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Abstract

This research presents a system of eye blink Morse decoding by camera.
In order to maximize both accuracy and efficiency, this system integrated many
algorithms. We perform face and eye position prediction by Viola-Jones algorithm with
Mixture of RGB (mRGB) color space which are used to create ROl and decrease excess
searching region. Meanwhile, Kalman Filter was operating to detect eyes and shortening
previous algorithm’s process. Moreover, K-mean classification was fixable to assist
further processes by distinguishing short and long eye blinks. These individual
algorithms would function and facilitate pervious algorithms to make the most efficient
way to interpret eye blink into Morse code for communication purpose. The result
shows and confirms that the efficiency of this process is 94.74%. Average speed of

system is 25 frames per second when works on OpenCV.

Keyword: Computer Vision/Image Processing, Face and Eye Detection by Viola-Jones
Algorithm with Mixture of RGB, Eye Blink Classification with K-means Clustering, Eye

Blink Morse Decoder
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MATeFublasanwuutazimurszuulandauldaulatluiiaiase lnenis
P11aUI5N15TUNITATINTUAAILAENITNDATHANDTAINAITAZWITUAT F1U15ALUINT

yeauvesszuueanidu 4 Tuneu fannusenoun 1-2

1. %umaumn?au;%f (Learning Phase) A® N19a5 1990 ULUANIIAIAAZIUI
Wuma9mn (EyeROI) \ieanszozandildUszananavesszuy

2. $unaun13MI293uTAg (Object Detection Phase) Ao n13UszeNs
n13735793U3ngRae Viola-Jones Algorithm LU Mixture of RGB (MRGB) Viola-Jones
Algorithm wieldluntsmnsaanluninuas MsAumsumlnn

3. Gﬁy'umaumiaﬂmui'mq (Object Tracking Phase) Ao n15Liiy
Usan5n1nlun13n 293 ULaZAUNIAILRLITDIAIAIMIINITASIINTZUIUNITAARIUAIIA
(Eye Tracking)

4. tumeunIanTHAdYYIMNDSE (Morse Decoding Phase) fia @314
ASYUIUNAARENNTSNENTUALUUAULAT LU UETIMAYES 19N T2 UIUNSLUaA UM 87N

NTNENTUAMIDNITOOATHAS Y Y IULDTAINNITNZNIUA



PRI
(Frame/Image)

y

%umumsm’aﬁu’imq > eﬁ’umumiggué’
(Object Detection Phase) < (Learning Phase)
Open Eye State—| \_Translate—
i ,
%"umaumi?mmu’;’mq SuseumsnansadyauNesE
(Object Tracking Phase) (Morse Decoding Phase)

N SLARINA
(Output)

AMNUTENBUN 1-2 TUHDUNITVINUTDITEUU
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2.1 WY

1. Detection of the Eye Blinks for Human’s Fatigue Monitoring [1]
YAUDITNITAALYNAN YL NITNENIUAN IRETIANWAEANULANAIITENINNNSUABUA WL
wAazAN (Frame Differencing) 3duiSn1sfiaunsatluuszgndldlaing nadnsnlad

ANNLNUgIUIUNaNe esanliaansaldfunimiiinunastudeunnng uagluniinasaing

v A 1 a) v
To8uIaUINNINUNRA LS

2. Efficient Eye States Detection in Real-Time for Drowsy Driving
Monitoring System [2] Unla@ueIsn1sAnuenanwazn1snensun lngldinaiaveslanoalu
u1IunNLASU (Local Binary Pattern) utduisn1sifiuszansamunnluniaifive aauta
yaFiuiui iliansossyiumiswainiem weldlunaiFeulfie Adaboost uazidiy
Uszansainveanisisousiienisld Cascade Classifier 3vinlvinadnslafinnuusiugl

AUTNR wiIsn1stinelinnsaydeteyavesiinia

3. An Effective Eye States Detection Method Based on Projection
3] daueisnsdauendnvaznisnsniunilagldinadanis Projection wienmmunives
AR ‘vTﬂﬁmmmﬁu‘w’]LLazizqG‘hLmﬂm’Nm’]ﬁgﬂ%’wLLazm’l LAIVIINITAAAILUSTA
(Threshold) tilafugnaniuznisilauazlnaem nadnsilaanisnisinussansnng us

AgymuAeiunsAnsnassuazldnunlun1TvinuADUTI9LIN

4. A Novel Feature based Rapid Eye State Detection Method [4]

UaUDIBNIANLENANEEN1TNENTUAT Ingltinaila Projection LIWOMAILALIUDIAIGAN



N3oUTTYIANINAI9Y89A9A7 (Circle Similarity) kazdiulAuean19m1 (Upper Eyelid
Bending Direction) LilaAnLendnIuzn1silauazrlnnann laguadwsnladaaiuliuei
ADUTNNA LALUNIENONINEIUAIUNTIABAILENITBINIANEAILNN Aglanaansi Ll

" A
NINAIT

5. Vision-Based Eye blink Monitoring System for Human-Computer
Interfacing [5] YauIvn1sAnLenanwuzn1snensuni Lagld Viola Jones Algorithm Lile
FEUMUNLIANUN9Z U099 9R A NNAENSTLAAINNTZUIUNIIAINE 1INV VBN
M2991 (Edge Detection) Ingldudniivineuiig (Active Contour Model : SNAKE) lilefinuen
anuzn1slakarlnnien) Geaansiladanuuniudngs wagisnstanunsanagldiuaiam
YDINYUENADUTINAN (1FuFed) Lad LTHesa1n SNAKE Wunsmveuvesingilidaunsaus

] a = 1 ' o ¥ aa S o @ v % o o A

vanjusnuaziiaugangugs uinsimedsnmsmveunuull 9ndusedddnmsiaivessy

Yauveding Jnibildhalunisussutanafeudiuny

2.2 WATIZHNTLUIUNISNNEIVD

nuiteuifgauszasdifeRaurszuunadunar hinszdnisdanen
Snuwaiznisneniuniiensnsiaueda Tnaldnimainndesinle Jenmsnvenszuiunis
M9UYDITEUU andsaluanszuIunseantilu 3 @ fie nszulunsnsraduluntiuay
A1901 (Face and Eye Detection) N5¥UUNIIANSATIVIVANIULUDINWAINIBNITATIATU
N13NZNIUMT (Eye State Detection/Eye Blink Detection) LagnszuIUNITAALENNITNZNIU

A" (Eye Blink Classification) Fannusznaudl 2-1

Face and Eye | Eye State Detection/ _ Eye Blink

A
A

Detection Eye Blink Detection Classification

ANUTLNBUN 2-1 WHURINTZUIUNITIUNNSYINUTDITLUU



2.2.1  N5EUUNITASIIVTUNTILALAIAT

nsgulIun1snsladuluniinaznieni (Face and Eye Detection) Ju

N3EUIUNTAUMITUNTILAENITTEUALMUIYBINIINT TanaansNtnaInnseuun1sll Ao du

a

Mszyindusiuniaueinin Junadennerdesiunssuiunmsnsaduluniiuasnem as

AMnUsEnaun 2-2

—)(Support Vector Machine)
—)( Color Segmentation )
Face and Eye
—)( Local Binary Pattern)
Detection
—P(MCT—based Adaboost CLassiﬁer)
—>(Viola Jones Algorithm)

ANUSENBUN 2-2 UIT8MNYIVBIVINTEUIUNTATIITULUMTNLAL AR

Support Vector Machine (SVM) [6-8] \Ju35n1stinsegvidayauazduwun

Joua Lngltrann1snIsmAEUUSEaNSY9EUNISINBAS 19NN RUINANVBITRNA WANENNIST

kY 9 Y

= =

fveide Aie nsldnsnenslunmsiuings

A U

Color Segmentation [9-13] LJundnn1sildlunisfnuendniifiumileunu

' v
! Y 1 ! S IS

wazdndufiliaulanon lneisnstasdinguaiafeefildlunisioudiou Fansiasd
arwfienanadonmiumdsdanududounasidlndifsstudtng

Local Binary Pattern (LBP) [2,14] Lﬁui‘%miﬁLﬁU@mauﬁaﬁmﬁyuﬂa
(Texture) wornlAunmmadalnunsy (Histogram) uiogslsfinnisyheugeianisiies
familonnitundafimududeu

The Modified Census Transform (MCT) based on Adaboost
Classifier [15] 33n158iin13anauuUsUsInvesudsiis Training Set wavnmildlunis
nagey udnhllutingudie Adaboost Literidndqudiliaulasenandiuiisaula lng

FBnsldaanuiianainlunInsInTuAsutnegs



10

Viola-Jones Algorithm [1,5,14,16] Junszuiunsasiasuilasunnuilen
og15un LilesaniienuannsalunsUsznanalsogimnig wasilsnsenugndeduns
n5193Uge lnedin1sly Haar Feature anUssendldlun1sngiadu

miAfetuilfesnuuunasimunszuiunisnisasaduluniiuas nsdum
ALM99972907 TAgn15UIManA1T Viola-Jones Algorithm snwmunldanuuslugnay
UszAnSnmanndu Fansusutsauasian Viola-Jones Algorithm anansauuseanidu 3

o , , @ o
NQu AB Pre-processing, Processing Wag Post-processing sIAMNUTENBUN 2-3 LazaIU1I0

IANGUNTHUIUTELANVBINTHAUN Viola-Jones Algorithm fanwusenaui 2-4

Processing
Pre-processing Post-processing
(Viola-Jones Algorithm)

