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61407207 : Major (ELECTRICAL AND COMPUTER ENGINEERING)
Keyword : Electromyography, Electrocardiogram, Electroencephalogram, Light Sleep,
Napping

MISS WACHIRAPORN AIAMKLIN : DEVELOPMENT OF AUTOMATIC POWER NAP
MONITORING SYSTEM BASED ON BIOMEDICAL SIGNALS THESIS ADVISOR : ASSISTANT
PROFESSOR YUTANA JEWAJINDA, Ph.D.

This thesis present the development of automatic sleep stage detection by
using physiological signals. We aim to develop an application to assist drivers after
drowsiness or fatigue detection by a commercial driver vigilance system. The proposed
method used a low-cost surface electromyography (EMG) and electrocardiogram (ECG)
device for sleep stage detection. We investigate skeletal muscle location and EMG
features from sleep stage 2 to provide an EMG-based nap monitoring system. The
results showed that using only one channel of a bipolar EMG signal from an upper
trapezius muscle with median power frequency can achieve 84% accuracy. We
implement a MyoWare muscle sensor into the proposed nap monitoring device. The
results showed that the proposed system is feasible for detecting sleep stages and
waking up the napper. A combination of EMG and electroencephalogram (EEG) signals
might be yield a high system performance for nap monitoring and alarm system. We
will prototype a portable device to connect the application to a smartphone and test

with a target group, such as truck drivers and physicians.
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2.2.2 %1anavélu (RAPID EYE MOVEMENT SLEEP %38 REM SLEEP)

SvovveInsueurdng AuszezaUsYaNal 20-25 % Y9IAINNTUBUTIINLA
[11-13] Turhsseeoviasiignuwasie 1n5Y1NUYBIENBUUEN waznsyanglieanes
(Generalized Heightened Brain Activity) ﬁmamammqnm‘immé’mLﬁamasjmmn“;Ju
58829 (Periodic Intense Eye Movement) aauiiuaziinluszesi lussoziaviinaany
Usuwdsvesszuumsnnele wagszuuiile uasvaenidenldediann (nsionsaninain
M57 SrenTUeUTlnbiin1sYaIuYeIELBIetwN NSRRI ailufle)sze
nsueuiluunsndusudendn Active Sleep #39 Paradoxical Sleep Tusverinisnovaues
Rodadnieuenau @ wedudnely Wy nznsvinesndau svtesundlaiou
FUsoy NREM fdsuaznisisivesnduiiearsiniiavanaiodiauin adieniasi
Seundinsidu Paralysis Auanesdiwniafiidenda Pons naldiianis annisfesves

nanutbeangluszeznisusurini

2.3 aAnuiitasungliunisiunau
n1s3unau Aon1suduluszeziiandu q lunaunalsiulinesaLseLIa1uoUnauY

&
AANAU



2.3.1 USSENNUINISIUNAU

(%
=]

2.3.1.1 nMsaukunauaznauluaatunisalnigg wu 151AaliTnduilagiu
NaUANU vseariuneusenluiieInatsiu
2.3.1.2 mawdeenaulaglildnila Fuuiatudelnsildninaaundeuing

= U 1 o v <@ v
uinbiiundu aaglidaunsaviauliasalday

= a U

2.3.1.3 M33uUszandu lnendulunanfeatuyniuvawduids Jansiunau

wuuilazfisuuzid wszdumsituysiimenazdsafdmiunmsvinuimvievesiunu g
NSIUNEUNATIAR Fip “N15UBULDINTY” U 20-30 wnil Bevsdielvilsaniu lawmde

wazldsuNIUNITUOUABUNAIAU

2.3.2 42hvaIN15IUndY
2.3.1.1 Msunauiiniaasitauegnaiiuseangamundu
a o/ dy ‘:‘I e a g o
NSunAUaIRI AN UNNITALAIYBsEBILAEAN1Y USUUTINIYIna Lay
PiganlenalunisiinderanainuazgUiamnla 31nn15ANYI1Y9909ANITUNIYT (NASA) T
nsfinwuysdornakazniseInAnUI Msiunduiduian 40 wnil aggaeuiulang
nuldunTuiia 3% saunarilnannnsausalaane 100%
2.3.2.2 MIUNAULILEDUARIEAUATLA
= v Aa oA 1 @ ‘ P s
MTUNAUG Wagsiaiiles asdrelasiue1nts suall’ ¥3e ‘vuause’ uay
faipannnuasgaladnaig-ainnsAnw lusgutagyendnydl n1sdurauanansatielv

anedldiinn1siunannssuteyauiniuly-wenani n1siundudsgislunisusulss

ANNANNTALUNITINTN VYA bHBeINNNSTIuNaUREANTTdstayanielaTuaINATISBUS

= | .«.:4'

nauesdusuliuanta (Hippocampus) dadudrunivinlraulasgnsirenie ludaues
dauillepesifing (Neocortext) idsanunsasiudeyaliliegnsanss Snvisdetaelunisiluy
NI SEuTen1sEnmInladnae
2.3.2.3 MyIunaunseilavann
Inidelavinnsfinwivnan3nuseanns 24,000 awduszeiaal 6 U wui §
A o ~ v & A o O 1w & ~ A A aAa
Pvnsiundutduszezian 30 w9 310U 3 AsasedunY azlimnudsslunsdedInann

1smilaanas 37%



2.3.3 NMAunduagnegneias
a [y 1o I A M ¥ o 1 1 [ Y a =
nsiunaulagladniu visldlaiinisnsnunineu azdwmayinliiAeualde
¥ a 1 U = dg’ a U 1 U
PR 1w Jeymnisueunavlunainaisau wenainil nmsiunduludisnainaisiu
gdamavibAAnlsauenlindu viieilinua nvesnsueurauluiaInasAuanasdneie
o A . . 2 A a Yoo o Al = ) ~ A P
9171597138 (Sleep inertia) WWUT09557UA AL IANTINY NTOIUNINAIINARAUIINNITIU
Y] R 3 aNaa Ao g v Yo = = Y}
AU uiagelsinny 35 siviiigalasunafannsiunaulalag
2.3.3.1 98N
= v aad I ] a = =
5383naﬂumiwmumwqm%aqizmw 10 = 30 W1 INNITANYIBIGN
ARUNIU581591U38 7031 “Sleep” toldurunnil s1891u31 msIundudunan 10
w1l azfiuszlovililuegrann 1es9anazgivanmnmilondt wazUiuunaauaunsaly
= Y ! a 'y i = ! 0§ ¥ a v a Y]
NsLSERs win1sIunduInngl 30 Wi szdwavitliinenisialennuintiuies [14-16]
2.3.3.2 Junaulugasiig
39387l uNISTIUNFUNANEAAD SenI1aia U 2 Tug Beuie 3 Tug
Wesanidurisnanasmilses iy wagludisnadeuisyhaudulngdoandayiueinis
INURINATTVU IR IITNANIU Feaganaldaron1siunIlugeu1stues A9y ng

a Y] | & ¢, a A o ~ o &
\TUﬂanuGU’NL'Ja']u sLUUNAR Lu@ﬂf\]’]ﬂllu?ﬂglliaﬂ']a‘l'ﬂﬁUﬂQUﬂqﬁuauwa‘Uiunaqﬂa'Nﬂu

%)
<@ U [y

e AN o8 WAng19ksAN 1Y BaaratlunITTunduAg I uAUYINIaI YUY taztlady

]

dauyaradneae dadunsiunaulugsnaBu-Natusanslinianadligudeniu deddy

Ao nenguUNLIURUlUgIIaeIviliuasssegliainUAueE

I ¥

2.3.3.3 a319dauIndeuiigniosmanzay
Flonmiasnismsiunduiionisiunssnisvesnm auaedosiedatunis
Jumdudude Setfumneds anasdomanissdssunuluies Uvgumgiluedianas
warlnsnu itelvidesiudinuazaunsdfian uenaind Smunefsnsildiinaudeu uas
UsTIIMATMINELANSNEY Tamfensdansiuldssnsuiiarsuniuusseinalunisiu
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2.4 §2UUN1IM3IINTTUBUNRAY ( Polysomnography : PSG )

A13AIIINITUBUNGU W38 sleep test (U19AT LT 8NT7 sleep study n3e
Polysomnography :PSG) tdunisasivddgiildiiiodiasizinisinuvesssuusing q veq
319NBTENTINNITUDUNAY LU szuun1sniela szaveandauluidan n19¥n19 U049
paulnihaues adulriifle wazndauile sl AnvimgRnssuuisesiiiet uuaendu
e [17-2010ag0udodndunsnsiaunsgiuaina (gold standard) dusumsitadelsanig
q MAgTestunsuaUNdY ImaLawwaﬂﬁﬁéﬂiﬁﬂwqmmﬂwmmé’wﬁmqmﬁu’u (Obstructive
Sleep Apnea; OSA) samﬁqmimz@ﬂﬁuaqﬂé”lmﬁasm6] LLaz‘wqaﬂsimﬁﬂmﬂﬂaiwdwmi

% [~3 %
UDUNAU L UUNU

2.4.1 Y52189dv99n15n529n15UUNAU (Sleep Test)

Wunisnseiiluyinsgiu (standard investigation) Mldlun1s3tadauas

(%
[

Useilluseaunuguwssvadtsn agveanitulavaenausingniu (Obstructive Sleep
Apnea; OSA) Feaziinasonisnununaymsinaulavadonlumsdne wu e1aldlunisae
AnAusua (Pressure titration) tunsaifisnwilsademdealinnuduautuiniiiovenstes
madunela (Continuous positive aifway pressure; CPAR), nsususedvranaiaaiioly
gaatn (oral appliances), uenanniiidldfasadenianisiisamaiumelauazldfany

Han13inw pagRIuTlslunsItagelsanNRaUINRDY o Nneatiumsueulaenaly

2.4.2 52AUNISATIINTTUBUNAU

N136929A1TUOUNTU- N30 sleep test (U19ATILTENIT sleep study #3o
Polysomnography) aunsauuseanis tlu 4 seiu sumuasidunvesteyaiinga lngld
AUTYIUYDIFUIAUITAIENTNITUOUNAUTDIENT §OLUINT (American Academy of Sleep

.. A = & PN (9 [y o &

Medicine w38 AASM) ailuivausuluszduainasiall

o A P2 Py v a a

FEAUN 1 N19M5398VN1NN1TUBUURUVaNyIallaglidmiidnaenAu
(Comprehensive technician-attended polysomnography) n1sas1anuuilazlsznausiy
nsiandulniihaues adulwihndiuiognen laane uazw aduliiiala nsesiainsedu
pondauludeon warn1ssiatnauniela Wuedietes Ingeravingluieswmsiaanizves

i
v A

A0TUNYIUIA VSOUDNADIUT WATILAINUTNNLENAINADINITNADANIAUNG I
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JEAUN 2 MINTINgUAMMTUeRraukuvanysel ngluilidmihninasnis

Al (Comprehensive-unattended portable polysomnography) N15757975187130157907%
U luieauewreslSunisasiaes@aduanmwindoudiquing wie auan uniiingns)

(%
o Y

Wameiunmsusuluiinysydriuuninndt lagaziiidmihndrluinnsgunsallviuwalalleaii

A A ¥

FENIIRININATIV dNBYRINITATIULLTdINYTENoULAsTayalin U WYl ala

InalAeaiu MInsaaseau 1 uiliten wu Aldanglunisnsiaiignnii Wesinlufianldane

iailuisesAviosvedlsangruiasiuis Ussudaailddnguazinatlunisiiunig wenanildaly

nantunssefnTatesnit lnggvangdimiun1snsiadsil laun giedeulmuaziaunis

lazaan wiednlenn1sunuagdeIn1singog1959ni57 uiseasemnsvlulsmeuiauiy
& ¥

1A LU

¥V

FEAUN 3 N1IATIAVAINNITUBUNGULUUTITATaya (Limited channel
& aa A v

portable sleep test) N39152398 AzdNeIN159529 aun1ela nrsirdeulmvssntinenuas
99 Minszaveandanlugen n13insgauldgansy vdasienatinnsinaduiilasiudie
N3BNIATIINTUBUNAUAINTEUUMRBALAnLa Ussamenlud® [Judu nsasauwuuiiens
IS [ v 1 [} 1 <@ Y PV ° 1 [
felginetosninseny 1 uag 2 adrelsfinng wanisasaadnlininugunssinniinanudy
a 4‘ 1 Y d‘ < 1 a a a =
939 Wesnnlilaineauatos Fekuaunsauseiiin Usednsamlunisueu siusyegauan
Y9INTUBY YIIANANTIANANHULILEIUBEATN

SLAUTN 4 A1NSIATEAUDDNTIRUl UG wazuse Tnaumelavuendu (Single
or dual channel portable sleep-test) 1Jun13nsaaifiesuvdIn uwasladeyaliiu 3 ee1

O = oA 1% aa | a YUy & = v
wiy Jadenldianznsdinlianinsansavluluusngg ananuualainty Wewindeys
nsalainagliinnuiiieteuinnenazinunldgudunisitadunizaanunisiumela
vuzvaula
2.4.3 A5N15M5IINNISUDUNRAU (Sleep test)

