
[6zc] * -0.02

Class 10 :

-137.85 +
1dasdv] *-0.1 +
Iwamp] * -0.07 +
2mav2] -0.74 +

2ssi] * +
3aac] * 0.63 +
3iemg] * +
3ssc] -0.01 +
3zc] * +
4ssc] *-0.01 +

[
[
[
[
[
[
[
[
[
[Adwamp] * -0.01 +
[5myop] * 12.5 +
[6aac] * -2.02 +
[6log] * 0.02 +
[6ssc] * 0.32 +
[6vvamp] -0.03 +
[6zc] *

Class 11 :

-114.95 +
[1dasdv] * 0.04 +
[2mav2] * -0.58 +
[Zmyop] *-12.8 +
[2ssi] * +
[2zc] * -0.04 +
[3aac] * 1.36 +
[3iemg] *-0.01 +
[3zc] *-0.04 +
[dssc] * 0.05 +
[5myop] * -33.12 +
[5zc] * -0.03 +



[6aac] * 0.16 +
[6log] * -0.25 +
[6wamp] * 0.12

Class 12:

-135.6 +
[Zmyop] 49.3 +
[2ssi] * +
[2zc] * 0.04 +
[3aac] *-2.6 +
[3ssc] * 0.11 +
[3zc] *-0.05 +
[Adwamp] * 0.07 +
[5zc] * 0.07 +
[6aac] * 0.73 +
[6log] * -0.88 +
[6ssc] * 0.31 +
[6wamp] * -0.85 +
[6zc] * -0.03

Class 13:
-159.43 +
[1dasdv] * -0.38 +
[2myop] * -84.08 +
[2zc] * 0.01 +
[3aac] *-0.53 +
[3iemg] * +
[3ssc] *-0.01 +
[3zc] * 0.09 +
[Awamp] * 0.01 +
[5myop] * 41.52 +
[5zc] * 0.02 +
[6ssc] * 0.06 +
[6wamp] * -0.1 +
[6zc] * -0.01
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Abstract—The optimal feature is necessary for the reach of
electromyography (EMG) control or human-machine interface.
This study aimed to find the optimal feature of time-domain
features. Five oral muscles movements were performed in five
volunteers. The oral activities were open mouth, protrude mouth,
broad smile, straight tongue, and up tongue which were the parts
of non-speech oral motor treatments. Sixteen time-domain
features were selected to separate five oral muscles movements.
The features were chosen using the RES index and evaluated
using multilayer perception to confirm the results. The optimal
features were different in each channel followed as: slope sign
change feature for channel 2, myopulse percentage rate feature
for channel 3 and channel 5. In addition, the average percentage
of classification was 91.33%.

Keywords—Electromyography; oral motor muscle; time-
domain features; feature extraction; oral movement; RES index

1. INTRODUCTION

Clear and correct speech is important for personal
communication. Presently, there are many people who have
congenital diseases such as degenerative disease, vascular,
traumatic, and muscular diseases, leading to motor speech
disorders [1]. Flaccid dysarthria is a kind of motor speech
disorders which occurs from the damage of lower motor
neuron or neuromuscular junction whereas spastic dysarthria
relates to upper motor neuron [2].

The important organs for speech production are lips, jaw,
and tongue. Therefore, oral motor treatment is used to
improve oral motor for speech production. Non-speech oral
motor treatments (NSOMTs) have been used to improve
motor patterns for producing speech sound [3]. Besides that,
NSOMTs are used 1) to enhance and develop strength of
muscle tone and range of motion (ROM), 2) to adjust the
resting gesture of lips, jaw, and tongue, and 3) to develop
function and controlling of the muscle. The examples of oral
motor exercises for developing the strength of oral motor are
protruding the tongue, puckering and spreading the lips.

Electromyography (EMG) signals mostly use for human
machine interface because it is a noninvasive technique and it
is easy to apply and give the information of muscle activity
[4]. EMG signals are generated from the ion changes of
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muscle, leading to muscle fiber contraction. Facial expression
using EMG signals from facial muscles has been widely used
for the analysis [5,7]. A method used to extract the
information of EMG signals is feature extraction, which
extracts in time-domain, frequency-domain and time-
frequency-domain. The optimal feature is necessary for EMG
analysis and control [8]. Time-domain feature extraction is
selected and used in the field of EMG analysis because it is a
good evaluation of EMG [5]. In addition, it is fast and easy to
implement [9].