AMNUIZNBUN 2-3 NMTUUIUTELANUDINTHAIL Viola-Jones Algorithm

RGB, RGB-CbCrCg,
—)( Pre-processing HColor Space NCbCr. HSV
T,

—P( Run-time Adaptive Sliding Windows )

—P( Processing )——P( Pre-selected Feature by Evolution Al )
SVM Model
—P( Skin Classification )

Gabor Filter Wavelet, PCA
Post-processing

and Neural-network

—>( Geometric Normalization )

Viola-Jones
Algorithm

AMUTZNOUTN 2-4 MILUIUIZLANIIUAEIABITBIUBS Viola-Jones Algorithm
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Pre-processing \JUN1ITHAMUINTEUIUAITABULYT Viola-Jones Algorithm
diodunisieIeunmandaldaiuisadinszuiunis Viola-Jones Algorithm Léaend
Uszansnm Iﬂamjuﬁtﬂumﬁﬂmiﬁ’u Color Space Aanisudasnimidu Color Space s
(RGB, RGB-CbCrCg, YChCr, HSV) [17-19] tleas1s ROI vassuvtisvasingiideanisdum 3

1 [

Fnnsilastisanduiunisuresnwees (Sub-window) uideidsvesiinisil Ae dvesing
(il e 8f) Aidesnsdumialndifssiuiiundeilfnmsdumiaruiianan
Processing tJunquaain1simuiwazusudss Viola-Jones Algorithm ng
idefiiedoswongudl suiteduusn 1200 Wunsusuuss Window Tasviiiaua Run-
time Adaptive Sliding Window 11u3dgsiau1 Aan1susuusanszuiunisiseus (Training
Process) men13l4 Pre-selected Feature by Evolution Algorithm [21] wagn1sld Support

YY)

Vector Machine (SVM) [22] tieifisauusiugilunisasraduing lnedanoifiuveanguils
ANULUglUN1IATIIUE winsvieuvessruuiianuduteulaz ldmine1nsvesseuy
1N

Post-processing L un15WAILINTZUIUNSTILAANEI91714 Viola-Jones
Algorithm itelsinadnsdilaaindumau Viola-Jones Algorithm fanuusiugrunndstu lne
AtefiAsatesesdntl Iszgndldifunisnsaadudfia (Skin Classification) [23] ifiete
Iumiguéjud’uﬁufmqﬁﬁaﬂmi n151% Gabor Filter Wavelet, Principle Component
Analysis (PCA) uay Neural-network [24] intelunsdaueningiisaulauasliauleoen
910y M5lEn3EUINNNT Geometric Normalization [25) intelunmiliinnisBeedsus
{18937 Viola-Jones Algorithm lilanunsansiaduldluniniifinisdesdisweunng nsld
nszvaumsEdunmsiaunssuuliusEaninn uwitedevesnduil fe fnszuaunisiey
AdudeuLarldinalunsduinann

mATeTuilvauaulalunsimunludiwes Pre-processing tissainnns
staurludrutagdaglunisiedsuninendlidgunmdelfinsadu (Viola-Jones

a a

Detector) aT1aduingiisdeinsiiegisuiuguasiussansam
222 NIPUIUNIIATIATUANIULVIINIA

NITUIUNITNTIVTUEN UL VDINNANNTONITATINIUAITNZNTUA (Eye State

Detection/Eye Blink Detection) tudunounisiiuadnsilaainduneunountin fe A
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isqd%ﬁumam (Eye Region) 11ATI33UANIULIBIAIINAT PId01ULVDIA9AT wUseanidu 2
anug A N15LWARN (Open Eye State) wazn15Uan" (Close Eye State)
TUN15M999UED UL VDINIANNIBDNITASIVIUNITALNIUANTU @NUITDLUS
a ¢ [} ) | 1 & a ¢ Y % ..
N15ATILNNITATITUeRNTY 2 nauluel Ao N15ATIaedmaIas (Non-vision) uae

A5ATILIINENNSUTELARANN (Vision) Aan nusenaud 2-5

EOG (Electrooculogram) )

Non-vision

High Frequency Transceiver )

Passive )—( No Light Source)

Need Light Source

(Reflective Properties)

Eye state Detection/
Eye Blink Detection

Vision

ANUIZNBUN 2-5 NMSUUIUTELANNNTIATIERNITATINIUADIULUDIN NN

nauindadunsieszisiedeygia (Non-vision) laen1siasziaengy

q

[ =

Haglddeyaas Electrooculography (EOG) wan1sldinsassudadayayiuninuigs (High-
frequency Transceiver)

- sl EOG Wunisifiudauasienisign1silasunuadues

L Ag] U

[

Auedngfiinainnisndeulmniminasnisngniunn Tagld
F2199 (Electrode) finsougaini Wuiaiosilelunisnsiada
é’m@mﬁﬁmsﬁu [26-28]

- maﬁm‘%aﬁuﬁaé’%ﬂmmmﬁqq WunmsldndnnisSudsdayyia
AIBNITIATIERNTA Yo UVDIF QY 18uAaE Doppler Component

Wialdlunisseynisnensumn [29]

1 )

naufasndun1simsziiesnisuseultananin (Vision) N153LASIEHY04

q

=

nquiilunisldndedifloludaduainlundiny

<

Jusarusznaunantuni1snsIasu vinlila

€

ANUALLANITVRINNANNTARY Belafvaingud fe lidesinasgunsalundigldnunasnis



13

Tduiianugangy ilragainsenisldanu lnen153aseriaIgn1sUsEaiananIn @1u1se
wUalel 2 ngu Ae Active Wag Passive
- Active WBunisldunastndanandiu iefiazldusslovivesnis
AL URNNTAL D UYDIN NN
- Passive lisnSusosiinuvasiudauaaiieldlunsinszi
T893 R9TIN1305295UNSNENZUAIEIE N1SUTELIAHA NN
AuALTALaranuanzvasnnldetnsdnay ualidesiaksgUnsaiuusaglday
Hi9AAT 18R A YT 09U INTEUIUNIINITNTITTUAD UL VDINIIA
#30N1305999UNIINTNTUAEINITARUINTTYINIUBenTY 3 ngu Ae Pattern Matching,

Histogram Equalization Wag Edge Detection Fanmuszneudl 2-6

Pattern Frame Differencing )
I Matchi
e Template Matching)

Projection

Eye State Detection/ Histogram ]
Color Segmenta’aon)

Eye Blink Detection Equalization

Local Binary Pattern Histogram )

Hough Transform)

Deformable SNAKE
Parametric Model

Edge Detection

ANUSTNBUN 2-6 NISWUIUSLNNINUITENNYITDIVDINTEUIUNITATIDVUADIULUBIAIIAN

PIDNITATIIIUNITNTNS UM
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Pattern Matching 1 Ju35n157 81581 uAfuLUY (Pattern) Wa21Y1UN

[

Wiguiiguiuingi
ANTULVDIAIIN

fan1s TuAdfe vShaiidudiuveaniemi (Eye Region) Liiansaagu

(%

~ a a a
UIZN5UN5LUAULURIYRILUaRNAN

ad

Frame Differencing [1] 3
vounsudagtuiumsuneuni lngihansuiunsinsginisans
awaslunuasawesamluun’ Binary Image) Wlofinnsanudaniii
unfigaildannmsduin azgnasadudunstam

Template Matching [30] 33n15hazsinsadrausiuuutiu (Template)
INNISAILAERNwaYeY Feature Point u&athAfilivansy
Hagiuisuifisuiumsunount Mfinswasuud amwdela Tae
Ohzeki K. wariiudde [31] 181438 n15dlunsudansluuufuges
(block) $1u7u 9 des Wisldrfineatesqn (Feature Point) 13 9 A
wEahendildunivasuden (Block) wua 3x3 anduirAitlaun

WIgULNeu

Histogram Equalization \J135n15uanssuiuvesinieananudumie

I WaHILINATUIUNNTATIITUADIUENSUALAE TRV IR AN

Color Segmentation [32] WumsAnuenaniuzn1silnlaniemisie
UV 1 d' a z-g 1 aa ‘221’ o
n15ldd lneganuuandsiiiiaduluwsiazaniuglagisnisiiagyinly
= P = & A v
syULALUUINSaLna (Grayscale Image) kanUasuduninluuninieg
ALU9YA (Threshold) TnguaNnAnTuIUTLEANSAINANUNTNAT e
=
NG
Local Binary Pattern Histogram [2,14] WuisnsAnnenaniurnis
Uauazlanamaenisidnuaudivesvuiluruin 3x3 finwa lag
° | Al vt & o X A& Y o &
mimmmmmmimwmﬂumLmusuaawumuﬂ LaduNuUawUu
galnunsy (Histogram) LBQANUEYBINIINN
Projection [3,33] \UuAsn1slunsiddsunin 3 85 Wdunw 2 98
Tngnisaewninglinnadlussuiunils nefssunuazinduin wie
AN 2 TR BENTETUIUTRATUIN TRV 1a8azTN15aNguIuniU
Tmg 4 2 Wuu Ao wuIUBU (Horizontal Projection) Waz ks s

(Vertical Projection)
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Edge Detection (Junszuiumsiumvevvesingiaula udthwadwsile
Whnsgimaniugninlamuaznislan dsilymindng vesnguilde narilélunis
AUIUTDITEUY

- Hough Transform [6,13] 1Uun1sAUMIEUATILAZ1NANIINGAR 1N
Tnousazqn xlmningetug efuudulath iWennqalmends
aun1siignimnuniignasiduduiiugeuiniian Jefvesisnnst
Ao luisedldnsimsudeya (Train Data)