N1391599gVN NN TURUNAUILTUAUILYIIAT (Uszunas 20.00 U4 Neinny
ANUMLNTANVRINGRZTIY) NOUTUNTATIVIMINNAzABUALTaYAINEINUNITUDY Y3
9191MINT0NKUUABUATIYN LAXLENA1IAIINBUEDNVBINTUNITATIV NHIINTUUILDTUY

anwazifeivgunIal waensURURAA19Y 5813190199593 TunsdlinsivguaInnisuey

VAU SEAUT 1 H3UN13nsaadinanaglasunisneasdldniiininvesasesdianuduauuln
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aaa o

(CPAP mask) wieuSusinaulunsaininnevganiglaseausuunss Fadmihnaglnsnuley

]

LA389A9NA1N18TUANTNNTIVAY LIBESUNITATIFINSBUTNILLUIUBU NEIINTITLINNEY

Y

[

ave1auad Wvthnzisuimsieaedanduliihaues audnaiuiegnan nauilels

(%
Y o

= d‘ L% v 4 IS 6 1 a a

A9 WAz SIuten1sasaanduliiiiiala dwlugiunisnsiavsiigunsalingg uavanefad

UhaAswe Tunth ane wihenuagnns 2 919 uenaniifaiininsiaszuuniglalaed ae

Tausiaayn aeanten uazusniamies TudziiinIasinTedueanglnuilaieil uay
A A o o A = a = | o Y o

97138lAT0INTEAULANINTY YTEN1IATIARAYEY 9 1Wu NMstuiinamainnaedlnsviaties

Un anuaud i dwsunisesivseiuil 1 aslidwifzegluiosniuaunieuenieausy

YDIHTUNITATIV BIALQUATENINNTNTIT EIUNITIRTEAUN 2 elaiflidmiiniil usiaslv

LOUNAUDY 19 DLDINADATIIAU

5UM 2.1 P13RTITIANTUBUNAU

(fian - http://www.nksleepcenter.com/sleep-test/)

2.4.4 Fyyaauitldlun1snsranisusundy
fyaaildlunisutassezveansueundulaenslfiadesdonainemans
TuresufuRnisusunaulnageuluns il (Polysomnography) Usenaumie
1) msdananisilaeuulasvesnduliihaues (Electroencephalogram: EEG)
2) mapdeulmvasndion (Electrooculogram: EOG)
3) puievesnanile (Elcectromyogram: EMG)

4) 5991 N IANITVINUVBITTUUNITINELA


http://www.nksleepcenter.com/sleep-test/
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2.5 dysyraudanisunnud (Biomedical Signals)

2.5.1 pfulWRnaxes (Electroencephalography; EEG)

£%
2 =]

douaraudldainnistarieiiNiSendn slanuseteutenilansi

<

[

(Electroencephalography) A5faztiunsiadyaralniiainusnaniedsvenioainin

s a

avesniglunzluanfsue dygruddinasiainlaaziianuduiusinealesiuauesnie

[

ulszamluusnunngmain dygruddlszasourquanunlugiuyssiia 5-30 Fsnd

(Hertz) 11999108 1UAUDUADUAUDIADTIAINUNNANYDIANDILAZNITLARDULNIVD Y

1%
S = a 1

nanuLiie 9gnisunindyIuausinass1enie (Brain Body Signal) wazdgay1aninuiain

LY
v o X a v o ! U a a ¢ . a Aaa & o Aa
wiladswelagdvwinussduiegluseavfiaaliad (Millivolt) 8ne883iludygyraninig

WavuuUasegnasanatuasiivatgasausenaulsduniuegdevilvieinsenisnsiadunas

AATIZABNAE
Amplitude
0.0 0.2 0.4 06 08  Time(sec)1.0

U 2.2 dyny o EEG

(fan - https://www.firstclassmed.com/articles/2017/eeg-waves)

2.5.1.1 N1SHUIRANENDIlUEUVBIAIUA

[V [y

NIFIUUTEANNINGIVSANWIAAUANDILULIVDIGIUAIUAT AUNUSAU
AANTTUVRITINENYLEA]
1) AauLAann (Delta) ANURRININ 4 18509 AzltlunSANYINITYINaI UV

AUDIVUTUOUNAUAN LaZNITANHIDINITUNANTDININEL DY

Amplitude
’_\ __/
0.0 02 0.4 06 08 Time(sec)1.0

gﬂﬁ 2.3 Fuanumaunadi (Delta)

A7)

(fn - https://www firstclassmed.com/articles/2017/eeg-waves)



https://www.firstclassmed.com/articles/2017/eeg-waves
https://www.firstclassmed.com/articles/2017/eeg-waves
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2) AAULSHN (Theta) ANUAUSTUNE 4-8 LB5MT FLAUNUSAUIIN8VUL

U 1= =) = A
wau ldn sevnvazdnasie

v

08 Time{se-:)1 0

02 04 0&

Ul 2.4 dynraumdulsin (Theta)

A

(fian - https:.//www firstclassmed.com/articles/2017/eeg-waves)

[
o

3) Paudal (Alpha) Aauduseana 8-12 18504 dygrauiazinladieiile

2
[ YY)

naum wayyindnlalkounrans dygnaludisanuatiazadneiudygiaddd (EEG) Usslan
wilsM3en187370 (Mu, J-rhythm) Fadudganaitisaiunisdanisinaeulm vediouay

WAUINENDIEIUNLIENINUBLADIADIINA (motor cortex) WpaNesAnoe1nay 1Aaouln

v
o a

alvgagiidyaaddusaiuliigatu wasussiurzanaadiafiaeiouln TUudy

02 04 06 08 Time(sec) 10

3U17i 2.5 &y nundndan (Alpha)

(‘1'7im : https://www.firstclassmed.com/articles/2017/eeg-waves)

v ¢

4) PAULUA (Beta) Audguignd 12 Esediuly Wundunduiusiv

v o

nanssuvanee egraninduluraeniandd Jadenargegraudunsinnieia nsiu aisiad

5081 anunsadlnavinlvieduusn (Beta) Janwarildsuwlasldle

Amplitude

0.0 0.2 0.4 0.6 08  Time(sec)1.0
5UN 2.6 doyayraunauiudn (Beta)

(fn - https://www firstclassmed.com/articles/2017/eeg-waves)



https://www.firstclassmed.com/articles/2017/eeg-waves
https://www.firstclassmed.com/articles/2017/eeg-waves
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5) AAULEALDUBNS (Sensorimotor,SMR) A udUSEU 12-16 L85Ad

eIty N1s3ani nsilad n1sfusvessimeluvueiy

Amplitude

0.0 0.2 04 06 0.8  Time(sec)1.0
JUN 2.7 dyayroundueaduens (SMR)

(fian - https://www firstclassmed.com/articles/2017/eeg-waves)

AnuAnKazAnte 1w Anundd nswiladym msseus nstansdnandusiu

7) BUAUIFY YA UANDINLUININAI LA

Amplitude

0.0 0.2 0.4 0.6 08 Time(sec)1.0
3UM 2.8 dayaraumduinusi (Gamma)

(i https://www.firstclassmed.com/articles/2017/eeg-waves)

a a @ = a0 A
N3N 2.1 YUAYBIFLY YIUAAUTUBINILUIAIUAINUD

L) et AUFUNUSAUNINTTUVDIFN B
(H2)
WAL > 30 Aenfudala N353V NMIUENLELAUYNRR
(Gamma)
LA (Beta) 13-30 \Rendufanssuvesauesmeuiisaneiuegvie

o w v

&3 9NNTZAUIINANTII

Y 9

datin (Alpha) 8-12 Nnludifiaues3antounaesa vy
591 (Theta) a-7 WRlUE9Ma93URUINIGT INLAANTD N1TUAU
AL

wWann (delta) 0.5-3 VAR lug9nduan
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(Y =

2.5.1.2 wAdAN15A2TULAZ AN US QY UAAUENB98D] (EEG)

o v ' v
U v & Y 46[79.1 fa a v v v

TURBUNTINNURYQYI0UDDITUROULIN AsldgunsalnisunIingdIndyqiu

]

(Electrode) n5333udnyaadlniinainusnamisdsueveslinaass 1aiadenaniavil vae

wuunawuuniduniuuly (Plate) wazuuumnnasoudsey (Cap) Aviulunin 2-9 agiduuuy

Y [y 1

mnNgadivriavatee dusgnnelumnniliindyanalinseudunatsgn dyaraliiila
31nTinvzdvunnussuganluszauiiadload J9desve1edyIn NouAI8LAIIVYY

laneisenitluloweundneees (Bio Amplifier) Faziinuautaty n1slesiuuazindn

'
=

wanusuNunaLavveedyaalugiuanudeang wueduanedas anduazulandu

€

DNe

UYINATINOARI8IATEIRTLALRS (Digitizer) wazdynuAdIneaszgn Juiinlilag

a s A ) ¥ 1 -2 aa ! aa 4 a s
Aoumesiet Ul udely nsdidy g 1undInoasyniedllawesiay AoNRILADIIY

zfIvTgasinidwenannduietes funssualndiaineeuinessiva dounduunda?

[

Tagsandudunsesdegldnuld Fsnnsuenasiiiieananiueravinld lnelddetuwaunu

[

daunlni Taevinnrsuvasdgya i iduuasneudinazuatazgn wlasnduidu

L7}

Foyeyraulniivnenusngy

1% Electrode
M5
deyanalwih
wway

NERHREGE @
deyanaluih
Tuanududszam ||:>
penedann lWih /
wazulaailuddeaa danapnieas

A e o= o
iaTuindann

JUN 2.9 ardiutunenlunsdaiudynydsd

o

(i - http://www.gits.kmutnb.ac.th/ethesis/data/4670283383.pdf)
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sUluureeNTinmedain (Electrode) lngluudinisldain (Electrode

aaa

Plate) ilensaadudaands’ (EEG) axulsldansishe

1) wouilanely (Invasive) Afasdniiiotlstrinliiianosnely nelvan
Aswrdsdonilnedasunndingy Tngiastesldlunenisunmeidundnd old nsavaeum
ansAaUNANe AAefunsieuesEues

o

2) wuuskUgnreuan (Non Invasive) 35080 l9iUIIuUnnasan1am Ut te

(BCN) Wudruunnidesainanuisaldiiawle AAnlsd@svelaias fsanunsavinladionas 1y

(%
LY Y

1Y) a o o a A & = = g v 1 a X
gunse Bnnsludagiutrindlivuuilunnneasufsuwedsldnulaaeningadu
Fanadauayisnismsnsiatauas Ianudynaddlauisadimansenu
metademnaludl
1) N9LERNATLIYBNIN T InF I ULATYE LB INaNesazdIuazil
Y v v fu a ' 1 [y v O A o | A o <
WNNWIDANUANRUSAUAINITUVDITNNBLANANAY AN NFWALITITI auzaun
s lvdyaunladesnlssneuilddesnisieegnitesnusenaundesnts amsulunisidy
UlaveyavesnauauaindoutnasBonuin Aadnainunusingg e 64 amidsuy vl
= ¥ .7 o 1 .«.:4' ¥ ¥ A o 1
anunsadentdnuduygaduiumisndesnisidnauyneiim

'
=

2) P93A1uDvesd Y 10897 (EEG) Naunsadnla Liesandyegyiud

n51970 leandadnasivuinuswulviingunn feunaviruudaadudyuiuninea
HDINIU NSVENelaEATBITId N A DY B8RS BIvEgRRnLUUNN LR Aag i TH

guide TwavBunveInnavImINale Tiuteraiidy g insunuklan Yasuunsnidiun

>

—2

U dyeyaunduaneIdnag

Qe

[

3) dyrasuniuiiinaingunsaldiannsefinduaziansirainfilil

UszanSninuaznislilainauazeianiidsyenoundzdrinlunsinlgirianuuniadv
(Passive) Falutyianliiheasvenedyaialusiues dweg wardazduiituneu aunm
Yesdyuialaluuisdin taTniuanslunmg 2-10 azidudainnuunadn

1) §ns1a11uddu (Sampling Rate) Aldlunisudasdygralvilnain

' '
a0 o

Foyeyrew ewndenluidufdnea (Digitizing) dvnnldaudduslufagyiligadesieasiden

9

a1 =

[y d' d' £4 a v LY <3 < aa
w94 daunnudas 1o Ingunduainudduiltlunsulasdygiaeuidenidufinea

o o U a
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Tunuddle (BC) avagiusvann 200-300 L8509 LilpsanguaNudveIniuauodi @115

nldinsenilavgegluyae 0-100 Bsndimintiu

JUM 2.10 A M99 3RLUUsnaY

(Fian - http://www.gits.kmutnb.ac.th/ethesis/data/4670283383.pdf)

252 Uq;tymﬂﬂﬁ’ﬁtﬁu%(electromyography)

~ 1% & =3 Y] ~ W Py L A a v
maulviiianduiie nueds seduauRsiIvendulieNAnann1sNIYAuY
9819 Juuse naulleUsgnevlumedulonauilenldnuusimlioudumednuiunaisa
vy ladulendudieino1n1snsetiu 1NeaInn1InsevinveawadUssainnianaln (Motor