Due to a lot of features, a selection method is required to
find the optimal feature. Feature selection has two types which
include measuring the classification rate and using the
statistical criterion [10]. The first one depends on the type of
classification but the second one does not depend on the type
of evaluation [9,10]. However, the optimal feature of oral
muscle movements using EMG signals has not been revealed.

Our study used time-domain features to extract feature
from EMG oral muscle movement. Furthermore, RES index,
which is a feature selection using the statistical criterion
depending on Euclidean distance and standard deviation, was
introduced to select the optimal feature for EMG oral muscle
movements.

1I. MATERIALS AND METHODS

Fig. I shows the flowchart of our proposed method for
oral muscle movement EMG feature selection. Subject
preparation and sSEMG measurement were used to get the raw
EMG signals before signals processing. In our study, signal
processing included 1) EMG filtering which is used to remove
the noise, 2) EMG windowing and segmentation which are
used to distinguish the EMG signals that are the active part, 3)
EMG feature extraction which used to extract the information
from EMG signals, and 4) features selection which is used to
find the optimal feature.

A.  Subject preparation

Five healthy volunteers who had no history about
neurological, motor speech disorders were recruited in this
study. All volunteers were normal sensuousness composed of
auditory system, visual system and able to perform the
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Fig. 1. General block diagram

activities. The ethical document was approved from the
authors® institution of ethics committee in human research and
the volunteers were assented the informed consent before the
experiment. The selected areas were cleaned by alcohol to
wipe any dust or sweat from the skin before placing the
electrodes [6]. At the beginning, the volunteers took a rest for
| minute on the comfortable chair to relax their and muscles.

B. sEMG measurement

The EMG signals were recorded from 6 muscles around
face and neck. They were Anterior Belly of the Digastric (as
channel 1: CHI), Zygomaticus major (as channel 2: CH2),
Levator anguli oris (as channel 3: CH3), Mentalis (as channel
4: CH4), Depressor anguli oris (as channel 5: CHS), and
Mylohyoid (as channel 6: CH6). The positions of electrode for
each channel are shown in Fig. 2. Inter-electrode distance was
chosen 20 mm for bi-polar eclectrode (CH2, CH6). The
reference electrodes for mono-polar clectrodes (CH1, CH3,
CH4 and CHS5) were placed on the ears and the ground
clectrode was placed on the bony part of left wrist. The
positions of the electrodes are:

+ Anterior Belly of the Digastric: this muscle is 10 mm
posterior from the chin to the mandible, between the
mandible and hyoid bone, and 5 mm lateral from the
midline [11].

« Zygomaticus major: this muscle is 15 mm above the
mouth angle and on the imagination line from the
mouth angle to the anterolateral edge of the
zygomatical bone [7,11].

+ Levator anguli oris: this muscle is on the imagination
line from the mouth angle to the canine fossa that
below the infraorbital fossa above the canine tooth
[12].

»  Mentalis: this muscle is 5 mm above the tubercle or on
the imagination line from the chin to the lower lateral
incisor [7,11].
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Fig. 2. Electrodes position

 Depressor anguli oris: this muscle is the hall way
between the mouth angle and the mandible and lateral.
This line 8 mm [7,11].

+ Mylohyoid: this muscle is half way between the
mandible and the hyoid bone and away from midlinel0
mm [11].

Maximum Voluntary Contraction (MVC) of each muscle
was used to refer the muscle activities of each muscle or
volunteer. The gestures that create maximum contraction of
each muscle are shown in the Table 1. EMG signals were
measured while volunteers were doing the activities as
described in the Table I1, using 6 channels Mobi6-6b (TMS
International B.V., Netherlands). The sampling frequency was
1,024 Hz. Each activity was repeated 5 times [5,6]. Fig. 3
illustrates testing oral movement activities.

C.  EMG filtering

The EMG signals from 6 channels were passed a band-
passed filter which cutoff frequency at 20 Hz to remove the
motion artifact and at 450 Hz to remove high noise frequency
and to cover the essential spectrum of EMG signals [5,6].