- Deformable Parametric Model 1dun1swiveuingilaiauisavs
uangUsslé Taensld Active Contour Model (SNAKE) [5] 533013

[y o

ifunsviudulds (Contoun) idugivveutng Tasnsfiansandn
wFrruihintulunin wazauisedaunldndnnis Active
Appearance Model (AAM) [16] %QLﬂu'ﬁ%mﬁmiwﬁﬁgquﬁN
LﬁsmﬂaimLLazImqa%”mﬁugfmﬁuaqmw (Texture) lagAa1U1 AU

Inverse Composition Algorithm tietinUszansnmliinszuy

2.2.3  NSTUUNIAALINNITNZNIUAT

NTZUIUNITAALENNITNZWIUAT (Eye Blink Classification) Wunsguaunis
Uszananadniilganduneunsiaduaniuzaeiniem dsdunssuiumsiazliaiuaula
A01UYY0INSIARLIRINSN WielaNN15a8ILUNNSNENEUALUUELY (Short BUNk) waY
wuue (Long Blink) e

AUeTa (Threshold) [5] WWuiSnsivuaawU@alSsuiisuiunadns
AFnnszurunsasaduanurvesmam IneA sl avessuddeivldainnisvaass Ao
200 fadiunt lnennsildfarudanguvesnstumsngnium Wesrniunistmuas,

wUsTaly

NuAdelilaindeflardenouilaia1nn1TIATIZRNTEUIUNITAILE TIND
Mo UAEANNTA99 TlElusUUNEI TR 9BNKUUTEUUNITATINTUATNENTUALALATT
nonsviauesaialtlun1sdeas lneilatanszuiunisiaunansayssendldanuladg

waraunsavinnulaluaninwindauasslitianuwiugwaziusyansanle
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2.3 n5zUaUNsiNedesdun

2.3.1 svauasd

siauesa (Morse Code) [34] \Huisnsdoansifiguuuulunsdetoninudie

o
LY IS

Tyanaduiueuasdnaiunldtussuuinsiaeiidunisdsfeninude i dunussnes
aedyanualya (Dots, () Auda (Dashes, (-) Ingo1fenannIs Wedaasasluausid
nszudlntiinlasinUssnmelady drnaserianafaussmeliinlfdudydnuaiyad
U

2 6

SURUUMAEITNSYRITiaNRa sviaNesa dn1sunuiisnusnedydnualin

9

wazdin Fenrsnmuajusuuligaiiauetadu 1 wiheanueuazdndaiue1ndu 3

PUIEANUYNI 1R8I NS UAatl

[y v

1. syygiesznineaaiuye, Indulde, Indude danueriviiiu 1 9a

2. S¥EENTEnINNInys daue1wvindiu 3 9a ve 1 U

3. SEEYUNNTENINGAN 2 AN AAueNindU 7 0

M3 2-1 fdNEINIWBINUUITaLDSa

AONYS shaNDsE AONYS saNDsE
A - N -
B - O - - -
C - - P - -
D - Q -—-. -
E R -
F - S
G - - T -
H U -
| Vv -
J - - W - -
K - - X -
L - % - - -
M - - z - -
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2.3.2  N15NZNIUAN

n13AENSUMI (Eye Blink) Wunalnnissssusangisuntesnlamiann
JUATIUABUDN LU watkan laTeme Tngnaseunlng uanaintinisnensuainiinnvinla
ANMYUTY YraFUanUasuuun e karn sEAULIAAN SYaIVeILIN

[

UsgLanuean1snensunveanywd amnsawuseendu 3 Ussan fsil [5)

1. Spontaneous Eye Blink/InVoluntary Eye Blink (N135n$W3UAILUU
il&anun, manswiumuuuliléate) Wunsnendumiliietulassssumieguanvile
s1unadnlavidenismueuainuszamaiunans Sdlaeviluuduysdazngndunuszana 15
adaseuni

2. Reflexive Eye Blink Lunsngniuniiinanujizenvessranied
novauasiednifiintulunreniduvioliaunsondndedd wu uasiiinnliuas
M3nds wsansesu nsnnla @es usiu

3. Voluntary Eye Blink (nN15ngW3UATLUULLIAUI, A1TASWIUATUUY
aala) Wunsnensumiifatuneldnisdinisvesauesmionelisrunaisla nande

ANU150LAINNNTNENTUA LAAEAULDY

MAdpFuilianuaulalunisngnsunluy Voluntary 1He9a1nn15ngnsU
AlugUuuuiLdun1sngndunuuAmuANISNENFUAAREALY @111 5089IN1INENTUAT

lomeganes Faausathlidszyndldlatiunisaensiaussa wsldlunisdeansle

2.3.3 S3UUH RGB

= a % =

S¥UUA RGB [35] 1UUssUUANAAINNITIINAUYDILASE 3 A A ALA9
(Red) @387 (Green) @undu (Blue) 1380913 3 & 31 wild (Primary Color) Wiews 3 &5iuiuay

Tonadnsidudvn sanmusenaud 2-7
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Additive Primary Color

ANUSLNBUN 2-7 NSHANAVDIWUA [35]

6

lusguufifinuas Color Space TunsagzualdaziiAIAITuYoIERLAAUE
uilanils Tngiiaud (0) wnumemaNuduresdin uaznis (1) wumemanuiuaioy

Tngmiluduudateyanldlunisunuanuduvewd 1 @ & 256 seiu 913U 8 Un Aaus

0 — 255 FannUsenauil 2-8

B(0,0,1)

G(0,1,0)

R(1,0,0)

amUsENaUTl 2-8 spuUfifaves RGB Color Space [35]
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2.3.4 nrswldasnmaiduniwszauding

awaRldnndesiileunmaluszuu RGB datiu nsudasnwddunn
szauding (Grayscale Image Transform) 1unisudasandayanindluszuu RGB lidunm
FLAALANIZAIAMUTUVO AT (AIAIIUAINVIININ) Q) WAASAILNUITOIANLTE TININ
sysuAmavUsenevludenislaaiauiuednas 256 sedu SANRaLA 0 — 255 nanife
Taanaiauia (#1, 0) Wad1e @1, 1) mswlasnwdidunmseduding feaunisii 2-1
[36]

Gray =0.299R+0.587G +0.114B (2-1)

WD R Ao AvesdAwAdlusTUUE RGB

A 1 =

Ao AvesERedlusyuud RGB

B fa AvesduRulusyuUd RGB
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uni 3
AT HUNTSIAY

[

Tuunil 938na1709N1999ALUUNNTINY FINTAUTUNITHAIUITEUU @11150

wUdbe 4 TuRaU A

el

[
o

TUABUNISISEU] (Learning Phase)

[%
[

TUnBUNIINTIIIUING (Object Detection Phase)

TUNDUNIIANAIUIRNG (Object Tracking Phase)

q
(%
(4 [ 3

YURDUNITNDATFF U IUUDTE (Morse Decoding Phase)

A

Next Frame (Center of Eye)

Frame

Object Detection Phase

>I Face Detection |

(Image)
7

Face Region Learning Phase

A 4

¢ EyeROI
Eye Detection |«
I

Eye Region

N

Open Eye State | Object Tracking

Phase

| Eye State Response I

Translate
[ (Close Eye State
Data Set) Morse Decoding Phase
- Eye Blink Data Set
Eye Blink e e‘

Interpretation
Classification

Next Alphabet/Word

Output

o
ANWUTTNBUN 3-1 NNIIUVBITTUU
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3.1 YuAIUMSISEUS

%umaumi[%ﬂuif (Learning Phase) tdunszuiunisiitaslunisansesiian
TUNSAWINYBITEUULAENTA IS EUIvessyUY Inglinsuusdndiuvadluniin (Facial
Proportion) fiaelunisannszurunisasraduluniinluuiansy Tnelddiuusenauves
Tunth (M ayn Un A) andustglumstmuarouindissyindiunsangm (EyeRO
Tnetumeunisiauwesssuy annsouddld 2 dau fie dauresnsisudiu (nitial Value) uas

AIUVDINTAT VO ULUAAIAN (Create EyeROI) LARIRININUTEAOUTN 3-2

Initial Value
e IR
: I |
| I Calculate & '
Frame N<=10 | Face and Eye I [
> — Update Value |
(Image) ' Detection [ I
: o (W1, W2, H1, H2) |
| Object Detection ! : :
| Phase : | Learning Phase |
U S S 2
Create EyeROI
Center of Eye
(Pervious Frame)

p————
| ' :

|
L] owiweHLH2 |

|
|
(m———————————— ' |
| | |
| i
Frame | . ! : |
1 Eye detection [€ EyeROI |
(Image) | : : |
|

|

| | |
: Object Detection Phase JI ' Learning Phase |

AMUTENOUN 3-2 TURDUNSSEUS
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3.1.1  n1swusdauvesiuniin

nsuusdiueslunii (Facial Proportion) 1Junszuiunisiianuunaiiuii
THlunsAumiumisussna lidvuiadnas etiglunisansregiianlunisvinauues
syuu Weldnaansnndiiluninanduneunisnsiadulumin (Face Region) waa lagiald

LA MUIATININTURTTTIULAY X Wag WU y AINTNUTENDUT 3-3 Lad dunalain Ana

Anazluniem (EyeROD) Ao nmusenaufl 3-3 A uag nUsEnauil 3-3 B uazaanse

a

szyindumemdndlaldannisuisdiulund amnamdsznoun 3-3 A fie ufiiszyindu

9
(% [N
A A

AT wazAMUSENOUN 3-3 B fia unifissydndunismdndne

AMUENBUN 3-3 Msuusnwlunt (Face Region) senidu 4 @

A15AATYELLIATIUNITATIVIVVBITEUULAD L5181UNT0AATUABUYDINS
f5793Uluntneen taen15EANlunENIIIWIY 10 WSULTA UIAUINIALRRE W1, W2,

H1, H2 WiafuuavaulURRLiLEAIAINzidun1am (EyeRON) fannysenaud 3-4 Tagwn

A1 W1, W2, H1 wag H2 laanaun1sdnaans

W1=cenEyeX — X, (3-1)
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width,,
W2= — | cenkEyeX (3-2)
H1=cenEyeY -vy... (3-3)
height,,
H2= — | cenkyeY (3-4)

dle  cenEyeX,cenEyeY #e ﬁﬂLLMﬁQ@@ﬁﬂﬂﬁNﬂNWLLﬂU X Wag LAY y AUEIRY
width

X

height,.. fo AMUEIVOILUNIMIURUILAY X AT KN Y ANUEIFU

face!