A oy Y X & I & A v v &
neuron) fidsnseuadszamlydudulonduideotu o liaznaladmundulondnile 2-

PN

3 dufegluvaeindidsgimiloussiinasiniegaielian1izund n1snszduillindud

NAULHBITYNNTEAUIUNTLIUAANITNBUAUDIVIAVAA YT08719LTEU 9dIUVRINA LD

e iuievhliiiansnevaussweinduilonidu dygradiduiszasounguaiiud

Tughuuszanas 2-10,000 18509 (Hertz)
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o

Raw EMG signal

A TN

31]1'7; 2.11 MsUSudyga EMG 910 Raw EMG signal uniiu Integrated EMG signal

(Fian - http://digital_collect.lib.buu.ac.th/dcms/files/54910007/chapter2.pdf)

Electromyography
(EMG)

5UN 2.12 n13nuila EMG 3nN1svauazAaNefiivasnaniLile

(i3 - https://theerawitw.wordpress.com/2017/01/20/emg/)
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(fin : auUasan Robinson AJ and Snyder-Mackler L, 2008)
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(il : FauUasan Goodgold J and Eberstein A,1972)
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2.5.2.3 nsutulgeau
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w3estnndulniinndruie (Electromyography %38 Electromyogram)
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durde dwfunanuiilanay 1 610 wazageginiuaues dusundauileAsveiazae 1
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2.5.3.2 Timing Analysis
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2.5.3.3 Spectral Analysis
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2.5.4.5 msiapaulniiala

3 3 TunoaunIl 1) Polalization #38 Polarized state 2) Depolarization

38 Dopolarized state Wa 3) Repolarization %38 Repolarized state

¥ % * + £ £ 4+ £ * + + <+
CELL e Ty e
MEMBRANE U 1|+
DIPOLE OR
a1 CD DOUBLET
+ RE:
+ 11 1|+

+ 4+ + + + + o+ + 4+ o+ o+ o+ o+ o+

THE RESTING OR POLARIZED STATE

gﬂﬁ 2.18 éﬂgumau Polalization

DEPOLARIZATION
DIRECTION OF DEPOLARIZATION
s

VECTOR OF DEPOLARIZATION
_

- -+t ++++ ++ 1+

B. CONTINUING DEPOLARIZATION

C. DEPOLARIZATION COMPLETED

gﬂ‘ﬁ 2.19 umau Depolarization
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REPOLARIZATION
DIRECTION OF REPOLARIZATION
VECTOR OF REPOLARIZATION

————————— kRl ok

F + 7
M sousoamr a1 2000

POTERTIAL

A. BEGINNING REPOLARIZATION

++++++ + + o+

RESTING

B B N e
N

UIVALERT BIROLE

B. CONTINUING REPOLARIZATION

+++++++++ 4+ + 4

++t+++++++++F + +

C. REPOLARIZATION COMPLETED

;J‘Ll‘ﬁ 2.20 Yuneu Repolarization

2.5.4.6 Conduction System

Bundle of His \iousiafiudintalguas AV Node dnwaizilumaeniad
Tala 20 mm. LdurgUgnanagega 4 mm. 31970 right atrial wall 1964 anterior W
central fibrous body 5U [@an91n LAD iay PDA sleaenlyu-a1n AV node ilwilovsanis
f4u s91919 ventricle wenilu 2 wua

Right bundle branch (RBB) Duduiienasuinainleiu szing ventricle
AUV 813 40-50 mm. agflnaiu endocardium andandnanile sla - Left bundle branch
(LBB ) wunidu 2 wwus

Purkinje Fiber \udulowsnesnain bundle branch eeesing urlnszany

UM ventricle wsiazds Aaulwiilaasund ventricle apex il automaticity rate 20-40

BPM 1191191 back up pacemaker Tu nsal pacemaker duside LAD uLdes
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Electrical System of the Heart

Sinoatrial (SA)
Node

Anterior Left Bundle Branch

Internodal
Tract

Middle
Internodal
Tract

Conductior
Posterior Pathways
Internodal
Tract

) ) Right Bundle Branch
Atrioventricular (AV) Node

sUdi 2.21 szuulwihile

2.5.3.7 Usleaivasadulniiniale
1) Acute Coronary Syndrome (Infarction/Ischemia)
2) Cardiac arrhythmia
3) Chamber enlargement (Atrial enlargement/Ventricular hypertrophy)
4) Electrolyte imbalance %14 Hypo/hyperkalemia
5) Amardue IWu devisalasniay
6) Drug intoxication LU digitalis
7) #5399N15VNUVBS pacemaker
2.5.3.8 aauluiwala
sULERY cardiac cycLeﬁLﬁmﬁﬁu LLaSLﬁummgmﬁLﬁmde cycle

(baseline 138 iso-electric line)
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QRS

e vale el Complex =
Segment Aatdunivim Interval Ysznauliéne

§ - Bl v
Wau wave W3 complex segment lag wave U1

R y_ o
LAIMEUNU aEanY

- PR segment - PR interval
- ST segment - QT interval

PR
interval
s

U 2.22 fuiansmaduluidiila

QT interval

cardiac cycle W 1 cardiac cycle ¥ 2

U7 2.23 rdulslitiinla

Isoelectric %39 isometric line Ao LEUAvInTAT Wou EKG 1 cycle dafu
an 1 cycle ﬁx‘iﬁ?u 1 cycle U984 EKG = P wave + PR segment + QRS wave + ST segment +
T wave

Deflection #98/8l4 wave %58 complex ﬁLﬁWﬁ‘lﬂumW EKG 5ﬂa§jmﬁa

baseline fiasluuin agldl baseline fiovluau

»\)FD“M

AMUUIN (Upward deflection)

10P9

+

Atuay (Downward defection) /I\

7 (\ t% B

A 4 L4
nnumﬂummnun:nu {Diphasic deflection)

Uil 2.24 n1suanaiia Deflection
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Uszglu#n3aidam electrode agldnduuan Uszylnfiniseanain
electrode aglanduau 61719 electrode nsenane azlanduuiniazau (Diphasic
deflection)

2.5.3.9 dquusznavvesnaulniiiale

" (c) P wave:
Atria

depolarize
and contract

| —

|
/

(d)

5UN 2.25 nMsuanstivdiuUsznouvesrauliiiaiila P wave

1) Pwave Lin21n SAnode A4NITUANINTEAUN RAUAE LA LAA

Depolarization Fuflatrium FeLazw37 AADUN atrium MNia019azdUs

R
| \ 1] +
| w— ) —*‘»s A
Qg i
A A L
(e) QRS (g) T wave:
complex: Ventricles
Ventricles repolarize
depolarize and contract
and contract
“ |
) > [ Depolarization
| — - m Repolarization

UM 2.26 MsuansisdiuUszneuvesnaulniniala QRS wag T wave

2) PR interval LusgEn19M3090 SA node demduluiinun nszHu
ﬁatrium LM Depolarization mﬂﬁ?uaqgj AV node, Bundle of his, Bundle branch, Purkinje
fiber

3) QRS complex Wunasiumelidnann Depolarization ¥84 Ventricle

FULAZYI WNANBUN Ventricle N9a9U1998 UM
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4) T wave WWunasaunisladiiain Repolarization 484 ventricle 115U
Repolarizationved atrium sinlaliiiu imszifinlugie Depolarization va4 ventricle fegnun
U3l

5) ST segment Junisesu ventricle repolarization %U31N ﬁ;ﬂéjuqmsum
QRS complex garanssiiFandt j point lUaufly gaEus T wave

6) QT interval Husrezinansuei depolarization W& repolarization
sauiafausin QRS complex Uaud ugn T wave

7) U wave Svunadnlasnauniumas T wave daulug iudalu lead V2 -
V3 fiiansluniaieaniu T wave

2.5.3.10 seazidenvasnaulniiaiila

i o ‘ 4 = 2
e .

5UN 2.27 nsuanstsdiudsznavvesadulnihivialaluguwuusing q

1) P wave Unfiligus1anay uazissundneliiy 0.12 3wt geldifiu 2.5
mm. P wave UnAfitinaannszualiiinain SA node Ail§U319 upright 1u lead I, uaz
Precordial leads Henuneasiuil Vi 89 P wave 019 upright, inverted %38 biphasic Ao
@y aVR P wave Unffinnain SA node azfiaadu inverted P wave

2) P - Rinterval A1Uniegsening 0.12 fis 0.20 Fui

R

PR segment
T

Al R

i i Y
: PRinterval :

S

gﬂﬁ 2.28 nsvluanspdy P
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3) QRS complex UnfAnisliitosnii 0.06 w7 LAy 0.12 Jurdl aw@n
294 Q wave HonI1 1/4 %39 1/3 93UUIM R wave
Q wave A9 Negative wave L3n#iunneu R wave

R wave @ Positive wave bsniAndu

S wave i Negative wave inumnas R wave

R wave

gﬂﬁ 2,29 n3MiUERIAAY QRS

wave & 9 iniidfiemaduuuliiSonda R, R audduies wave a9 aniidfiennsasans
W38n11 S, S", MUa1eu drurunvasdsneslduonuuInYes wave 113U wave 1116
Tugldsnwsialug wave vurntanlddnusiitan QRS complex Linann Ventricle
Depolarization Tngiifirms Mnmilesmde lgm s electrode 71 V1 audindu R
wave TuALEn electrode 71 V5-6 axufinidu Qwave vua 180 wdeanduiin

Depolarization 909 LV uag RV 1fau wisw §fiu wakiiesann LV fusuinniuazasislni

[
a =S =

16 11nA91 QRS complex MnTududunauiain LV 1Wudiu Tug 9gwuin R wave A

Ejﬁ‘u 1360791 normal R wave progression

R R
R R
R
r r t t
L qs q q
S S
S
S S Qs
S SR’ RSr’ RS gRs gR grS Qs

UM 2.30 M3i3entio wave fngusenauliu QRS complex
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= Y v

4) QT interval 181381 0.42 Fufidiiladu agsendng 60-80A5Y/ W1

[
v v

WALVUNUBANTINIG LHUVDINILD

QT interval

sUTl 2,31 fuma QT interval

5) ST segment FTM13 J point E3UTUINAAUGAVDS S wave waghy

AuannanisuAuYes T wave Und j point agagludu Isoelectric

ST segment , : ‘

R ST segment

J point

SUTl 2.32 fiuvinds | point
6) T wave Unfigelaitiu 5 mm. Tu limb lead lsiifiu 10 mm.lu precordial

lead

T wave

#\1

UM 2.33 sl T wave
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7) U wave LAnnunds T wave U wavefigandn 1 mm.duld dedndu
prominent U wave foranuldlunineg hypokalemia , bradycardia, Hyperthyroid,

hypercalcemia

31]17; 2.34 Purkinje fibers repolarization

8) PP interval Ina1ngaLsusuYes P danialuds P ddaly

sUTl 2.35 PP interval

9) RRinterval Y917 gal5u@uvBe QRS complex Fanilsly &1 QRS

complex fenlu

R to R to R to R to R

g‘ﬂ‘ﬁ 2.36 PP interval

2.5.3.11 s3uusia (Lead System)
nstuiindna i aiinanialaaglassuu Taneviingesda (bipolar

lead) tazdnavtintane (unipolar lead)



1) Standard Limb Lead %39 Bipolar lead

Standard Limb Lead %38 Bipolar lead

. Lead HRELT 202N
1 wWounY | waud
n wWauu | 2
U U
m waughe | e

JUN 2.37 n1suanafiasyuutane Bipolar lead

2) Unipolar Limb Lead

Unipolar Limb Lead

AVR: Augmented volage right arm o .' .
>, (-120° 30'\.