D.  Windowing and Segmentation

Window size is an important decision in EMG signals
processing because it is sensitive to detect the change of EMG
signals but less reliable to evaluate the amplitude of the
signals if the window size is small. Conversely, if the window
size is large, it is less sensitive to detect the change of EMG
signals. Surface Electromyography for the Noninvasive
Assessment of Muscle (SENIAM) suggests that window size
250-500 ms is suitable for evaluating the amplitude of 50%
MVC [4]. This study performed window size 256 ms to
extract features from each segmental signal [5-6].

E. Feature extraction

Sixieen time-domain features were used because they are
widely used in EMG processing and it gave the optimal results
[13]. They are: 1) Integrated EMG (IEMG), 2) Mean absolute
value (MAV), 3) Modified mean absolute value type 1
(MAV1), 4) Modified mean absolute value type 2 (MAV2), 5)
Simple square integral (SSI), 6) Variance of EMG (VAR), 7)



TABLE L. MVC of each musele [11]

Muscl Gesture
Anterior Belly of the Digastric | Lower jaw against
Zygomaticus major Broad laugh
Mentalis Raising and everting the lower lip while
wrinkling the chin
Depressor anguli oris Depress comers of mouth
Mylohyoid Lower jaw against resi
Levator anguli oris Raising the mouth angle
TABLE I1. Five oral movement activities
Number Gesture Relevant muscle
1 Open mouth An!nriur Belly of Digastric |
7 Protrude mouth
3 Broad smile Z ticus major, Levator li oris
4 Straight tongue | Mylohyoid, Anterior Belly of D‘E!ﬂ
5 Up tongue Mylohyoid, Deprssor anguli oris

Fig. 3. Oral movement activities: (a) rest (b) open mouth (c) pucker (d) broad
smile (e) straight tongue (f) up tongue

Absolute value of the 3™, 4" and Sthe temporal moment
(TM3, TM4, and TMS5 respectively) 8) Root mean square
(RMS) , 9) Log detector (LOG), 10) Waveform length
(WL),11) Average amplitude change (AAC), 12) Difference
absolute standard deviation value (DASDV), 13) Zero
crossing (ZC), 14) Myopulse percentage rate (MYOP), 15)
Willson amplitude (WAMP), and 16) Slope sign change
(SSC) [9]. After the EMG signals were segmented and
windowed, the segmented signals of each window were
extracted all features above.

F.  Features selection

Our study used ratio between Euclidean distance and
standard deviation (RES) index that is easy to calculate and
implement for selecting the optimal feature [8,10]. This
method depends on the Euclidean distance (ED) of each data
group and the standard deviation (SD). RES index was
computed using the following equations below.

EDch

RESch = T (1

24_-1 En-mﬂ. ’(Fch m = ch n)

ch—

A(A 1)
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- 1
Ten = :Eﬁ=l SDcha (3)

where F is EMG feature average, SD is feature standard
deviation, ch is number of each channel (1 < ch < 6) and m, n
and a are the number of each activity (A = 5). Before
calculating RES index, EMG feature were normalized as

shown below. (F = min(F))

(max(F) —= min(F)) (4

E norm

After features selection, the optimal feature was evaluated
by multilayer perception using Weka 3.7.9 (The University of
Waikato Hamilton, New Zealand) to confirm the results [14].

I11. RESULTS AND DISUSSION

A.  Evaluation using RES index

In this study. five oral movements were used to evaluate
sixteen time-domain features using the RES index to find the
optimal feature for cach muscle. The results showed that the
channel 2, 3, and 5 had high RES index therefore these
channels were selected and the best feature for these channels
were SSC and MYOP as shown in Fig. 4. In addition,
Euclidean distance and standard deviation of each feature are
shown in Fig. 5, and Fig.6. Scatter plot of the optimal feature
for each channel is illustrated in Fig.7. Channel 2 casily

1

RES mdex &
(=0 — I — B~
S 1d = W

""Hluu !