'
a ¥ ]

REVaLY] AUATWAUITDI I UNTIATNUULAY X Lag LAY y

o))

face? yface

AUAINU
Wariuauwiug lunIstvuavsuain1nI19sL T us L naYe 992961

(EyeRO 1513g31n15a5233uluntnegetas 10 wsu udnhaflaluwaagisuanmeaiade

SeEunsh (3-5)

X =42 (3-5)

X Ao ALRAYYRY X
N
in AD HATINVDIUBYAVIANLA

. & o U
i A9 a1nUuLNSy

N A9 NUUNTUTINUA
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AMUIZNBUN 3-4 AW EyeROI NuansAl W1, W2, H1, H2
raRuluNIN A ANINANIVDINNINTARINNITRNTIITUA NN

3.2 JUABUATIATINIVING

funountsmsradutag (Object Detection Phase) tielwldundsiumisuas
meniu uwadu 2 dw fte nMsnsaadulum (Face Detection) wasnnsmsaasunaam (Eye
Detection)
WENNNSTNIUIBINTTUIUMSH wanIfan nUseneudt 3-5 anunsaosunele
Fastoluil
1. Buduszuu s3uuazasaduluninuazaiemisaua 10 wsy wienian
W1,W2,H1,H2 483052 UIunsiseu; wiehluans EyeROl
2. Faussudt 11 Juduly dlewsnlée Eyerol 9nsauitsiiun nns
A5V ULIANITAUMANATDATITTUINAAT 81 199A29R7 HaEHST
16 Ao @n1urn1slan) Ao LUlaanI9mT SEUUILABINAUNINTIIU
Tumihenads wlensreaeuinnmitduntudunmlunimiols & Tl
Junmwiluvh Gumseseduinglusudaly widh Wunwlumh 1o
szdesmsaaousuiiniy anusdanmselal Tnomszosrasening
amgetanansvedlumiveansuiagiufumsunounth lnemldain

An157 (3-6)



d

F)pre_F (X! y)
F)curr_F (X’ y)

AD N1IMNTLEENNTENINNA 2 90

'
=

Ao anananannluniiweamsunount

'
=

Ao ganananannlunthweansudagiu

Learning Phase

Calculate EyeROI by
W1, W2, H1, H2

Frame

(Image)

Y

Eye Detection
by EyeROI

No

Detect eye? Face Detection

Tracking Phase [«

Eye Region

(Open Eye State) Detect face?

Find distance
between center of face

current frame and
pervious frame?

Eye Region
(Close Eye State)

Object Detection Phase

\/( Ppre_F (X) - I:)curr_F (X))Z + ( I:)pre_F (y) - Pcurr_F (Y))Z

25

(3-6)

Next Frame
(Missing Detection)

Next Frame
(Missing Detection)

Q{I 5 U U
AMwUsznaun 3-5 VURBUNTINITIIIUINL)
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Tun1snsraduluntneazn1sAunIAImItY TuanuIdeduilauiaus nis

[
o o

M3137UTRg A28 The Mixture of RGB Viola-Jones Algorithm iiiasainimatintiliensinis

9

asvfuaazldiiunfssyinduninidunndn @ualdaniden 4.2) Famngauiung

&

P lTglunsguiunsonly
3.2.1 Viola-Jones Algorithm

Paul viola uaz Michael J. Jones [37] luauamatinlun1snsiaduing il

AugnaBswiudarsInsilul a.a 2001 wadailiduilasuanufouwasduneensuly

v
v S

Faan1snsaduingusgiaunn lnemalianisasiaduingll awnsaudseandu 3 Tunau

q

Mg NIAUIUFULUUNITINRBIAIY Integral Image NTAUNIFULUUTIRBIAIY Adaboost
LAENNTTINAITUNNAURUUISEsD (Cascade Classifier)

[ 12

MINNI3V8IN15M5I3TUTNGAY Viola-Jones fia nsthamunduuwiaduy
nmgey (Sub-window) ndunmeesfna1igninsuiunmeidiwesnssuunTuay
14159189930 UU Haar-like Feature LUuf1n5399U (Detector) wazlsuvuInve sy
prnduliuandsiunatsvun wielinmanmaduingrinldistu nevnssuiumaoud

o

Y8358UU (Machine Learning) Aa Adaboost Learning 1%381un15ARLENN15ATIATUING
waglidlyingeanainiu weiudseansainlunisnsaduliliaugndesnlu wazannis
Tgalunisiwinas ladnssaudduunnguuuuitess

Haar-like features #3n MUsENaUN 3-6 Usenauluaie NunanasudIun
wstawazlanstan Tun1suATu @a1u150M L AINENARAIITENINAMULTL LA I UAIUALSLIN AU
drunlilawsan anduinAkaansAtaluiUSsuiisunuathuadn (Threshold) AU 97

(Polarity)
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W]

mwﬂszﬂauﬁ 3-6 Haar-like Features.

(A) and (B) Two-rectangle (C) Three-rectangle (D) Four-rectangle.

Integral Image AaNaTINANLTL (Intensity) VashaazAinwaltneiu lng

NMIAIUIAIAT Integral Image AININUTENDUN 3-7 @NTOLTIULNUMY FUNITN (3-7)

iixy)= > i(x,y) (3-7)
X <X,y <y
We (X, y) Mg A Integral Image ANYARIAUL (X, y)
i(x,y) Ao AAnudiluwsiaginigavesnmiegtsuudieiie 30 (x,y)

(x,y)

amUsEnaudl 3-7 Integral Image ﬁ@ﬂ (x,y)

ANAINUTENBUN 3-8 LUDADINITATUIUNIAINATINAINULYUVYDINUN

fuwdeu D Ineauinulaanesisgenedens 4 (Array Reference) lng
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AN09 integral image i uLsdl 1 Ao masiuvasiingaves A

84 integral image i sl 2 Ao nasiuvesfinwares A+ B
Av84 integral image i Fuieil 3 Ao HasILvEIRnwaTes A+C
Aved integral image a4 FuSTl 4 fie naTIuvesRineaves A+B+C+D

awle naswvesinwanegneludimasy D mlaan 4+1—(2+3)

AMUITZNBUN 3-8 AI9E1NNTUINATILVDINALALAZAT Integral Image

Adaboost Algorithm 1Husane3iiunisiFeusuuunils fafrsiasuunain
Haar-Like feature 1U3guilguiuauislin logisendn didwunuuugauue (Weak Classifier)
wazsuaAutindvilfAneufianaintesianluusiarseutesnszuiunis ileasnadh
Fuunuuuudauss (Strong Classifier) iioanszazinailunsfuInYeINTzUILNT F5n1590

mdungeuws (h; (X)) anunsal@euununisaunisi (3-8)

(3-8)

hj(x): 1 if pjff.(x)< p;0;
0 otherwise

ANEDY (Sub-window) Aum 24x 24 fniwa

]
o©
>
o)}
®

97 (AINIRUATNANI9VDIANNTST)

=
o))}
©

Haar-like Feature

—
o))y
®©

)
o)
®

AU (Threshold)
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AT UUNLUULTTT 9NATNTUIINNTTTINAIVDIRITIUUNSBURD d11190

Aanlldannannisi (3-9)
.
f ()= ah (%) (3-9)
t=1

do ) fe Fsuunuuuudauss (Final Strong Classifier)
h(X) Ao nmges (Sub-window) vun 24x24 finwa

a,  fo Amidn (Weight)

ANUTLNBUN 3-9 LanIf1981971A1NN1591191UY89 Adaboost

'
=

1NN INUSENOUN 3-9 Haar-like Feature AN 1wardi9 2 antdening

Y

Adaboost Tnesit 1 ldarnAnuuanswesrudusEninsituiinennfuiuiiusinui
nadnSTlgRURUS A sTiAAu AN duus ity faft 2 Tdnnauuandig
sEyriaURimanii 2 Srafuuinman

Cascade Classifier 1unszuiunisifinuszansnmlunisasiadu aiu
gndouaranszezallun1sAILINGS Tnsudnnisvesnszurunisil Ae nsidsuun