AVRs, N ot “ aVR (21121 D
< = \ +90°
AVL: Augmented voltage keft am *
+ % aVL wauzg aVe

’ av, -1 507, '-30' av,

AVF: Augmested volage e foot . Bassa ,:.o- 1
a aVF s ¥y¥
+120° g0 +60°

m av, ]

JU# 2.38 nsuanafassuuIsie Unipolar Limb Lead

3) Precordial Lead 38 Unipolar chest Lead

Precordial or Chest Leads

4th intercostal (right)
4th intercostal (left)
Between V, & V,
Midclavicular
(mid-collarbone)
5th intercostal space
(anterior axillary line)
Sth intercostal
(midaxillary line)

5UN 2.39 Msuanafaszuutise Unipolar chest Lead
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2.5.3.12 anwazaauuwlandasusuniunduluiiiala
1) 3nnnszualnihadu AC interference (AC = Alternating current) anweus
duiugudunaeiluiey (sine wave) a1ng 1) anuraundniglueies 2) In1ssuniu

IINN1UDNLATEY LU Szuvatedulivinany , ndudalif @18 electrode Wufu 1

awnulihaneseddliihnlianudasegusnalndifes

iR
i ‘-qnum];!anm;
1 1 i

5UN 2.40 dnwagtduiiugiuduasieiiubes

2) 91nn156n599035 U8 Somatic tremor dnwaziduiugiuldasinly

1o < o L o gwua A 1% &

wwveu Augsldaiiaue amnannisinsesndaiiavihiiiinaduluiain ndwiie
a1uunnsEed electrode N3N LY tnieuEUaonaunsalvia nesudeluile electrode

Tyiileane wazdndaindusuniu myudal “Filter on” Naun1suuyn

T e e o e L
; i fapre e bt R s g.ul - (LRI HIRES 1L Y sl;, e 1 IIRES KRSe iR
{ ; m‘mm::!&mm-gm‘umn,uuupuw_ FTJ]&I;]J Heasaneo ||

L33 B8 531

Y

JUN 2.41 Snvalduiuguldailuwniuey anuadliainaue

2.6 MUATBNNYITDS

2.6.1 DeepSleepNet: A Model for Automatic Sleep Stage Scoring Based
on Raw Single-Channel EEG
d’l dl U ! U U wa

unanuiiauensiUasuwlasaudnuaglusenitanisueuvaulagdnlud@ain
EEG A8n13nflegdrulugjeorduauaudfniunisesniuumie hand-engineered eaaldy
AU5AEITUNITIATIERNITUBUNEU 1WuNg transition FuludsdAgydmniunisssy
TupauNITUBUNAULNBLENAMEN YNy 19 convolutional 1ATBUIBUTEANLABULN DAY

9 -

AuanwurLdY time-invariant way memory WUU longirectional-longshort-term L#®

q

a v

SeusnsdsuiUasnarnuagluseninnisueunaulagdnlud@nn EEG Faluunanuild
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danaiduLuuaetunau Ian1suuuitassiilaed1eiussd@nsainlaegld EEG Yoanii
wansaiulag (F4-EOG (H18), Fpz-Cz hae Pz-0z) :NYAUayan1suaunay 2 yanilnaauds
LANA1AUAYUTNTINTANAIDE19) WazuInsgIunTiinziul (AASM LagR & K) 1agTs

DeepSleepNet LHuluudiansdimnsunisiiagiuuszen1SUDUNaULUUSALUTR A3 raw

[

. = ] Aa A Y] as A o v
smgte-channel EEG %QLLWﬂ@WQQWﬂQWUWN@%W @Ju’]@aﬂ@i%uLW@aﬂﬂsﬂﬂﬂﬂﬁﬂ'}ﬂ EEG @13

[
[

TURDUTRIAUAN BT hand-engineering nan1snaasIkandlimiiuinlumalaesiuiainy
WUET wavAzLU F1 vasulas (MASS: 86.2% -81.7,Sleep-EDF: 82.0% -76.9) iiiaifisufiy
state - of - the — art  38M15 (MASS: 85.9% -80.5, Sleep-EDF: 78.9% -73.7) luyndayasis
ansuansliiiuinlideaudsunudnuuetes model Lagn1sAnwdaneisu lumaauisn
Seuinudnuazdmsunislvineuuy sleep stage 3INAIUUANFIIYDY raw single-channel

EEGs nyadeyanuandsfiulnglilldusslewdla 5 vesnndnuuy hand-engineered luing

Y

}% [ o

Hausaisousaudnuusdmsunisianzuuuly sleep stage lalnednlud@ EEG ladu

Y 9

TaLaLUUAUIINYATRYAARIYN  NHANANTRLANA19AY (HUBNIINTHNAI0E19) wag

Y 9 9

wnsgrunMsvinzuul (AASM way R & K) idedldamuanuaiy hand-engineered [21]
2.6.2 Automatic Sleep Stage Classification using EEG and EMG signal
unmnnilauenssuunduneunsuesudunatg szey mMsueundu Liewnd
ANARYARIAUYEIRYA M EEG lagiawiz REM wag Non-REM1 (N1) stage 1519eL@usli
&0t EMG usninfleandayanal EEG tileuSudgenugndearesnisduunyseinnms
woundy dayanal EMG SUssloweidmnsunissauuniunau REM waz Non-REM MEFURUY

N19138UIMBLATOIAMBIHUUTENTU (SYM) Tnelddyeynas EEG uag EMG JUMUULEUD

£
[y

LLamé’mwmﬁmfﬁﬂLLumzazmiuawé’uﬁqﬁuﬁmw REM wag N1 111091 EEG wilg9aena

Wy Iaglidyaynns EEG Wiednuunssaznsusunausnluil® dyaa EEG Usenaumedaya

<

AWUITZIZNITUDUNAU WANITITA Y18l EEG Liladnszuznisusunduisnuauioein

=

\Weanniideyaliiieme vilienitgduunsyeznisusunaulaegauiugn Jadygyanla

A

[ [y [

nwalzAAIUNU dey1ad EEG ¥09 REM, N1 wag N2luszeznisusunduiiniiuadisaasiu

jmd)}

(%
[

U1 YU N1 mmsm‘imuﬂlé’dfnﬂu REM wag N2 mmim‘mmﬂﬁmﬁ]u REM &3

o I 4 o ¥ o % 14 = a a = 1%

‘1]’1LUum@ﬂﬂiUUEﬂﬂﬁ’mgﬂ@@ﬂ’ﬂﬁﬂﬂ’]'ﬁﬁ]']LLUﬂﬂWiUGUMaUI{ﬂEﬂ% EEG v fininedala
&

Feyy ey EMG usniniloandgeyiad EEG iiotiiuauiiug lun1391uunsze g n1susunau
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Y

¢ Suneu REM, N1 uaz N2 151dslddyanns EEG sz EEG Wusausdndn Sygndniu
JLELNITUBUNEU NITUENTTEENITUOUNEUVEId 10 EEG A8nwaizuans1afudinay
audlunsasszesnisuaundu uaﬂmﬂﬁlﬁflé’ﬂ%’ﬁ@mm EMG WuBniladedimunzan
FmUNTIUUNTEEE REM uaz Non-REM Jumausiuun REM 1158 NonREM @115auen
nfuldie eswinmnuniiwesdyyia EMG 71 REM stage Suunaidnnin N1 uag N2
ﬁaﬁ?w,iﬁﬂ%é’zyﬁgm FEG dtyauiau EMG Lﬁaﬂ%’wqﬂmiﬁwLLumsﬁumsuawé’U TRV
msusundulsiitulngldnnugniosnnssuunmuszes N1, N2 uag REM &sn1397uun
sypzvaansueundulnely dyanns EMG way EEG 18anesfiuvenaias SVM druunsees
nsueundulaedaludd Saandifiuisuuuuiisauslvisuunszernisueunduldndu
wnniinsld EEG egrudsavindu Gegduvuildiavetaeifiuaugniesvesssey N1
s Ao TumaiinausldusulsininugndosuaeNt widdsliiomedeifisufuaiy
gndevessvaznsusundud 9 lusuhanisausuIrasaiuusaeses Convolutional
Neural Network (CNN) iieufutgsauusiugluusazfnuvesssoznisuoundu 33 CNN
Juiedeieussanmifiesiififliaioesisleg [22)
2.6.3 Automatic Sleep Stage Classification Based on ECG and EEG
Features for Day Time Short Nap Evaluation
unALlauansanyn Electrocardiogram wiemaulililiiala (ECG) way
Electroencephalogram %36 aaulnil1duss (EEG) fiduiinnisiundudugluszwinedu

= a

UsrasAnangafentsaandRvesndulnililanfiuseanSamsuiuamands EEG

9

v

AmMTUNITUNTEEENTIUNTUTENINYINAING19TN MeTFNTuInAslseaanadaya
ECG vdsnnlisumsussinanandeyiudaduiiaesuedynn ECG Aafuinuaziangy
Huaosdulngldds k-means Ssazgnasranuiunisgegnvosadu R Ffiaosienia
wU5U5IU08RI1N5EUEITe (HRY) Auaaniu RR Iagdgnisliunvesdeyaiduluny
119351 TuUN15991930 (PSG) wazdgyaya ECG udauaamdnuarlddyaiadu o denns
91984 dnIIN13dudI9819d MU ECG, EEG war EOG Ao 100 Hz, EMG fia 200 Hz dusu
MFIATIEENISAIA HRVAWIATlFuAATiaesves ECG AMuamnuidalasnnadnty
483 ECG 30 Funil Adu R ﬁmﬁuﬁ%’mLauﬁqmmaaﬂguﬁaummiuﬁmmﬂm ECG w91zAdu R 3

v 6 [ 1

YA igauazdiaauiign Areuiusgninnguiuaesclassestunisdnngu Kmean

q
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16A1 0 waz 1 WedAndu 1 Aedmsuganeiiod Wensianundugegnesaiu R luusunud

1% o

anAaeIUdYy I ECG 11MT31UYIIA1V09I9dBIARU R Azgin

[y

yladasnin 200

|

e

1
o v =

AU FIAU150LEEINSUNITAUARUTIGDU R 1A warakunmnl SYM Nanununlalu

Y

pd )]

mu%’aiﬁaﬁwLLuﬂ@mamﬁamé’qmi reduction duudeyanismaaeuguandanainain
HRVYI89 ECG Tauifunnianti EEG Taufsnaiaud EOG fidnsndnues alpha Aaw (8-13Hz)
NATINUDY power 0.5-25Hz, $051d9UV8Y theta (4-THz) power 0.5-25Hz Fanani154n
maany SVM Ingldnadnuas ECG sufunudnumy EEG isavituiiiofiazdseidy

UsgAninmuesnadnuay ECG Nannla annistdmalianisiikunnmsueunauiuusnludia

'
a

AnauiRves ECG way EEG Ussdlumsiumdudurlunanansuldsunswannandnume
AendesfuseiumsiheyTs / sefumsusunduiigniensenan HRV vesadulyifiniila 3
faueiBnisnsramady R Ifmuwinglunisnsradugesiulaldindeya HRY gndfes
dnumsatinnadnuny Iereidegarnlnuunauadiamumiud qudnvusidoudd
mduiusgafugandRay q Isumseniiu anhenadnvasfiadaldves HRV ¥es ECG
gnsiiumaila EEG dSUN1TRTINTATEAUNITUBUNGY HANISANYINUIIAMENYME
ECG Mafnldfiuszansnmlumssiuunsresvsinisueunduls aunsoldamlddmiuns

a L4 a a Ly :JI (%
ApTzvinazUszidunaiundvdus lunainanyiu [7]
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Weane  @3198anesiulun1siinunszeznIsuaunay dygrunatuiile dyguauoinas

o
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dygrariila WeasieseuussysvegnIsusuvaudInivaunsallundulidduniside

v v q
samaluil

1) AnwIsnsindrananuiilauagensdssunislunnsindyau eooonuuu

[

0 TedysaaznsuTuUTsd o

2) 99ALUUITNTINAYQYIMINAITRUNEY

[y

3) IMUNTEUZNITUBUNEU
4) sanwuusruuruANgUns allaglddyaalnfianguiile
5) NAABUSZUUNISAIUAN AR eikarasung

6) sanuuTEUUAUANRUnIallnelddyaailndingile

LAY

3.1 N13AFIABDNET

[y

AnwAeiuisnasindgyinanas nanulie uaziala wazwisiunudlunisng
Dlihnnihivesnauile InseriiavusulRdyaalisiinnisueundu T5n1531uwun
NN IMUNTEEENITUBUNEY kagdsniskuasteyaliaglusuuuureenisniuny

gunsaldmIugEANLEEAIN

3.2 AMNSINTLUUNISNIIUNUILEUD

SUT 3.1 4anen1svinauee9Tsu U and oy 1 1aiin sunvdiupauiines

TneisuAuaztndyad EEG dyeyiad EMG uazdyga ECG Nlaaniausiimeneg un[iu

gunsalnlgiadygramisliiiainsiniedlutuneuilagladygyranludygimsuiden

[ [

MnuIhnsulasdyaaandygaeudendudyyiufineaiioigrouiiamesing

A
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H1ugUnsal DAC udvihdyrafdneauiussudanatidlusunsy tietdyyraunlaun

Ipszvsaly

I
| Algorithims
1

Biomedical Signals d Signal -: Feature

Acquisition Processing I Extraction # Classification

State 1 & 2 sleep
Detection
Fower Nap
Maonitoring Systermn lv
ECG
EMG Alarm Systemn
EEG

dl o ldl o
g'l.h’l 3.1 AMNTIUNITVNUVBITEUUNUILAUB

=

3.3 Ny ianazUuNNA QI INITUNNE

lusguussysveznIsueunsudmsugunsaliuvaumedyaialuiindaielald

]

6 A o =

dygradanisunnd Aedyaandulniltauss (Electroencephalography ; EEG) 9z3n
Foyyraulnihannusamtsdsee Ideunsalinseninvadndyayod (Electrode) Iniusiin Ta

[y

v Ca Fyayradliiingraile (Electromyoeraphy : EMG) Tﬁqﬂﬂizﬁﬁﬁaﬂdﬂﬁﬁg’ai’mﬁmmﬂm
(Electrode) Safiusiraindruiovilund wavndrmidovsinane dygralidfalae
(Electrocardiograph ; ECG %39 EKG) 1dinansinisisutinasiala 1ng PC-80B Easy ECG
Monitor #edaygyias EEG anunsaanldlunismiszoznisuey svezilass lnonsgadu
AuAvesdyqIn EEG 399sfiansunndu Theta Aifiaanud 4-8 Hz Tneazdnslddyaio
EMG fausnandrunidovulunii wavee wWiemmsdsuudawesduaia EMG Tusvey
NsUBUVEUTTEYTides
3.3.1 nMsiauazUuiindyyiaanas