- o
E: “nﬂhﬁigﬁﬁs%g
= g h
Features
of: (a) channel 2, (b) channel 3, and (¢) channel 5

Fig. 4. RES index
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E B g i < E Fig. 7. Scatter plot of SSC, MYOP, and MYOP of channel 2, 3, and 4
| Features
© = separated smile gesture from other gestures because the
2 | prominent muscle is zygomaticus major (CH2) but other
Sos gestures are not prominent. In our case oral muscle movement,
'2 | it evidently shows that SSC and MYOP are optimal features
g ll ll l l | B N T a— that can identify five gestures clearer than other feature
.'% 9 A, R A A > | because their standard deviation was not higher and their
= a é E N é E’ g g S E8LE E g ’é | Euclidean distance was high. Euclidean distance was used like
* ~ Featurs - separation index between the classes and standard deviation
was used like a compactness index [8].
Fig. 5. Euclidean di of: (a) ch 12, (b)ch 13, and (c) ch 15

B. Evaluation using multilayer perception

(@ g This study used multilayer perception to classify EMG
a0 '4 from five oral movement activities because other classification
203 such as support vector machine and decision tree have lower
= il ppo 5 i %

:‘é g; l | l I ll'—l 'l percentage of classification than multilayer perception in
=0 previous test therefore this study chosen multilayer perception
£ TEE®s a® g 3 == to evaluate the features. Table 11l shows the variation across
g E e Ej’ BES §' EEE & i E | the volunteers that subject S2 had low percentage of accuracy
= Fﬁmles b!.l.t subject S1 and S5 had 100%. However, it is considerably
b — high value of accuracy.

)y« — — — '
=
% I I I I TABLE Il Results from multilayer perception of cach subject
] Subjects st s2 s3 S4 S5
3 0 bmm———. .l' [ | lll 51888 % classification 10000 | 9667 | 7667 | 8333 | 100.00
= - 5 8008 guzusn Mean abselute error 0.04 0.04 0.71 0.08 0.02
Z EEE ﬁga‘—’gggﬂ*-ﬁ Root mean squarcd 008 | 014 | 010 | 022 | o008

Features -

(c) : TABLE IV. Confusion matrix of each gesture
08 -

&E 9.6 1 Straight | Up
[ “': Activities Open Pucker Smile tongue | tongue
227 sl . (FEEE l l Open 86.67 | 0.00 000 | 1000 | 333
¥ ? g Pucker 000 | 10000 | 0.00 000 | 000
£ E BERRE® E’ EES E’ & Rgs g Smile 0.00 000 | 10000 | 000 | 0.00
0 ¥

Features s Straight longue 6.67 0.00 10.00 80.00 333

Up tongue 0.00 0.00 10.00 0.00 90.00

Fig. 6. Standard deviation of: (a) channel 2, (b) channel 3, and (c) channel 5




TABLE V. The comparison of percentage of classification

Research class | classifier Result

This stu 5 MLP 91.33%

[5] 11 FCM 90.41%

[6] 8 SVM, and FCM 80.4% and 91.8%

[15] 4 K-NN, SVM, and MLP | 61.60%, 71.00% and
56.19%

Abbreviations: MLP, multilayer perception; FCM, fuzzy C-mean; SVM,
support vector machine; K-NN, K-nearest neighbors;

The average percentage of classification was 91.33% of all
volunteers. Table IV shows pucker and smile gestures had
100% accuracy while the other gestures had low accuracy.
There were some mistakes of classification by the algorithm
such as while volunteer actually performed an open mouth but
the algorithm presented a straight tongue or when volunteer
actually performed an up tongue but the algorithm presented a
smile as shown in Table I'V. Furthermore, Table V. shows the
results that compared with other research about recognition
accuracy. The results of the comparison showed that our study
had a good result in the classification of signals. Using
multilayer perception, our study had higher percentage of
accuracy than other study ¥, although our study had more
classes.

IV. CONCLUSION

This study used oral EMG signals to separate five oral
muscle movements. It is found that the optimal features were
SSC feature for channel 2, MYOP feature for channel 3 and 5.
Three channels from six were chosen because they had high
RES index and they can separate each gesture. The major
contributed muscles are zygomaticus major, levator anguli
oris, and mylohyoid. The gestures that had an overlap
classification were open mouth, straight tongue, and up tongue
because these gestures use same muscles and the selected
channels may not clear on these gestures. Therefore, using
more than three channels may overcome this overlap because
oral muscles are complex while doing these activities. The
limitation of this study was the sensitivity of the position of
the electrodes. But it did not have a relevant effect for signal
processing.
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