(Classifier) wa189) famaenu fesnmusznouil 3-10 lnadrduunludifuaue aziiau

Fudoutiesnit Fuieduiuvesiidununniigsda lentanazlanmingiisdenisuin

WINTIU
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All Sub-windows

Reject Sub-window

ANUSENDUN 3-10 LAAITUABDUNNTIINGIUYBINTEUIUNIS Cascade Classifier

3.2.2 Viola-Jones Algorithm with Mixture of RGB Color Space

Viola-Jones Algorithm with Mixture of RGB (mRGB) Color Space [38] 1{u
nsruINNTUTEENANISda1uan Original Viola-Jones Algorithm AwInIMANTEAUFLIN
(Grayscale Image) 7ififesAnluduvenas (Lisht Condition) 1unseuianimuuszuud
RGB ilafisUsAnEnlumansaaduingliiseiu

53uUd RGB Usenaulusie Andeyavesdluwsiag Channel fio was 1Ty uag
115U (Red, Green, Blue) Tngusiay Color Channel agfiAnAniLduveLawsoaAILaing
4093 (Intensity Information) 7iflan 0-255 TasyRuanuainaainsilvawany fnmuszneu

i 3-11

Green

dl 1 v ' = a S a
AMnUsenaun 3-11 ﬂ']ﬂ'l']ﬂJL?JiJSUE]\‘]LLﬁﬂULLG]aga (LLGN, LUy, UILU)
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TneudnnisvinaueesnssuIuns ae nsthamendfidunmg RGB u
weniu 3 Color Channel A und Wen waviinu wislildrvesnuainduudayChannel
iievusiaz Color Channel luidhdmsiadu Weldnadnéfimainduing azliumuaniu 1
Tuustaz Color Channel ansuudthenadndusiay Channel 1 Intersection (AN B ) fu

Tnefiansanann 2 Tu 3 vee Color Channel fanmUsenaud 3-12

Input Image

!

Extract Channel

v A A
Red(R) Green(G) Blue(B)
Channel Channel Channel

v ‘ !

Viola-Jones Detector

v v v

Red(R) Green(G) Blue(B)
Region Region Region
Intersection
Eye Region

AMUsENaUfl 3-12 N5EUIUNITTUTET MRGB Viola-Jones Algorithm [38]

v [ ]
% N A S A a

HadNSNlAINTURBUNITNTIAIUTROL Ao NUTIUTIIUA9AT (Eye Region) 7

q

LAASADTULVOINWIAT HININUTZNBUN 3-13 9nnmesnan dredeneaniuzidani (Open

Eye State) wazanuglann (Close Eye State) agn1enuuinile

A U cay v Y%
AMNUsEnaun 3-13 LLa@I\‘]NaaWﬁW‘lﬂﬂqﬂﬂqimirJﬂQ'UW'JEJGH
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Open & Close Eye State Plot
T T

Eye State
T
1

0 20 40 60 80 100 120 140 160 180 200
No. frames

AMUTENBUT 3-14 NadwsNliannInsInduamluguiuurens

AMUTENOUN 3-14 KAAIHATNETILAAINN1IATIVTUAIE UYL UUTDINT W

U 200 LSU 85U1ELAIN LAY X AB TIUINTL WA WAL Y AB d0IULURINNAY LAl

anuzlann Ao Eye State WNAU 0 Wag @ uziUnan Ae Eye State Wiy 1

3.3 YUABUNITANAINING

[
o

mumaumiﬁmmmi’mq (Object Tracking Phase) Wunsguaunisneaelunns
AnT282a7lUNITAIUIAIBISZUU LpsannTeuunstidunszsurun s ivelunisan
TJunoun13nsaTulunas InenisiiiunszuIunsineuing iWetislun1sninaziuianig

TUNITAUMIAIENUITR9A9RT L la1u150911UI8N15I8UDIAILTUUBIAIIAT A3

AwUsEnaud 3-15



Previous Frame

Object detection Phase

A 4

Open Eye State

Eye Tracking

CenEyeX,

,LCenEyeY

Current Frame
A

A

Learning Phase

EyeROI
v
Input
» Eye Detection
(Frame/Image)

Open Eye State
(Next Frame)

Face Detection

v

No
Detect face? ——»

Missing Detection

(Next Frame)

l Yes

_Find distance ™ .
No
—P

" between center of face

™ current face and prevoius~

Missing Detection

(Next Frame)

. frame? 7

l Yes

Close Eye State

Object Detection Phase

AwUsEnaudl 3-15 Tumeunisinnuing

33



34

laeNszUIUNITH AENIITUINITANAINING LANITNI1TATIVIUAILYAUIVD
A luanuzilanivingy ielvinszuiunisinaiuinginnnuudugilunisiungsdum

Y9I NANLAATUNBTUNN AININUTENBUN 3-15 3991138 lAUNENNISAINTBIAIALY

1 1FN1TAAMIUA LU IVDIAIIN N1 Re7 TUAT AD A1919977

3.3.1  AINS99ANANIU

fnsesmanu (Kalman Filter) [39] tudanaSunlendnnisvinauluulu

[ '
a = o =

41 (Recursive) italdlunissuindssanmuamiensvhuneanus et ufussuuiiinig
\ndeufiagnasaiian (Dynamic System) lnglédeyaiildananiuzdounth (@nuzein)
Saufuaiildinnismnasstesaniug ey Tnedefvosnaiad fe auldgesnn 1
FudouuazsIngalunsinmu

FNTRIAIANIULUINTIINUERNTY 2 d1U Ao d1uvinune (Predict State)

waz d@1udnen (Update State) Fanmdszneudl 3-16

Predict Update

A

Initialization

A

ANUTENOUN 3-16 NTEUIUNISTINIUYBIAINTDIAANIU

daun1sinuie (NMsUszaaa) Ae Nsusudrauavsenisidaniugly
waneuvthil uihwganustagu Inensussanamlunaidagdugnaiaduainaniug

Aounin Usznaulumeaunisaasalud

1. Uszanamlnglduuuinassueaseuu
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L® X.,, P8 Future State
X fio State Matrix
A Ao State Transition Matrix
B A Control Matrix
u Ao Control Variable
w Ao Gaussian White Noise

2. AUIUAINIUEANAIAYDIAIAIULUTUTIUTIU (Error Covariance, P,y)

1319 H, #& Measurement Matrix

X,  fA® Current State

v fa Noise Variance

daunsdwan fe nsusuarmudeyanliainnisinvsenisiiAnlaein
n13in wgrlunisuiuaraniugliliaugniesaziinnuuiugiuiniy Usenaulusiy

aunseane Ul
1. AuweA1AIaNIy (Kalman Gain, K)

K, =P HJ (HP HT +R )™ (3-12)

WD P~ f® Previous State Variance

H, fo Measurement Matrix

R, #® Measurement Variance Matrix

2. YFuAmmsusvanalaggedeanaindeyanisin

AN

X, =X +K(z, —H, %) (3-13)
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1319 X A9 Estimate State

Previous State

>
=

o))}

©

Kalman Gain

o))}
©

K
Z, #eo Afleennsin (Measurement Variable)
H

. A® Measurement Matrix

X, AB Previous Estimate State

3. USUANANURANAIAVBIANAINLUTUTIUT I

R =( _Kka)Pk_ (3-14)
LD X, A9 Current State
| Ao Identity Matrix
H, #® Measurement Matrix
P~ #® Previous State Variance

HAGNSTLARINNTEUIUNMIAANILIRG A TIAN19NTEURmUNnednIema Live

Hglun1siasannishumiwtdasaw lunsudagdu

3.4 tunduMInaRTTEdYaNMNDSE
Funeun1snensiadyy mueda (Morse Decoding Phase) aziintuliiile
Aasosnsfindnsnuvier danamsautsmsihaueenidu 2 dwu e
1. dunsAnuenn1IngnIun (Eye Blink Classification Phase)
2. @unisiuaniiuuung (Interpretation Phase)
ndNN1YUTBINIINIEUILNTE Ao MItgadeyadaurrsnI (Eye
State Response) Aldannmsnsraduluniuaznismnanduneudeunth fiuszneuldae

a0uzlUakazUnnn bAluTUAaUNAzaUlaies @a0NULNISUANILYINLUY UIRAITUINISAALEN
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a A o v sal oy ° o
AMIASNIURA LW@uqf}JaaWﬁ‘Wiéﬂ)ﬂLL‘Uaﬂ'J'nJVTlI”IEJ I@EJN?JU@EJUﬂ'ﬁV]’]\‘]']u LEAIRININUTENOU

i 3-17

Object detection Phase : I Morse Decoding Phase

Eye State Response —+—— Translate ——1—» Eye Blink Classification

Eye Blink Data Set

| |

|
I (Close Eye State
_____________ _! Data Set)

Interpretation

ANUsZNOUN 3-17 TuRsuNITaenITad Y ML SE

3.4.1  YUADUNITAALYNNITNZNIUAN

FupsunsAALnnISNENEUA (Eye Blink Classification Phase) \un156n
wennsnendusmaanidu 2 ndu Ao MsngndumuUUdY uaznIsneNTURLUUE TS
Fuillfinszuaumaningudeyadeiniiu Ssdigauiu fo Tunardualdnng luwives
nsiideyaTIuININNLaEIIIUIUNGNTRY Jamnzfunsdanennisnendunilumnuided

Tun15AALENNISNENWS UMDY 5108 UIUNSUTARdR U T AR NS
v =

Auns Wngdwangveanisidnszuiunisudengudeyanisiaiiy (K-means Clustering)

WaAnkeNN1INENSUAWULAURaz UV lagliiTuegiuaT 1esInn1snENTUAT WUY

Voluntary Tussiazyanalaiviniu Msduunmedsmstdenunsaldlatugldanuivainnane

wazdnnugavgulumsfanennIsnEnsungs

al 1 = 1

n1suusngudayandeiaiiy [40] H¥e13ndned1aniladn N1TIATILVINGY

q

wuuldidudunau (Nonhierarchical Cluster Analysis) 158 n13WUsda (Partitioning) 1Uu
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danesiiunmateusiliidaeu lnedofvainiswdainguuind fa siai5 luduveanisiideya
IuunInkaziIungues lnelikuanudn e Nswuseyalviedluudazngy lnanis

n3evingn WelviAgaaudnansveusavnNguAsi

nsulanqudeyameiaiiuiiy 1Tunaun1sinau uanewanmusenauin 3-18

De
=Dy

! ! a ke o

1. MvuavseduaAsuAy 31U kngu kagivunaaudnana us
k

q

0

[%
v

MTagrianuadndangy Inevinn1srAsEeEYinasEnIeteyaiu

N
=

aadnand (Centroid) Inegaindeyasilnulndrgagudnalsialv

3. AuuAgaguireusavnay Wemnualugagudnaidvy

4. v U 2. aunsensAandudnatslulsasnguliuAsunlas

( Start )
/ Number of Cluster K /

&
«
A

A

Initial/Update Centroid

Y

Distance Objects to Centroid

Grouping based on Minimum

Distance

Change

No object move group?