”ﬁgfgmauaﬁﬂimmw%ﬂwmﬁuwmﬂ%zé’m%qmﬂss‘uu 10-20 $IWsUS

NNLITURTFINEINAINYA TRy ey I8l BiopacTM system wagindayay1ad EMG lagn9

3L A1Un Muscle of the neck kagground ULIundey nreluyainaziinisvene
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Foyeyradluldin 5.0 WilazNTBIANLALUUBUNIABNRNIZYS 35-50000 Hz 91nHUdey Qe

T o

lp5uazdalunygaulasdyaueundendunines mednsin1sdu sampling rate Wiy 256

[

Hz uayindeyeua ECG lneg PC-80B Easy ECG Monitor 1Uumindnsnnisidudnasiila
3.3.2 myiauasdufindyaaundraile
Fyananduieluniiialaereta i Bdsundandruiena(splenius
capitis) néuilavulumt uar ground vinmnnyilsiuwnveslunii THyaTadyyia
Biopac™ system wenednyaaliharndataluiidhesnsvens 5000 wih wdarumsnses

< LY

AMudwuUBUIAenitaudy Il lanztisauivesnaiuile 2-1,000 Hz fen1snTes

[

LUUAUDZIN LA AR InHudmg mvzgnadlufnulaseyaninewdendu

v Y

[ |

AInoaLiaUuiinuazuaniHauunauiames d8ns1n1sdudynyin (sampling rate) L1y
1000 Hz nsguIuMsdmsuYsEarady gy uinsldnisnsesnuiuuuaineanIudgs
HUNAIND 10 Hz Lioandge15uniu Artifacts 91n1UYIM smoothing 91 half-width iy

° & v & | | a = \ v A o
12 waginuanudayadugng ¥19ae53udl Iae resampling 1aetoyaivinns smooth

EEG Fpt1-LE
EEG F3-LE
EEG C3-LE [
EEGP3-LE
EEGO1-LE
EEG F7-LE
EEG T3-LE [
EEG T5-LE
EEG Fz-lE
EEG Fp2LE
EEG Fa-LE
EEG CA-LE
EEG P4-LE
EEG O2-LE
EEGFB-LE [
EEGTA-LE R,
EEG T6-LE
EEG CzLE
EEG Pz-LE
EEG AZA1 [
EEG 23A-22R
EEG 24A-24R |,

Chan. Time Value

CANCEL =< < 5 > | I ecocete 10363 3451 3 % REEST

JUN 3.2 dnuazvesdygralnihausawaznauilevulunii

3.3.3 nsdauasiunndyyiaiila

dygralililadnlay PC-80B Easy ECG Monitor 91nUT#% Heal Force

'
L% = 1 I [

1AT99 ECG aunsasutartuiindyaralaegenaiidoslussezenn anntudyyia ECG 9

oo

JuinlAausaninunensinistaurasialanazal HRV lalagldaandinisiinsizyt naansi

6 ! { L=

lokansuuniinge Dot-Matrix LCD gUkuumau JuiinAniton1sinsigt Ariduiinliasin
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| Ao

ululusunsu ECG Viewer Manager VU@ tiensiaaaumnuiuiinly

]

WTUNITATIVADUNNT

WasuwUasvosdygralunmiazszegnsuounay

3.4 NIENAAMANYULVDIR YU

1 I~ 1

Alaanmsinianun ssgnuuseanilu 2 439 Ao 939 Baseline Wazy3 Stage2

[ v v

Tneaiae Baseline lanainnsindyeaia EMG Wisunudygia EEG Wisuiudyeaia ECG

TugaaUnAnauNITUBUNEU Lazale Stage2 MIDNSEAIN UAURAL AoNITUBURAULUTIS

@

fu Wuanmluladudessuniuainnieguan WuszazusnNinsnduas1awnase wadaludl

nsilu ImglavinnisiiuAivesdmin EMG lugiae Baseline 1191auua 30 3undl wazaiag

<

Stage2 UWInLA 180 AUl Lileihuasmsmeslasdanisnisusznanadyyial EMG

WUU EMG Frequency Signal Analysis @sviilsildmmisafinasvianun 5 a1 ¢adl 1) Median

Frequency 2) Mean Frequency 3) Peak Frequency 4) Mean Power 5) Total Power L&an

1%
1 o ¥

aa .7 v a < = [ LY ] [
TnsUszaanadyga ECG lapdanasiudzliusgiuasnsinisiiuvewivladmiussey
Y ] | S AN 2 o = a = Ao o= Yy a ~
NsuBUVAUWarYIe ATuTinbiaggnduiingn 9 30 Ui LanduiinliazgniuTeuiiey
Auszuzliansueunaulullonwaedu Pillow lagasiadumdninnisidusesiilalunmag
1394387 kaEMATEAULNINIFIUVDIATINTAUYII LAlagALINAINENNTT
i a s alv v o ° a ¢
AINTSELMR SNLAATINNTTUTBNIaRAT QI EMG axgniiuniiasigiias v
(% (% 6 ! o/ | = Y [ 1
ANANRUSAuTERINd Il EMG Tutae Baseline Aiudaysyraulviiln EMG Tugingnis
UBUTTUZTEDY Ingn1TmatusuAnINLanAesdy el EMG Tugas Baseline fiu
YHNTUBUITTYENAD LAz B UAAINg R pTenIedy Il EMG Tugae Baseline
Y} ] ‘:1' v A o 1 av v a &
U P3eN1sUBUTTEENaRY veenguEnaass istiA1vesteyanlauiiarsuilunisiden
Amimesnazin lulddemmsfimesnaginluly Ae 1) A1 Mean Frequency (MNF) way

2) #1 Mean Power (MNP) Tnefignsfiansan dail
M M
nE= D F, /2P 61
=1 =1
M
MNPZZR/M (3.2)
=1
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3.5 N13AALEN SVM
SVM (Support Vector Machine) Uudane3fiulunisdnuenlusiunisusyanana

Junmidsea Jusuvunldlumsssusiyananis object Tng SYM agvin1suiadunes

o Y o a o

TUAMETTUIUNAIEER  Lagfiuuves SVM iedeaiuiaIed g ussa ey fiwuuved

SVM 1% Siemoid Kernel Function F48@A910UN9 2 1aLEDS HAbUUUDI SYM LAy

a 1 a

Aaneaasiuneswrnseutuutns nuUsramifisuwuuieivilsifeiNsiassanumyes

Y

Wwaduszam aen15ld Kernal Function taglu paper #fuAgIiy SVM duazisansn

a =

wlslunisanduladn auaudfvasdwysidsundaddlunisdnuassuiuvatelis

1Sen31 laseadne (feature) drunisidaniiininumuizaufgasondn lasaasislunis

v A

ALdan (feature selection) ANUIULTAVDILATIAS19NLTDTUSTUNTANTY (WU LOIVBINT

1%
tY 1 Y

A ¢ = ! s ) 2
ANLIIAIANITAU) LIBNIT LINLEBST (vector) AYUUIALINUIYUBIAILUY SYVM ABNNS

9 9

o) <

Uszlevlaanannssuuvanedinuliennguvesimnesiunsaiinevilanguvaiiuys
Wwisnefieg t1emilavesseuny kaznItivenNauaunognassuIuAeiy Junnesiegdns

(%
v

STUNUNABLRYIMUATLLTIIZITENIT FNNEsALINKN3 (Support Vectors)

3.6 AnwdgyyraunlaainnisInannIsiunEay
fifnasesdudiuiu 3 au lngunaedauas 3 ASY AI8LAT09ATIITUNALLTD

Myoware muscle Sensor Wag dianlnsn Feis1eazidenninnsnem 3.1, 3.2 uag 3.3

= i = @ v &
13799 3.1 LI81VDINITNAEBITENINLATBINTIIIUAANULUD Myoware muscle Sensor Lay

Biopac EEG100¢56 At 1

Myoware muscle Biopac EEG100c Level of
Subject Sensor Sleepiness
Start End Start End (0-5)
1 13.00 13.15 13.00 13.20 3
2 14.46 14.55 14.46 15.03 aq
3 16.10 16.24 16.10 16.17 3



http://crsouza.com/2010/03/17/kernel-functions-for-machine-learning-applications/
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a ] = Y} o &
N1919N 3.2 LIA1UBINTITNAABITENINAUATRIATIIUNAULUB Myoware muscle Sensor Lag

Biopac EEGL00C57 Assii 2

Myoware muscle Biopac EEG100c Level of
Subject Sensor Sleepiness
Start End Start End (0-5)
1 08.43 09.06 08.43 09.05 3
2 10.32 10.49 10.32 10.47 3
3 11.53 11.59 11.53 12.03 a4

A9199 3.3 1A1TINITVNADITENINNLATOINTITUNAILLLD Myoware muscle Sensor Lay

Biopac EEGL00C57 Assil 3

Myoware muscle Biopac EEG100c¢ Level of
Subject Sensor Sleepiness
Start End Start End (0-5)
1 18.15 18.29 18.15 18.25 a4
2 13.59 14.06 13.59 14.09 a4
3 15.12 15.37 15.12 15.44 2

NNHaNTIARDszLiuliiEvAaesau 1 Biopac EEG100c Uanreu 2 Myoware
muscle Sensor tJudawiu 2 Tu 3 ﬂ%ﬂ Qjﬂnﬂaamuﬁ 2 Myoware muscle Sensor ﬁmiﬂqﬂ
n9U Biopac FEG100c Wudhwaw21u 3 ﬂ%’j\‘i ;;’J:Vlﬂaaﬂﬂuﬁ 3 Myoware muscle Sensor 3l
nsuandeu Biopac EEG100c tludtuau 2 Tu 3 afs eswznanlunisuanduasduiudiy
sgfumIRNMRnDILaray Fafunanisnaaedlunsaasiiuldin Myoware muscle

Sensor Way Biopac EEG100c fuszansnmlunimaassilnalfesiu
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NAN1598

MNINARDUNDANYITTUUATIVEDUILEE N TUBUNAULUUDR L WTRnd ey gy red Lol

YY) o A o

19 & o A & vl | A
nanuilosududyaraliihilaiedisUgniitunaulussugaidus iaulugiaain

v Y

WAL LAADINNSIREN199LAATUNAINITIUNEU Br8iNUsEaNTA1nA15vinauly

W a Y a wa = ° Yo vawy =~
senineiy wazanlanianisiindeianatauwazgUiiveg Feanunsathluldlafugndeanisiu

naulunandus fenuidstasiauniszuuinislnuisuazdvssdnsawd miunisday

Jannsaunau

4.1 awsINsTUUMBILTiTiEue

AMsThIuYesIEUY fe Wesudyaaliihaduidewasdygradniiniala
L‘LJ%EJ‘ULﬁEJ‘UﬁUﬁ@@mﬂWﬁ’]ﬁﬂJ@ﬂLﬁaﬁuﬁﬂLLﬁSU%UUEQﬁ@ﬁyJWm%mgu@u%éJU dlolddyao
foyameesazyinnsatnnuinvauzidulasSuunszermsueundy eduunszeznsuey
nduvestoyaldudasiieyaiidluulandugnddaiteihluandiiundulunadunrie

Uszgnainiugunsal

EMG and ECG . Signals EMG ECG
A . - P - = . - N
Signals Acquisition TEprocessing Segmentation Features Extraction

|

Sleep Stages

Detection
EEG Sleep Stages
Detection:
Stage 1 and Stage 2 l
By Experts

Alarm System and
Power Nap Evaluation

UM 4.1 nsaumsvinuvesssuunsiudyananauiiowasdygadniimila



4.2 sanuuudslunsinudygiu

4.2.1 E‘ULL‘U‘Uﬂ'ﬁ‘VIﬂaEN

4.2.1.1 dygalniindnde

M19199 4.1 JULUUNIaaevesdyaaliihnd e

Sleep Eye Muscle
Stages EEG Features movements | contraction
- Low alpha
wg)ve (8-13 SL(L)LW and
- rollin
1 - High theta fashiogn, and | Abrupt
wave (3-7 Hz) relaxation
- Vertex
spiked waves
- K-complexes
2 ftggfr)wdtes (12- Finish Decreases
14 Hz)
- Slow waves
3 §<Dél'{|§)steep Finish Decreases
(20 - 50%)
- Slow waves
4 E<D%l‘t|a2)steep Finish Decreases
> 50%
- Low voltage | Periodic
REM - Sawtooth intense eye | Paralysis
waves movement
nAToneumila

a9

NENAYIUTINTUNNN8RTIIIUIZEZNITUBUNAY 1Y

17 ear-EEG dmsun13ns9dussasn1sueunauiiuiu [23] Yu et al laaSansldnaanuas

FCG way EEG @sun1saIbunseayn1suaunausntudfdinsunisuseifiunisiunauauly

anaedu [24] MIundudanafsenunviinuniiaunadugs [25] dyanaiaaesisiuniy

Tanuudugi 94.12% wafdefivaianainilaimdsulnisnenie Salih et al loausnis

HANNAIUYDY EEG wazdeya1aulin1mdug 1w EOG wag EEG [26] \1dnausnmansay

EEG Tulatuuiian EOG vesnvuazdiy wagdyeyin EMG anailodannninudunus

FENINANAN YU IAILIANMANRALILEYNITUBUVAY ANGNYMsawalaunsatunly

ieduunsrezn1sueuVAUliRg1918 wanINU Hyungjik WagsIua1U [27] tausn1sdwun

srernITuaUnaUsnluliAlagly EEG uar EMG weUsuusannuuiuglaeldds support

vector machine (SVM) l@ueNIIUNITeEN1TUunaUluSEE REM Lazseay N1 liewae
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diuaruusiugh uonanil Westgard uazd{saueu [28] Wn1sundsesnuidily EMG ves
ndnile trapezius furuaziudisuar TN aduresilagnduiinaaen 24 Falusan
fiinsumsveassiifiaunnd 27 au rede RMS vesdryans EMG Franainisisiuresile
Auasieauazideaian 0.2 Ul sErinanisusundy EMG uanatianasneaiiads
Lounagaillaties Jeuegianlutieniiud 0.05-0.2 Hz