Not change

C =

AMUTENBUT 3-18 YumounsvNUTBINISIUINGuTeYanI8IALlY
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av & Aqu 1 Ty v ~ aa . .
nuTeFull ldnsuvingudeyaniswniiy wuu 1 46 (One-Dimensional K-
. o 1 A [y 1 a v ag" 1 1 [
means Clustering) lnemmune1 k = 2 1a1nn1sdnnguuesnuidel asulainguesniduy
2 NG A9 NITNENTUATLUUAU KaZNITNENTUAMUUENT TINAFNENLAIINNTZUIUNTT
LUINFUAIENTEUINNTTHE A8lanIsNEnSUARUUdULare1 Baaziluulaniuningly

Junausa b
3.4.2  JUABUNISHUAAIUNNILIINAITALNIUAN

NIZUIUNITUUAAIURNIZINNAITALNIUAT ABNITUUAIANNINIYIINATT

[ [

nensum i ludydnvalvessianesa wWevielunisdearsaiuguuuunisdeaisveesia
4
1O5d

TunszUIUNITHUAAIIUNLIBINNNITALNIUAITY UINadnsAlaan

NSTUIUNITAALENNITNZNIUAT (Eye Blink Data Set) Av N1SNEWIUAIWUUAU (Short Eye

(% L3 (% s

Blink) 4a¥N13NENIUAILULEI (Long Eye Blink) uuwlasdudyqdnwelsiauesa fo qn

o

L [ L4

(Dot, (), 0) wazda (Dash, (-), 1) TAEANISNZNSUALUUAY WNUAIY AUUaNEl 99 WAL NS

A7) q

¥ IS

NENTUAHUUETY wniumedadnsal In FIN15NENTUATLILILAREisUMUULALIBN1581989
INTFaUTA Wieau1satsanesanleuwlannununedusfaunsaldlunisaeaisiu

v Y 1 o= a a Y ° ) =
uﬂﬂaﬁaUsﬂqﬂlﬂaﬁnﬂuﬂigaﬂﬁﬂWW IWEJNWUG]QUﬂ']ﬁwWQWULLﬂ@ﬂ@QﬂWW‘Uigﬂ@‘UW 3-19

NANNISIUN1T00ATHEF U IULDTFIINNITNZNIUAINTONITHUAAMNNRLNY

AR}
(%

YDININENIUAPIETHENDTE Tnamalull

1. Tun1suUamnununge9I9n¥snIeal 1en13ns199Un1NRIAY
a01uzNS U 45 sy

2. d1deen1sdeninununglny (Clear All Alphabet/Word) 14015
A5IUAAIATEN UL TART 90 LilSH

3. Ufiasnslamiidesnin 6 wsu tesainnisnenIumitiosnia 6
LWﬁuﬁJ 221 un19nENSUAILUY Reflexive uag Spontaneous
(Involuntary Eye Blink) [5] Fslusuisedavaulaiiosnisnendunn

WuU Voluntary tintiu
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N3¥UIUN1T Matching LUNSEUIUNITTUANITWUAAUNNIEVBINENTUAN
AUSHALBSALNDEDAUNUNY TRUNTLTUIUNTRLENNITANUIUNILTIUIUVBINAANS AN
N13AALENATITNZNTUM LiBUSEUNBUAUAIBNYINWINaY (A-Z) UsoFULUUAIRLAYH

fviuals el Exclusive OR (EOR @) Feflaunssisil

X=A®B (3-15)
de X fio enfiléwnnnisvi Matching
A o wadnsfildainnszurunsinwennisnsnuai (Eye Blink Data Set)
Usznauluae 0, 1
B Ao suuuuiidnwimwisanguiiiiuafesiauesaniogunuuafiiawd

Avum Usenauluaie 0, 1

A19197 3-1 WAAIAIAIILNATITBY Exclusive OR

A
0
0
1
1

O |—= O |
O |+~ |~ O | X




a1

Next Alphabet/Word
(90 frames)

Frame

Object Tracking
Phase

< Object Detection Phase <

A

Learning Phase

Translate (45 frames)
Close Eye State Data Set

Eye Blink Classification Phase

Eye Blink Data Set (A)

Y

Matching Process
X=A®B

A

Y

Output —

Template (B)
(Alphabet/Special Word)

Interpretation Phase

Morse Decoding Phase

AMNUSENOUN 3-19 TUNDUNITTINIUVDINTZUIUNTUUAAMURUIEIINATITNENTUSN

Tun1snensiady1uoTaINAITNTNIUAILY TEUVILLUINITOOATHE
Ty nwesaeenidu 2 nqu Ae n1sneasiadygnuesaceuuuudisnysn wdingy

Lan1saensiadyaauesasensimuagliuuiasdmsuildlunisdoansidudssd
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1. n1snensvadyyInuuesanieULuuAIsnyIn1¥Idengy (A-2) un

Usznaudumnseuselon sanmusenaud 3-20 wag AwUsznaun 3-21

Dash () START Dot ()

| |
N =1 T E

\ \

| | | |

- ﬁ,\rj ﬁl\rﬁ h/rﬁ hrﬁ
o b % TWH RH L% ﬁs
N =4 Q z Y C X B J P L F V H

N=1 N=3 N=4
T - E O --- W .-- Q --.- J ---
G --. R .- zZ -- P .--
K -.- U ..- Y -.-- L .-
N=2
D -.. S C -.- F -
M -- A .- N v )
No-. B - H

ANUIENOUN 3-21 Sade uesanuiIsnNyINwIdIngy

AMNUTZNOUN 3-20 WazANUTENaUN 3-21 WANINISNOASHANDSARAE

v v

1ENHINYIBINGY 9N A-Z MFBINUTINIUTDITRAF QY I10d05a tne N A9 §1uIuve9

d‘ &/ A A £ Y L3

sauesa (Digit of Morse Code) LazannMUTzNauTl 3-20 §1eilovoIununs Ao dydnual

[

Un NUTENOUN 3-20 YITDVDIHUKS Ao Frydnuaiyn
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o

2. mMsneasiadyuuesameiimuasluuuiiavdmsuaalglunis

'
=

d" I3 o [ d' I~ A =Y QA' 1 a QA'QA a a
#0a15 UYL WARIRIRANSI97 3-2 WewdulAsesliantiglunisdeansniuseansninuin

YunararaIn 539157

A o ! (J a ° U o g vy [ o
BTN 3-2 G]’J@EJ’Nﬂ'ﬁﬂ’WMﬂEULL‘UUWLﬂ‘lﬂﬁ?%iUﬂ’Wﬂ“ﬁﬁ@ﬁ?iL‘U‘L!UiBﬁ]’W

Word/Pharse Morse code B (Matching Morse code
Process)
Yes - 1011 dash dot dash dash
No - 10 dash dot
Hungry - 10110 dash dot dash dash dot
Thirsty - 10100 dash dot dash dot dot
Turn on Light - 110111 dash dash dot dash dash dash
Turn off Light - 110010 dash dash dot dot dash dot




a4

unil 4
NaN1578

Tuunilazndniwmanismageunisudedinlunii e vunveuiaanis
AUMATLAUIUBI9AMIEnaNN137199 tRaanstiusgisls n1siSeuifisunisaum
FUMLINI9R LAZATSNAGOUNSTNIUYEIIEUY J9HANITNAABUNNSYNILTBISEUUTIIALA
sz fulumuduneuniseonuuuaudseildnanliluund 3 ndwndussifunsiase
uagagunansaaeutiielidlaldienazifunumisluns@nyviuagiluiamusesen
solu Feanunsouuald 5 Wideden fie

1. nan1snadaunsuusdiuvaslund unsvmegeunismvuaveuLun
gosmlidvunndnas Inedsnnsenen Weanssezailunmsieuvesssuuuasldnadng
ﬁLLamﬂJaULsummmqmﬁﬁmmgﬂéfmLLazLLm'ush

2. NANTSNAGBUNTZUIUNTTATAAIUA9AT LunsidSeuifisunisaum
AILNUIID9A28M1A78 Viola-Jones 11 Color Space fumns1efu Ao Mixture of RGB,
Weighted Grayscale wa¢ Grayscale

3. nan1MAdaUNIIsEesinsvasnmluniiszninansutdagtuiumsy
f\'auwﬂ%ﬁaizqamuzﬂﬂm Junsmsgeemsivangaufiansaszyaonuzanild

4. NAN1INAFUNNSNNUVLSEUU LTUNTnagaun1suUanIURLNeaIn
msnerdunidusiauesafiedonnunune Sanunsautinisaensiadyyamesasenduy
2 sULUY e JUNUURISAuIAwISanguuaznnsivunsUuuUTitadviuAldlunig
doasiJuusesn

5. A19814N1500ATHANDIAAINNITNTNIUAT LTUNITLANIAIBE19N1S

NOATHAR I UNOTALAZNITRANIINZNIUATLUY Involuntary aenly

4.1 WANISNAFIUNISHUSEIUVBI LU

A1NTVON 3.1.1 NS UtAIUUaIluntn LTUNITAINUATDULINNITAUNI
AILNUIVDIAMAT LINDINAANITAUMTAIUS I UNUNNENAY HadnsnlaannszuIunNIsiAe

EyeROI sauluiidetagidunisnageunisasns EyeROl Todiiuiianas wisiunisanan
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Tun15m5793UMI9IAN A28A156T Face Golden Ratio (NMWUSENBUT 4-2) SAUAUNITHUS

dnaruvaslunin

Frame !

|
{ I
(Image) —>{ Case A [ Result :
| I
| I

Face Region

|
|
Face Detection T
|
|

A
(@)
[\)]
n
(0]
@
X
0]
I
[
-

¥
(@)
Q
w
)
(@]
o
D
1%}
c
=

AMNUTLNBUN 4-1 NISNAFDINTITWUIEILYRILUNT

Tun15a09IN15UL ULV LUNTUNDATNUATD ULYARTLAUIVDIA IR

(EyeRON @1unsanuan1snaassesndy 3 n1snaassnininusenaufl 4-1 lnounagnis

NeaedldnImedn Ao Face Region (AMMWANUTURBUNNSATITULUNE) el
1. Case A A9 N1INAaRINIshusduvasluntneanlu 4 dumuvive

3.1.1 (MnUsEnaudl 3-3) ngsEUvaULUANITAUMI VBRI NLNAMAIMIENITHUIATININ

[ ' (%

Tunti (Face Region) Tunwannu x waghuikny y aglanuinaula A Aun A uaziiud B

YRINNUTENBUN 3-3

2. Case B Ao n1snaassn1suusdiuveslunin (Face Region) A18 Face

Golden Ratio muuuauny y Ingazuusnwlundndu 3 drumingiu auuuannuy y 2

A

SEUNNAIPIAD WUN B 989n1nUsenaud 4-2

]
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AmUsEnauN 4-2 MsiusdndiuluntinuesnIn Face Region NlAIINTUADUNITATIATU

Tuntineie Face Golden Ratio MULUILAY Y

3. Case C @ N15¥1AMALAA1N Case A (@ulauilean1swuansInIw Face

Region Tuluiwnu y) 41 Intersect fiu Case B (AN B) #uanssinndsznauil 4-3

AMNUTZNBUN 4-3 MWUEARINITVAADIUDY Case C
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Falun1smaasenisuusdrulunin aldamlundnssanyadeyaravan
324 a1 e FUNIMNARIUN Sy UILN13A5933ulunt (Face Detection) Litelikadnsilu

Annsgydndluni (Face Region) Aaufivguruinagounisuisdiuvaslunti dq

AMnUsenaun 4-1

A99% 4-1 wan1svaaesnskusdluningaeisn1Tne

mwgné’n’aﬂums‘lﬁdquﬁﬁ
N1INAADI . g
#9UUTTNIUVDINIININNUA (%)
Case A 100.00
Case B 85.49
Case C 85.49

Case A Tvinaanslun1suusd1uv0aluntnNdA U bl ug1U1N wanIAa

(%

ANUTENOUN 4-4 haz Nanlaann Case B way Case C lianunsaldlaiiiasanniiunfnnium

YBULIAYBINATY tngUvasnnilinsussAUsEnay aunsagliainamusenaun 4-5

FHITUNIANUATDUIRYDI I UNTNANN TV LA Lae S NNsuusduluntinale Case A
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a) Face Region d) Result of Case C

ANUTENOUT 4-4 madlaannnimadeunisuusdluninnagisnismieg
a) Muluni (MwAsew)  b) wanildainnimaass Case A

o) HaNlAaINNISNAaRY Case B d) Nafl@ainn1snaass Case C

c) Result of Case B

a) Face Region d) Result of Case C

.
. -

anUsenaul 4-5 nafildannnisnageunisuisdnduntiieiinisnenfidauianain
a) awlunth (rmiedy)  b) wafildarnnisnaaes Case A
o) nafildannisnaaes Case B fifinnufianain
d) wafildannnsmaaes Case C AifAuAANE1R
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4.2 WANITVAFDUNTEUIUNITATIVIUAAN

MINAFOUNTEVIUNTATIVTUAIIAN LileAumAumafiszyIndunaem
(Eye Region) ¢t Viola-Jones Algorithm 157l#i11 Viola-Jones Algorithm wnsauun Ay
LL&JuETWLLasUisﬁw%mwmwﬁué’aaﬁ'ﬁmiﬂ%’uﬂgq Color Space fig Weighted Grayscale (WGr)
waz Mixture of RGB (MRGB) Wisuiiieuiu Grayscale (Gr) Saifudiunuuves Viola-Jones

Algorithm fanwusenaudl 4-6

r—-———=—=——=— hl
: Color Space :
| |
. ' Gr ' .
Face Region I I Viola Jones Eye
—> —>
(RGB) | wGr | Detector
| |
: mRGB | |
y
o __ |
Eye Region

AMUITZNBUN 4-6 TUNDUNITVNAFDUNTEUIUNITNTIVIUANA

4.2.1 Grayscale

lun15n5393uingaae Original Viola-Jones Algorithm [37] 9z 14 a1

JzAUd (Grayscale Image) unmiildlunisasrsduingisaula Gsnisudasawdilu

Asesua Tenanlslushded 2.3.4
4.2.2 Weighted Grayscale

ANNTAANY Watsusuildsuatvinlunisiuasnnadiduninsesudim

nnsneaey 1suamlunthannyadeyaravian 324 21 lagnIskeNN1IATITIUANAN
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A28 Viola-Jones Detector tNDAUNIAILAUIVDINIIAN TUwAaL Channel 9898 RGB &4

NIZUIUNMITVIAFDUNOMIANUIIN (Weight) U89 Weighted Grayscale AsnwUsznaudl 4-7

Face Region (RGB)

Red (R) Green (G) Blue (B)

y ) )
Viola-Jones Viola-Jones Viola-Jones
Detector Detector Detector
y A )

Eye Region of Eye Region of Eye Region of
Red Green Blue
y A \ 4

Weighted Grayscale (wWGr)

AMUIZNBUN 4-7 NSNAGOUMIANUNINTINUDY Weighted Grayscale

AN 4-2 WAASINUIUNAUMIAILN U999 T UFaE Channel

Channel Number of detected eye
Red (R) 311
Green (G) 323

Blue (B) 324
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d' S g a
INNIT1N 4-2 Li']ﬁ']ll'ﬁﬂLLfiﬂ,‘Uﬂﬂ‘L\l’MUﬂi‘L\lﬂWiLL‘U@Qﬂ’]W’ﬂWﬂﬂ’]‘WﬁLUUﬂWW

[y

sesuamlalysdannaunsi (4-1)
wGr =0.325R +0.337G +0.338B (4a-1)

) R Ao AURIALAIlLSEUUA RGB
G Ao Avesdledlussuud RGB

B Ao Avesduulusyuud RGB

4.2.3 Mixture of RGB

Mixture of RGB [38] 1{u Color Space filduurfnfiugiuainaing (RGB
Image) Fanndusegnaulumsavesdlunsay Channel Ao duns @187 wazdudu ¢

ANUsENaUTN 4-8 Tnananni15vinaIured mRGB lananiluiiden 3.2.2

a) Input Image b) Red Channel

c) Green Channel d) Blue Channel

ANUSENDUN 4-8 MWAURUULALANAINULUNYBILEILLLAAZE (A9, W7, U1E) [38]
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a) Predicted eye position of red channel

b) Predicted eye position of green channel

¢) Predicted eye position of blue channel

d) Predicted eye position of red,green and blue channels

e) Intersection area predicted eye position from red, green
and blue channels

AMUTENOUTN 4-9 NANITNAABINITATIVIUAIAIAEY Viola-Jones Algorithm with mRGB

A1y EyePairBig [38]

% 1

ANUSENBUN 4-9 LLamgﬂmamaLLammsm’;fﬁumamé’w Viola-Jones

¥
% 2

Algorithm with mRGB laefl l@udnas Ao Wuiinlaainn1sns1adunaennie Viola-Jones

¥
A A

Algorithm with Red Channel, 1@u@lle7 Ao NuNilAann15ns293UnemIA2e Viola-Jones

v
o a A

Algorithm with Green Channel, ldudtiu Ao NUNNLAINA1T0TI9TUAINIAY Viola-
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(%

Jones Algorithm with Blue Channel uag wdudvuy Ao NUNNLAINNITATIATUAIM Y

Viola-Jones Algorithm with mRGB Color Space

TUNISNAFBUNTLUIUNTITATIAIULALANTAUNIAIIAT L5 LA TR U6
axadusaelusunsy Matlab 2016a waglia3asile Viola-Jones Vision System Toolbox i
MsWauALLusTluNNInTIITULAT S AUMA U e I Bslunisnadeuiildnim
Tunthainyadogaianua 324 nm wagld Training Set 49 Matlab viarnuanslaag &