4.2.1.2 dygradlndiiala

1) Wake

s PP PP P P P VR P S 1 P PG P P P 1 P D P P A P O P

10een/ery  25mm/sec
JUN 4.2 dyayrauliiliinlavessiu

2) Stage 1,2

o, P 3 T L S T e R e R SR R M R s R T

10mav/my  25em/sec

JUN 4.3 Fyaaliihilevazusundudngsseynsuoussesi 1 uaz 2

3) Deep Sleep
el oot bbb bl bbb bbb b b b b b b e b e

00:2208 s,

10mm/my 25/ see

UM 4.4 dyaraliihilavasueunduidingssegnisueunauan
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4.3 N13lANVBIFYYIMKATNITUTTUIANS

[%
Y

duaraliiinduiladalasldounsalnFenintiindygyia (Electrode) 39

NANLUBUSIINAD ILUNTTELNISUBUMAULALLNEUINEIa EEG (FEG100C) waunavig

AR}

'
[ [

\wasTisnInveny 50,000 uay gyl EMG (EMGL00C) wounaneieasiisnsivens 2,000

[

Feousafumheiudeya MP100 910 BIOPAC d1wsunisinwaztudindyayias dnsinsgu
o oA ° a' 1:4' = Y]
Meag1afe 2,000 Hz danlglunsmszegnisusussesians lnen1saaauaNudvesdyyIu

EEG @99zWa15001AdYU Theta 7151108 4-8 Hz Iagagyinnmsindygradvilindsiilouiiim

o [

mwwmamﬁaﬂ NUUAY YUY

T o g7

Y = o AV v &
ARAILLATBY Myoware muscle sensor dananlaiiu

[ o

nasludagunsal DAQ NI USB-6009 iievinn sulasdgyaaaindyaiaeudondudyayiu

A7)

e

AnoaLaIgRouTIMES
dwsunislaunvesdygraliiindniie ladinsiadygialwiindule EMG
Ingvinnsfndidningn 2 Mundsivsaundanilowaginesuasnafideaduandlugud

4.5 liawmasnsoinuiguuvazuidenndanuidnesn 10 13sad iovdndyyia

v o =

wlanUasuainnisiadeuln Ansesweurden 50 Hz wevdndgyarusuniuluaeln wazd

o

YY)

nsiadygraliilandiuile EMG AaelaTeens2930na1uLile Myoware muscle Sensor
a v & o oa U YU oa e = a v = £% =~ [ ' [y
Ushanauiedinideanudusianinsadeegsnflnilsuasduns weidunisgaauuandiany
Y94n137119u dyayrar EMG nduiinbignduunilusseznisusundussezl sveznisueu
VAUTEEE2 UAY SEUENISAUNEN FITMuAIINFUWULEY QI EEG (AT19dausigangnilag
ALTEYYAUN SRR UM ) I iinasivinaaa Uit IunaU 1aginn157AsAn Baseline nou
A . v ! | a S
N15MAERY UagiiloA1 Median Frequency TadinadpusAazAl tud193a1 5 Fu1il 1ty
navaziinAuLanAvedyg it lusznesUnAnazd9reE NS U UT LYY AR
Inefidenansdnsunissuen Ae Bldnlnsadadounsludunsassudyaunasladymiuoun
[ 1 [ [ aa P Y o 14 1
deauaziiunswlanludyginsinealay DAQ elvidyyiuaiuisadngnszuiuns
Uszananadygrafdnoalulusunsy LabVIEW udaitnisnsesdyaraniietluleglussuy

wahszuulUnanINanIunAin Graphic User Interface: GUI
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SUN 4.5 fUnananLile upper trapezius muscleigure
Y

o

dmsumislsumesdygralnihlainlpenisdnandidninsadiiesudyaalag
Anduantnsn Lead Il type: R-pole szminanszgniviaiiuasdlasafigeanissnuein L-pole

(reference) AnTenInanseantnUaIFkasdlasefiaeaniswiugte  F-pole (ground) Ain

=3

seninavaunseanuineniuglasein 5 dauanslugund.s Juiindyaraldivilanasans

'
1 Lty ¥

Au ntuamnTuinllagitaaululusunsy ECG Viewer Manager Uuii® tiens980uUmi
Tuiinlldmiunisesivasunaasullasesdganalulnasszus Msuounay
N13nTIdeUsTEENISUeUME UldRaN TR HR Saududyaralviniilalaeduiin

naBAYIaAUAIY PC-80B Easy ECG Monitor Lgudukaunataty Pillow sleep @e3utayanis

L2 2V

UBUNAUINUNFNNSAIDNTLNDAIRUAA1TIURBULUasY B8R INIse U s laliossuynns

]
=

yaundulasuly auddetazidunissesnsusunausEeen?  sadussosunsauianiiag

9

AUTUINNNITIVNAU

=

gﬂﬁ 4.6 389 PC-80B Easy ECG Monitor dwiunisduiindaanadluiniile
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4.4 MsIuunvnIany (Classification)
sruunmsinlaungunsalindmya EMG uag g EEG inUszyndinisldanu
FaUsEneume9asueedyaIad Instrument Amplifier Wiieveedy uandaIBidningai

A7)

8n31U818 5000 Wi HIUANTNTOISYQIMMUUBUABNMIEY Band pass Filter i 100-1000 Hz

dwsudaal EMG way Band pass Filter 7 0.02-100 Hz dn§udayauas EEG wag Band
stop filter 71 50 Hz, 100 Hz, 150 Hz, 200 Hz waz 250 Hz dmfudyaias EMG dyauios
fana1barunsiieuyseaniaindvaunsalluviesufuRin1svesusen BIOPAC System
fyailéiannnnsta EMG uay EEG azgndsludagunsaluuasdnyanas Analog Wudyan
Digital ¢¢ Data Acquisition (DAQ) #ngdnsianudnsdudayanni 2000 Hz L‘ﬁadﬁauﬂa
lﬂé’aﬂamﬁamai‘ﬁaﬁwmsﬂszmamaé’aujzyﬂmﬁlﬁmﬂmﬁmﬁgwm aggnuuseanidu 3 ¥
A9 129 Baseline 129 Stagel wag 979 Stage2 Ineany Baseline launannnisindgana EMG

[

Avuivdygiad EEG Tutraia1un@noun1suounay wazeie Stage2 lau1annnisin

—

Feyy e EMG WisuAudgeyiad EEG Tugn1suaunaussus 2 5efilsondn nauau Aons
uaundulutiedu Wuaawitlilaguidassunivainaeusn tussezusniiinisuduogi
wiase urdslifinsilu laglivininAvarvedyann EMG lutae Baseline unvianun 30
a a ' & a a A o ) a a ad
U WAz Stage2 1NIUNA 180 U e NIEs 1IN TdmeslnuldonIsn1sUsELIaKE
dyey1al EMG wuv EMG Frequency Signal Analysis @9vilonlaaanasidinasnavun 5 A1
741 1) Frequency Median 2) Frequency Mean 3) Frequency Peak 4) Power Mean 5)
Total Power
a U U a ¢ 1% dy 1 1

STUUATIADUNITIUNaUdQIa EMG Luuisgalnl ndailelunsazdisnisueu
navanusaskeliAuauwansslulsagssarnsusunduls a1uldld linear discriminant
analysis (LDA) and support vector machine (SVM) Ll d6unsz82n1TUaURa uuaId g1
EMG aantdu 3 seey (Syozfuuau seoensUsunauseasi 1 Lagseuensusunausyes?
2) \lonsiadeulszansninvadusasauaulfuaznisidenin EMG lae LDA Wuwmafiafily
Tunisdnuunudavauaudanislunindanuwdsusiusiudulag linear separating
hyperplane. SVM d1uunlaglddanessy numdulssansuazairadundsioyadunveiey

FEUULNTUT
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4.4.1 mansAafines
8.4.1.1 Fyanalringuie
Amnsdimesiildainnisussnanadayin EMG azgninuiinsvies
meudusaudnvaslawunausseuivesdygna iensatuianssumesniile
[28-30] Inelamunanagldnsafulugaanat Inwunuildnnatuanudivesnduiie
iiethamesteyaiildinfinsaniseuiisutoyavesnsiuusunaznisusundu Tumsiden
amsdwesfizilulddrmnsfimesiiasiiluld e 1) A1 root mean square (RMS) 2)
A1 variance (VAR) 3) A1 frequency mean (FMN) wag 4) A1 frequency median (FMD) 1ag

Tgnsiiansan dsil

1) root mean square (RMS):

VAR = (x—%) (4.2)

4) frequency median (FMD):

1 M
FMN == > PSD (a.9)
2 i=1

=

AMSEMaTTIMUNLALY 3 939 ABTEEENITAULDUY TEEENITUDUNAU
LAY STETAITUBUNAUN 2 Nszezarduaruuniuni uazasieyntaya 8 way 16 Aiee9

AANYTLARZREIUTENBUMEYATEYA 120 4n (40 YnvayaluszuzAuueu Yadaya 40
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YALUTPEENITUBUNAUT 1 Wagyadaya 40 Yatussuen sueunaun 2) Auaudi EMG Nlaun

[

Pf Aunadlanadl:

pf =(Pf(1),PF(2),PF(3),..PF(N)) (4.5)

4.4.1.2 dygralniila
Amimesrasdygralwiilaszmanuduiusiuasnsnseules
vlalutiamsususzeziiaes Tasaiivudinlfazgniuiingn 9 30 Juni nafduiinliazgn
Weufuszesnansueundulusenndiadu Pillow lasagldanadesnsnsduresiilaly
LAl wagagynandosuunasgIuvessnmsduresialalaeduannaunis

Aoluil

Z H R stage

avgStage \ X (46)
2 2
HR —HR )
HRs.d., . = — — (a.7)
n
R —HR
%From normal = == A 1100 (4.8)
RAngtage
—HR
9%From - Stage2 = | ———" Lt 1X100 (4.9)

R AvgDeep

AINUUILTIANUDSIFUAPIIULANAIIUDITNTINTA UV TATENI19NS
U Q{' = =1 U 1 dl' U a o t:ll U 1 t:’ll
YDUNAUTLEENADILATNA VAN UNUTIAUAUNR AUINANNIST 4.8 semplUll wazun
dl 1 % dl 2 2 = dl
ANMULUASULUAITENINNTUIUNA USEBEN@RINUNaUaN naun1sh 4.9
4.4.1.3 MIUUNULIANY

ANSLASHUTTUUNTIABUNNISIUNAULAY EMG huULS 88Nl HaNTSUUDY

% d’{ 1 [ < 1 o % d‘l’ % c’l’
naUL el ULARYS L UL NTUAUMA UANLNTAMILANULANANTlUNSURsvRInauLlela seuull
19n153AT127 linear discriminant analysis (LDA) Wag support vector machine (SVM) Litg
MuuanaNuazYes EMG oanilu 3 Usziamfe n1shiuueu szaznsuaunduszesil 1 uas

JLYENTUBUNAUTEEEN 2 LilenTideuUssAnininveuiazaudnuiziaznIsiden lead
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vosdaalviinduie LDA Wumaladnldlunisdwunussinnvesusaznuanvuziie
. . a o oA o Y] s a v °
covariance matrix \iigafiutioweniusandainiulaglaiosinauuenidaduy SYM 41uwun
Uszianlaglddane3fu n1susziliudanefunisuenqudnuvuzduunnuinmy 8nsn
TORANAIAYBINITTIUANLIANY @111501E LDA Uag SVM ATUIAINNITNAADULIE
ATIVERUANANTR FA1UrUITDINALLLD YWIANTIRIN LAgTIUUNTEEENITUBUNAUTUEN 1
wag 2 91NA5N7 4.2 wananmsussiliugaandivagnsisunviiavy TeRanainiaiuves

NUIANLBETENINN 14.8% 9 35.2% L51@1u150dunalandeianatnduni 14.8% 11N

Y

[

AENYaE FMD U 4 Juniivemitinaeainnanuiile trapezius aunsavinlalagly LDA

ELDA mSVM

334417
24.2 25
208 - 22.7
I I I 168I
RMS VAR FMN FMD

Features

N W w b
o o o1 o

= e
o o

Classification Error (%)
N
o

5UN 4.7 JelianannveIn1sIuUNIIAMLIINNAae upper trapezius muscle.

m| DA =mSVM
25

20

20.7
15 156 14.3
11.6
10 I I
0

RMS + FMN RMS + FMD
Features Combination

ol

Classification Error (%)

UM 4.8 UaliANaInveIn1sIRUNMAIANLANNA1LLD upper trapezius muscle.

SUN 4.7 wananisuseiiiuanandfainndiuiiie upper trapezius A3

12 |

W69 4 U FITMUNAIUNITTIIRUNYITEAN LDA L31a1unsadunalainaauaud® FMD,

RMS Uag FMN a@nunsadenalvifiannuwdugiunnndt 75% Aeiius1desiunadnuaesingg e



57

WIsuiguUseansnn wasnadnsazuanslugun 4.8 n1357uAUv8s RMS Uag FMD vinlut
AnAMULNNE1E9E4 88.4% L3IMUIIN1SIAUTEAN FMD faedanea3tu LDA vihaulasndy
SYUU SVM A1nHan1snageu 13114 RMS, FMD wenAudnuuzuay LDA dmiun1sdwun

sreENsUaUNAUlUSEUUNSIVEBUNSIUNEURUULS 8 bnaiAly EMG

M19197 4.2 M3UssiiiugaandRnagnsTunLIavy

Average classification error
(%)

EMG
Features 4 seconds 8 seconds

LDA | SVM LDA | SVM
RMS 21.3 254 263 | 215

Masset I yar | 281 | 325 | 343 | 308
er
FMN | 257 | 3087 326 | 292
muscle
FMD | 213 | 226 | 239 | 201
RMS | 208 | 242 | 268 | 33.7
Upper
trapezi | VAR—| 3347|317, 7352 )| 328

1 FMN | 25.0 204 | 263 | 21.6

muscle

FMD 16.8 227 185 | 204

Mean 23.8 263 280 | 27.8

4.5 STUUNs Y IR UADNNINDS
N1999NLUU software d19SUTEUULTDUADAYYIUTINITUNNGTUABUNILADS
= .
%39 Graphic User Interface aglglusunsy LabVIEW Tuniseenuuu Inelusunsy LabVIEW
9¢dl Front Panel FuUsuiadioudvasiifldosiiuiazaiuaunisinnu gldauisaadis

o

sUkUTULeliagTInE N gl sunsu LabVIEW Sdudszneusine Ailddmsusenuuy

&

NUI0UINUIY LU FDLAAINARUUDDALAALATU Yunyu (Dial) waz a@Ind 1udu lag

LUsunsy LabVIEW 3gUanIualazAIuANNIT19IuNIUNI9AaNiIlnes Nundiudeu



58

1Usunsuagi3anI1 Block Diagram tUSeulaiiounu Hardware neluiainsiindn laglusunsuy

I3
v A !

LabVIEW azideulusunsalaserfogunmludiufiazuansszuutiufiediuyes Front Panel
vidominiln ssidudilidornuiuseninsdlifulusunsy (v3efdoudon User Interface)
Tneiluagidnvumiloutuniliavesveaiosdieniogunsaifldnudunisianieg lu
TneyhluazUsznouse ainddaln Uuda Juna suannavideusiudaiigldamisaiun
Front Panel Haz3suiaiiowdiu GUI vaslusunsuvide VI nmseonuuutiuasdumsoanuuy
TUsunsudunuvasuanwa dnsldfeidu Boolean Tunisadns Square LED waz Boolean
(TRUE or FALSE) Lﬁaﬁﬂﬂ%ﬂuﬁawaﬂmmamamumaqﬁﬁ&mqqﬁgmmmiwﬁwaa

Front Panel

A Lower Cut-Off  Upper Cut-Off
= Eas Lower 02 UpperCu-ofr2
00015 R
0.0005- = 0 Median F
0
0,005 3 Mean F baseline 10% Wahet g 2
-0001 ¥ D 8 y
'Bs . — Menf 0 E
O 01 02 03 04 05 05 07 08 09 1 0 50 100 10 20 250 30 350 40 430 50 000
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AU R LERUAISENINITuRoUN SR UNAUTEEEN 2

A15199 4.3 USLANSNINVDITEUUNTII@DUNSIUNEUAIE EMG

Hours of Level of Time: Start to
Sub. Sleep sleepiness stage 2

last night | Before | After (minutes)

1 5 Medium No 13.28

2 6 Alittle No 13.44

3 6 Medium A little -

a4 4 Quite No 12.41

5 6 Medium No 11.29

6 6 Alittle | A little -

7 5 Quite No 10.48

8 8 No No -

9 5 Alittle | A little 21.33

10 7 Alittle - | A little 15.52

11 7 Quite Alittle 23.20

12 6 A little No -

Average time 15.16

Note: “- “is defined as did not fall a sleep

Tunrsneaeslaglddyyialiiiilanie ECG oraralnsunaudisinlunis
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AU L-pole (reference) gnindbiseninansegnindaniuavalaseiaeinisiiugie waz

F-pole (ground) gnieseninavaunsegnvineniualasei 5 ECG gniuiinaaenansdu

A15199 4.4 A19RIINITHHI UV LATENININTUBUNAUAIE ECG

Subject 1 Night 1
Max Min %Max HR %Min HR %Avg.HR %Avg.HR Duration
Stage SD HR Avg. HR
HR HR from normal | from normal | from normal from Light (min)
Awake 74 85 3.6094 60.85 0 0 0 - 10
Light
82 56 3.6582 60.482 9.756097561 -3.57142857 -0.608565737 0 a2
Sleep
Deep
70 60 2.039 63.32 -5.71428571 3.33333333 3.900821226 4.482110375 50
Sleep
Subject 1 Night 2
Max Min %Max HR %Min HR %Avg.HR %Avg.HR Duration
Stage SD HR Avg. HR
HR HR from normal | from normal | from normal from Light (min)
Awake 100 60 6.0633 60.85 0 0 0 - 36
Light
73 57 2.7516 61.532 -36.9863014 -5.26315789 1.108781127 0 31
Sleep
Deep
68 60 1.7385 63.333 -47.0588235 0 3.921052632 2.843803056 8
Sleep
Subject 2 Night 1
Max Min %Max HR %Min HR %Avg.HR %Avg.HR Duration
Stage SD HR Avg. HR
HR HR from normal | from normal | from normal from Light (min)
Awake 94 58 7.6212 65.322 0 0 0 - 29
Light
62 59 0.8624 60.273 -51.6129032 1.694915254 | -8.377431807 0 11
Sleep
Deep
66 58 1.7577 61.722 -42.4242424 0 -5.832278143 2.34841666 10
Sleep
Subject 2 Night 2
Max Min %Max HR %Min HR %Avg.HR %Avg.HR Duration
Stage SD HR Avg. HR
HR HR from normal | from normal | from normal from Light (min)
Awake 92 62 6.5374 66.923 0 0 0 - 20
Light
62 59 0.857 60.375 -48.3870968 -5.08474576 -10.84567606 0 12
Sleep
Deep
. 74 57 2.0111 60.823 -24.3243243 -8.77192982 -10.02961659 | 0.736212279 39
Sleep
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NNAANTVDINITAIUIUIUAITIN 4.5 A1 HR 1389R51NSLAUYIILA LR
A1EEA AgaunlulAazYd19veINITURUNAU Luteanu 3 439 Ao Awake, Light Sleep
(Stage1-2) uaz Deep Sleep waziimady ALJBLULNINTFIUTOMARZY azlaosiud
WguA HR 999%929N15UDUNEULAAEYIAUADUANIILANAINTY 108 % (HR, e — HRign)
Wiguiiguiu Awake W98 % (HRygn — HRyeep) bUSBULIBUTENING light sleep U deep

[ ]

sleep N BHINIINTAUYRINI LIV ARALLBLTNYIFY NI TUBUNSUTINANITNARBINTY
fungefa1nlun19199219iu371999 light sleep AITILARINTIT deep sleep &9 HR 984 deep
sleep agvdUAUNN I IRENNTOLEAYINTUBUKAULARN HR Ll light sleep way deep
sleep gUAU awake aztulaI1A7 3.71% 910 light sleep iA1ANUA1ININAIT 1.25%
970 deep sleep haziloiUssuiiguiugnsnstauteIRalasening light sleep U deep
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M15199 4.5 ALRAYUBIBRIINSHIUVB I INE ECG

Stages
Awake Light Sleep | Deep Sleep
Maximum 90.00 69.75 69.50
Minimum 59.50 57.75 58.75
Mean 63.04 60.79 62.25
S.D. 1.47 1.21 0.14
% (HRowake = HRught) - 3.71 1.25
% (HRyght = HRgeep) - - 2.36
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Abstract—This paper proposes the development of
automatic sleep stage detection by using physiological
signals. We aim to develop an application to assist drivers
after drowsiness or fatigue detection by a commercial
driver vigilance system. The proposed method used a low-
cost surface electromyography (EMG) device for sleep
stage detection. We investigate skeletal muscle location
and EMG features from sleep stage 2 to provide an EMG-
based nap monitoring system. The results showed that
using only one channel of a bipolar EMG signal from an
upper trapezius muscle with median power frequency can
achieve 84% accuracy. We implement a MyoWare muscle
sensor into the proposed nap monitoring device. The
results showed that the proposed system is feasible for
detecting sleep stages and waking up the napper. A
combination of EMG and electroencephalogram (EEG)
signals might be yield a high system performance for nap
monitoring and alarm system. We will prototype a
portable device to connect the application to a smartphone
and test with a target group, such as truck drivers and
physicians.

Keywords—Electromyography, Electroencephalogram,
Light Sleep, Napping.

1. INTRODUCTION

'HE growth of the global economy related to the

manufacturing and transportation industry sectors is
rapidly expanding. An employee is an essential part of a
successful business. Therefore, physical and mental health
should be considered. Good sleep quality can provide
excellent physical and mental health. Workplace safety and
the establishment of a healthy environment are generally
managed by the occupational safety and health (OHA)
department to prevent and reduce accidents. In addition,
employees who work heavy workloads and overnight shifts,
such as doctors, pilots, drivers, and factory workers, can
experience fatigue and sleep deprivation that causes accidents
in high-risk industries and severe medical profession errors
[1]. Fatigue is one of the barriers to successful work. Mental
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and physical exhaustion can

lead to a lack of energy and tiredness, reducing the ability to
perform work safely and effectively [2-4]. To reduce fatigue, a
15 to 20-minute power nap can reach stage 2 sleep (light
sleep) and refresh the body and brain to alleviate sleep deficits
and fatigue [5].

One-third of human activities involve sleeping and resting
at night. Sleep efficiency is related to physical and mental
health. Sleep can help repair the body, aid in growth due to the
secretion of growth hormones during deep sleep, stimulate the
immune system and help with memory, including resting the
body. Therefore, adequate sleep should be an average of 8
hours a day [6-7]. The sleep cycle oscillates between nonrapid
eye movement (NREM) and REM sleep when classifying
sleep and wakefulness. In NREM, a complete sleep cycle
generally takes an average of 90 to 110 minutes following
sleep pattern sequencing stages 1, 2, 3, and 4 and REM sleep.
Each sleep stage takes between 5 to 15 minutes. Sleep stage 2
is light sleep. Moderate sleep occurs when the brain waves and
pulse slow down, consciousness disappears, and eye
movement stops. Stage 4 is the deepest sleep. This period lasts
approximately 20-25% of the total sleep time. The eyes are
rolling periodically. Dreams will occur at this stage [8-10].
Currently, medical technology can analyze efficiency and
monitor sleep behavior to indicate sleep efficiency or sleep
disorders. An electroencephalography (EEG) pattern is used to
identify sleep stages. The physiological changes in each sleep
stage are summarized in Table L.

For a career that requires working during sleep hours or for
long periods, the practical guideline for reducing fatigue
symptoms can involve taking a short time nap to refresh and
awake the body and brain. It takes approximately 20-30
minutes for the body to rest to stage 2. A power nap can
replace sleep for approximately two hours per time. In
conjunction with 3 to 4 hours of sleep, a study of 200 flight
attendants who worked 9 hours per day found that taking a 40-
minute nap per day led to better alertness and productivity.
Another study, which linked shifts with other volunteers,
found that people who took a nap for 20 minutes a day had
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better alertness performance, skill, and mood. The research
journal Sleep has stated that the best nap interval for reducing
fatigue and improving learning ability is between 10 and 30
minutes; a nap for more than 30 minutes will result in
drowsiness symptoms [11-13]. Sleep efficiency is obtained by
using the polysomnography (PSG) technique. This test must
be performed at a hospital or sleep laboratory by using a range
of equipment, including EEG, EMG, and ECG machines,
blood oxygen level meters, snore sound meters, breathing
monitoring devices that consist of probe on the nose, chest,
and abdomen, and other devices, such as video recordings
from CCTV cameras [14-17].

Table I. Physiological signs during each stage of sleep.

Sleep N Eye Muscle
Stages ERG Heatures movements conftraction
- Low alpha wave
(8-13 Hz) Slow and
- High theta wave  rolling
1 (3-7Hz) fashion, and Abrupt
- Vertex spiked relaxation
waves
- K-complexes
2 - Sleep spindles Finish Decreases
(12-14Hz)
- Slow waves
3 R gelzt:{szl; ep Finish Decreases
(20 - 50%)
- Slow waves
4 R })(elztal{szllep Finish Decreases
(> 50%)
Periodic
- Low voltage : .
REM intense eye Paralysis
- Sawtooth waves MOVERicat

Previous research has also used biomedical signals for
sleep application and ear-EEG for sleep monitoring at home to
accommodate the user [18]. The use of ECG and EEG features
for automatic sleep stage classification for daytime short nap
evaluation was demonstrated by Yu et al. [19]. A power nap
also has positive effects on people working under high
supervision and pressure [20]. The combined two signals
provide an accuracy of 94.12%, but there is still an error when
physically moving. A combination of EEG and other
biosignals, such as EOG and EEG, was proposed by Salih et
al. [21]. They presented time-domain EEG features, EOG of
right and left eyes, and chin EMG signals to observe a
correlation between these time-domain features and sleep
stages. The proposed feature vector can be easily used to
classify sleep stages. In addition, Hyungjik and collaborator
[22] proposed automatic sleep stage classification using EEG
and EMG to improve accuracy using the support vector
machine (SVM) method. The model presented the
classification rate in the REM stage and N1 stage. This model
helps to increase accuracy. Furthermore, Westgaard et al. [23]
used low-frequency oscillations in the EMG activity of the
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human trapezius muscle during sleep. The surface EMG
signals from right and left trapezius muscles and the heart rate
were recorded over 24 hours from twenty-seven healthy
subjects. The root-mean square (RMS) of EMG signals and
the heartbeat interval time series were calculated with a time
resolution of 0.2 seconds. During sleep, the EMG activity
showed long periods with stable mean amplitude, modulated
by rhythmic components in a frequency range of 0.05-0.2 Hz.
According to previous research, we aim to observe the
feasibility of using surface EMG signals for a nap monitoring
system based on automatic sleep stage classification.

This work proposes an automatic power nap device using an
EMG signal consisting of two main parts. The first part is an
algorithm, and we verify skeletal muscle characteristics and
EMG features during sleep stages 1 and 2. The second part is
implements and tests a power nap device based on EMG,
which can detect stage two sleep and wake the employee to
reduce fatigue.

II. PROPOSED METHODS
The assumption is that EMG signals generate a difference in
amplitude and frequency during awake and asleep periods.
This work set up the experiment and recorded EMG signals to
verify this assumption. Moreover, the extraction of EMG

I
EMG Signal EEG Signal
Acquisition Acquisition
N /
Marker
EMG Signal Sleep Stages

- Stage 1

=

Segmentation

- Stage 2
By Experts

1

Extraction of
EMG Features

1

Classification
- Decision Rule

.

Sleep Stages
- Stage |
- Stage 2

Figure 1. Process diagram of sleep stage classification based on
EMG signals.

features and sleep stage classifications were proposed. The
process shown in Fig. 1.
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A. Signals Acquisition and Processing

Ten healthy subjects (mean age 22 + 1.4 years) participated
in the test. The test started at 12.30 a.m. Before sleeping, the
EEG baseline in the resting and eyes closed states was
recorded for 3 minutes. After that, the subject would fall
asleep (for recording EEG and EMG signals during sleep
stages 1 and 2). Sleep stages 1 and 2 were identified by EEG
signals. An EEG amplifier (EEG100C) with a gain of 50,000
and an EMG amplifier (EMG100C) with a gain of 2,000 was
connected to an MP100 data acquisition unit from a BIOPAC
system data acquisition unit for measuring and recording
signals. The sampling rate was 2000 Hz. For two bipolar-
channel EEG signals, the electrodes were placed on T4, C4,
and Fz as a reference by following the 10-20 international
electrode placement. A 50 Hz analog filter filtrated power line
noise, and a 1-35 Hz analog bandpass filter was engaged to
record only the frequency range of the EEG signal. For EMG
signals, two bipolar-channel EMG signals were recorded by
placing surface electrodes around the masseter and trapezius
muscles [23], as shown in Fig. 2(a) and 2(b). An analog high-
pass filter with a cut-off frequency of 10 Hz was used for
motion artifact removal. A 50 Hz analog filter was also used
to remove power line noise. The recorded EMG signals were
segmented into awake, sleep stage 1, and sleep stage 2
following the recommended intervals identified from EEG
patterns (visual inspection) by sleep experts.

}
g€ o R

(a) (b)

Figure 2. EMG signal acquisition, (a) masseter muscle location, (b)
upper trapezius muscleigure.

B. Feature Extraction and Classification Algorithm

The recorded EMG signals were segmented into baseline
(awake), sleep stage 1, and sleep stage 2 at four and eight
seconds to generate feature parameters using time and
frequency domain analysis. Four features were used to store
data for sleep stage 1 and 2 classifications.

Extraction of EMG Features:

Traditional EMG time and frequency domain features were
used for muscle activity detection [24-26]. EMG features in
the time domain are typically used to detect action during an
onset period. Features in the frequency domain can be used to
detect muscle fatigue. We selected four EMG features by
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comparing awake and sleep data. This is a simple
computational implementation for a real-time system.

1) root mean square (RMS):

1 N
RMS, = =) x O]
=1

2) variance (VAR):
N
1 i
VAR, ZN;(X'_I) )

where x, is the value of each part of the segment k.
N is the length of the segment (sampled data).
x is the mean value of the segment k.

3) frequency mean (FMN):
M, f,PSD;
FMN = 5w psp, ®)
4) frequency median (FMD):

M
1
FMD = ~
3 Z PSD, @

where f = i*(numbers of sampling rate)/(2*M)
M is the length of the power spectrum density.
PSD, is the i line of the power spectrum density.

Parameter setting:

The parameter is collated in three separate sleep stages:
awake, sleep stages 1 and 2, with a duration of four and eight
seconds, and a window size with 50% overlap to create 8 and
16 samples of data sets. Each feature contains 120 data sets
(40 data sets in the awake stage, 40 data sets in sleep stage 1,
and 40 data sets in sleep stage 2). The acquired EMG features,

are the set of parameters, can defined as follows:

B, =(1),R2).RQA)....B(N) (5)

where r is the feature parameters: RMS, VAR, FMN, and
FMD, N is the total number of samples, i.e., 8 and 16.

Classification:

To prepare a real-time EMG-based nap monitoring system,
muscle activity during each sleep stage can reveal a difference
in power contraction. This work employed linear discriminant
analysis (LDA) and support vector machine (SVM) classifiers
to direct EMG features into 3 classes (wake, sleep stage 1, and
sleep stage 2) to verify the performance of each feature and
EMG lead selections. LDA is a technique used to distribute
each typical class property with the same covariance matrix to
separate it from each other by a linear separating hyperplane.
SVM is a classifier using a supervised learning algorithm.
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SVM encounters coefficients and creates a line for dividing
the data input with the training system.

C. Testing and results

The proposed feature extraction and classification
algorithm were evaluated. Error rates of classification using
LDA and SVM were calculated from training and test data
sets to verify the features, muscle location, window size, and
classifier for sleep stages 1 and 2.

Table II. shows the evaluation of the proposed features and
classification. The average error of category ranged from
16.8% to 35.2%. We can observe that the minimum error of
16.8% from the FMD feature with 4 seconds of the window
from the upper trapezius muscle can be achieved by using
LDA.

Table II. The result of classification error of different features
and classification algorithm.

Average classification error (%)

ngu(r;es 4 seconds 8 seconds

LDA SVM LDA SVM

RMS 21.3 25.4 26.3 275

Masseter VAR 28.1 325 343 30.8

muscle  FMN 25.7 30.8 32.6 29.2

FMD 21.3 22.6 239 20.1

RMS 20.8 24.2 26.8 337

Uppe,‘ VAR 334 31.7 352 328
trapezius

muscle FMN 25.0 20.4 263 27.6

FMD 16.8 22.77 185 204

Mean 23.8 26.3 28.0 27.8

mLDA mSVM

ification Error (%0)

FMD

VAR
Features

RMS FMN

Figure 3. The classification error of each feature from the upper
trapezius muscle.

Fig. 3 illustrates the evaluation of features from the upper
trapezius muscle with a 4 second window, which is classified
by LDA classification. We can observe that FMD, RMS, and
FMN features can result in accuracies exceeding 75%.
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Therefore, we combined different features to compare
efficiency, and the results are shown in Fig. 4. The
combination of RMS and FMD achieved a high accuracy of
88.4%. We found that FMD classification with the LDA
algorithm works better than with the SVM system. According
to the testing results, we employed RMS, FMD, and both for
feature extraction and LDA for sleep stage classification in a
real-time EMG-based power nap monitoring system.

= 10 mLDA mSVM
()
= 207
3220 156
‘g {16,243
= 10
S
RMS + FMN RMS + FMD

Features Combination

Figure 4. The classification error of combining features from the
upper trapezius muscle.

III. EMG-BASED POWER NAP MONITORING SYSTEM

A. Proposed system and real-time processing

Following the offline testing results, we employed the EMG
electrode configuration and the proposed feature extraction
and classification algorithm to provide an EMG-based nap
monitoring system, as shown in Fig. 5. We aim to create a nap
monitoring device for workers who need to nap for fatigue
reduction to prevent an accident. The system requirements are
portability, reliability, and easy use. We tried to use only a
single channel EMG from the upper trapezius muscle for the
prototype using a MyoWare muscle sensor. We used an NI
USB 6009 multifunction data acquisition device to convert the
analog signal to a digital signal with a sampling rate of 1000
Hz. The proposed feature extraction and classification
algorithm was implemented in the LabVIEW program, as
outlined in section B of the proposed methods.

EMG H AD
- i Converter
Amplifier
; NI USB 6009
o MyoWare
e Muscle Sensor
Electrode

Figure 5. The proposed EMG-based power nap monitoring system.
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B. Experimental results and Discussions

Twelve healthy volunteers (mean age 22 + 1.5 years),
including five males and seven females, with six volunteers
from a previous experiment, participated in the investigation
to evaluate system performance for real-time processing.
EMG signals were measured from the upper trapezius muscle,
as shown in Fig. 2(b), using a MyoWare muscle sensor.
Before testing, participants responded to the sleep behavior
questionnaires. The participant took a nap with an office nap
pillow in a sitting posture and was tested during the daytime.
The proposed system automatically recorded sleep stages 1
and 2 with a time stamp. The proposed system awakens the
participant 5 minutes after sleep stage 2 is detected. We also
asked about their sleepiness level after finishing the test to
verify the assumption of a power nap period of 15 to 20
minutes.

Table III. The efficiency of the proposed EMG-based power
nap monitoring system.

Hours of _ Level of sleepiness  Time: Start
Sub. Sl:;]g)l:: st Before After ::'n::::xgt:sz)

1 5 Medium No 13.28
2 6 A little No 13.44
3 6 Medium A little -
4 4 Quite No 1241
5 6 Medium No 11.29
6 6 A little A little -
7 5 Quite No 10.48
8 8 No No -
9 5 A little A little 2133
10 7 A little A little 15.52
11 7 Quite A little 23.20
12 6 A little No -

Average time 15.16

Note: “- “is defined as did not fall asleep

Table III. shows the results of the real-time EMG-based
power nap monitoring system. We observed that the system
awakened eight participants with an average napping time of
approximately 15 minutes. The shortest napping time was
10.48 minutes. The nap time could depend on the sleepiness
level before testing from hours of sleep last night for each
participant. In addition, some factors, such as nap posture and
environment (light, noise, and temperature of the testing
room), could affect napping. MyoWare muscle sensors are not
flexible to place on the skin, which can easily affect signal
quality. Four subjects did not fall asleep, and the system
correctly identified the two participants who slept enough last
night but missed classifying sleep stage 2 of participants 3 and
6, who fell asleep. We also asked about the sleepiness level
after finishing the test to verify that the power nap period was
15 to 20 minutes. We found that all subjects gave a reasonable
opinion after taking a nap during the recommended time. In
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this study, we observed that EMG can be used for a nap
monitoring system. Nevertheless, the efficiency could be
improved by utilizing other feature and classification methods
and incorporating other biomedical signals, such as ECG and
EEG signals, when practical.

IV. CONCLUSION

In this study, we propose a feasibility use of EMG signal for
the automatic sleep stage classification for power nap
monitoring. We offer time and frequency domain features to
classify sleep stages | and 2. A combing FMD and RMS can
yield a high classification accuracy. By utilizing the features
and LDA classifier, we also implemented EMG-based power
nap monitoring to reduce fatigue and prevent accidents in real-
time. The aim of this system was to prototype and nap
monitoring device. The hardware-software system was used to
collect features of EMG to train LDA algorithms for the
automated sleep stages 1 and 2 classifications to wake up the
napper for fatigue reduction. The results show that EMG
signals can use for a real-time nap monitoring system. In the
future, a low-cost portable device of nap monitoring via EMG,
ECG, and EEG signals will be making a prototype to connect
with a smartphone application for nap quality evaluation.
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