A15799 4-3 ' megauluusiay Color Space (Gr, wGr, mRGB)

AT 4-3 LAAITUIATBIAINTIIUAIN Viola-Jones Vision System Toolbox

Model of Detector Size of Detector (pixel)
EyePairBig 11x45
EyePairSmall 5x22
LeftEye 12x18
RightEye 12x18
LeftEyeCART 20x20
RightEyeCART 20x20

= d' § @ 3 1 o [y
A15197 4-4 wag M15197 4-5 LERLUBSIFUATDIAULIUEIUNITNTIATY

LAZTEYAWLNT097 991 AUEANAINLUN15ATI9TU Tned

- Right Prediction (R) Al Wesidudvasninugnaodlunisyinunemunisesmian
- False Negative (FN) A WWesidufvoinnuidnnainlun1snsiadunimi lnefinuni
1o laldasurianaem

- Error Detection (ER) A9 wasi@udunininunianainlunsiadunias



M1597 4-4 1Wesigunnugnaadlun1snTIIuAInIue mRGB wag wGr
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Detector mRGB Wer
R FN ER R FN ER
EyePairBig 99.69 0.00 0.31 99.38 0.62 0.00
EyePairSmall 96.61 1.23 2.16 95.68 3.09 1.23
LeftEye 98.77 0.93 0.30 98.76 1.24 0.00
RightEye 99.69 0.31 0.00 99.38 0.62 0.00
LeftEyeCART 100.00 0.00 0.00 100.00 0.00 0.00
RightEyeCART 100.00 0.00 0.00 100.00 0.00 0.00

AN519% 4-5 WeasliuRnNgNAeTluNIsNTIITUARMIVDY Gr

Gr [37]
Detector
R FN ER
EyePairBig 99.07 0.93 0.00
EyePairSmall 95.68 3.08 1.24
LeftEye 98.15 1.54 0.31
RightEye 99.69 0.31 0.00
LeftEyeCART 100.00 0.00 0.00
RightEyeCART 100.00 0.00 0.00
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a) EyePairBig

¢) RightEye d) LeftEye
e) RightEyeCART f) LeftEyeCART

ﬂWWUigﬂaUﬁ 4-10 CghaEJI'Nﬂ'ﬁmﬂaaﬂﬂqiﬁquﬂﬁﬂmqﬁjﬂiﬂLﬂaﬂ'ﬁfﬂi'}"ﬂ%}UﬁLW]ﬂC‘hQﬁJusﬂa\ﬁ
waz Color Space (Gr, wGr, mRGB) [38]

ANUTENDUN 4-10 LAAINISIUSUTBUNANLEAAINAITNABDINITATIATULAY

N335 UMUNLIYBIAIRIAIE Viola-Jones Ul Color Space #1147 Mllnsiadulagniesuazdl
AUBUUET FUFUAAILEAINANITATIVIUAMAINY Gr LEUAVIILEAINANITATIVIUAIIAN

¥ Y L% v
A8 war LASLEAUATUWUANINANTIIATIVIUANAINIY mMRGB
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a) b) c)

AMNUsZNOUTN 4-11 AI9E1INITATINTUAISITIRANAIAAIE EyePairBig

AMUTENOUT 4-11 wansiegan1sasiadusenfifiauianain saee
51930 EyePairBig lnefi nmuseneudl 4-11 (a) Ao n1smsradunisniiienainves Gr (1
funtsiufivesan) amUsznoud 4-11 (b) fe nsmsradumediianaiaves wer (U
Funiaresnenfildasussfuszneu) way nMmusEnaudl 4-11 () fie N15R5I9TUAIMT

NaWaInuee mRGB

a) b)

AMUTZNBUN 4-12 Feg19N1InTIATUANMIARANAIAAIY EyePairSmall

ANUTENBUN 4-12 LARIFAIDE19NITATIAIUAIYANLANURANAN AILA2
#5799V EyePairSmall lag?l nMnUsenoudl 4-12 (a) A N1SATITUANATRANAIAVBY Gr

ke WGr (LAFraNuNve9@l) kag AMNUsEnaun 4-12 (b) A8 N1SASIATUANAINRANAIA
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Y949 Gr, wGr Wag mRGB (LAsunisnasiunvesgayn Nlanuas1eafeiunIsnsiaduniem

wuuiue)

AMUTZNBUN 4-13 FDgNNITATINTUANAITIRANAIAME RightEye

AMUsENaUT 4-13 Lansiog1In1snTIaTUREmTidinuRanatn faes
a3995U RightEye Inefi aMnuseneud 4-13 (a) Ao n1595995UAImIiRANaInves mRGB
(@umisituiveia) Amuszneuit 4-13 (b) Ao Msmsradumemfiiawainvos war (g
Fuveiufivesia) war nMUszneudt 4-13 (©) e MInTIadunmITiRANaIAYes Gr uas

wGr (lasundsiunvesdn)

AMUsZNEUN 4-14 FI9g1INIIATINTUANATIRANAIAME LeftEye
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ANUTENBUN 4-14 LAAIFIDEIINITHTIRIUAILANLANURANAN AILHD
M3999U LeftEye 1ae?l nnUsznaudl 4-14 (a) A N19RMTIIIUANAINRANAIATEI Gr LAy

wGr (L@fundsvesnremiilinsuesdusenevnayiddunieiufivosialu wer) uas
AmUsznauil 4-14 (b) e MsnsradumeTiRanaInues Gr, wGr was mRGB (Lamumnis
ﬁuaaﬁuﬁﬁuaaﬁa)

TUNITAUNIR LN UIVOIAIINIAIYAINTIVIU RightEyeCART Lay
LeftEyeCART nafilgannmisnaassninlunth fanun 324 a1 waitldde @1u13ansi9du

AIPLANNANANUNATLAIINANTTN 4-0 UaEA1519T 4-5

NITNAADUNITNTINTVLATNITAUNIAILAUIVDIAIIAAIY Viola-Jones
Algorithm with Color Space #1149 AUIUIALULABTDIAINTIVIULANAIIAUY VUIANUTIVDS

LY [ ) o o da 1 & 1 d'
nsnTaTuaNaAdudnuilsdudsdryidnadenisuszananalutuneusely a19199 4-6

a

WEARINITIUTI U B U SIS UAUDINUNNTVUIALENNIIVDY WGr AU Gr LaZA1TI9N 4-7 LAn4

'
[ 1

ANLRASVBINUNNTEYINTUAILIUIA19R1U89 MRGB, WGr kag Gr

]

‘:4' - ~ ¢ & & & Ad o Ao & |
A1 4-6 NMSLUTIUNYULUBSLGUAVDINUNNGNNTIFAUNHUVUIALANNINVDY WGr Lag Gr

Y

Detector WGr fvunaidnndn | Gr dvwiadnndn | wGr dvunawindunu
Gr (%) wGr (%) Gr (%)
EyePairBig 51.55 34.16 14.29
EyePairSmall 46.45 44.84 8.71
LeftEye 49.54 39.01 11.45
RightEye 47.37 40.56 12.07
LeftEyeCART 32.30 31.99 35.71
RightEyeCART 31.79 32.10 36.11
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A9 4-7 WEAIANAALVDINUNTIDNATIIIUVBY MRGB, WGr kay Gr

Y

Size (pixels)
Detector
mRGB wGr Gr
EyePairBig 17,886 19,527 18,972
EyePairSmall 13,255 13,365 13,365
LeftEye 9,085 10,086 10,004
RightEye 9,595 10,201 10,000
LeftEyeCART 14,751 15,862 17,120
RightEyeCART 9,603 9,409 10,000

M15997 4-8 uansdnsduNSsususuIAiuNNsE Y dunan s

mMRGB U Gr ngdnsiarumltaan

. Area
ratio = ——=€ (@-2)
Area,,
do  Ared g, Ao duiiiszydndusumtafiem ¢ mRGB Color Space
Area,, fio ﬁuﬁﬁisq’m@uﬁ%mmé’wm 18 Grayscale Color Space

AN57197 4-8 WARNSDNTIAIUVDIVUIANUTNN MU MRGB #18 Gr

Detection Ratio
EyePairBig 0.87
EyePairSmall 0.85
LeftEye 0.71
RightEye 0.78
LeftEyeCART 091
RightEyeCART 0.98
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INNITVAADINITATIITULAL AUNIFILNUITDIA9IAIA28 Viola-Jones
Algorithm N3¥UIUN5 MRGB Color Space fiAuuiuglunsnsiaduwasssydunueves
asmuazlinadnslunisnisnsrduiidvunidniigaluussni Color Space duqilaunun

126510

4.3  HaN1MAFAUNMINITEENIvRannatsn wlunthsendtansutagiuiumsy

nouniiessyanuzlann

Tunsnaaeumszozsinsvesganenarsnwlunia (Face Region) 581314
wlsutlagtuiumsurouniuieszyaniuglan Sanm Face Region \unadwndiildan
funounismrndulunth Tnsmsmeaouildiflestomn 10 TAle FeusiariRlonsdinisnewiv
aney Wnensnagevagldannisueaniuiisuiussuuiue tnelunsmssegringseninega

2 99 @ laann

d= \/( Ppre_F (X) - I:)curr_F (X))2 + ( Ppre_F (y) - Pcurr_F (y))2 (4-3)

do d AD NIITMTLEENNTENINNAN 2 90

Prer(Xy) #e gainansamlunihveansuneuni

Pur £ (X Y) o qefsnarsnmlunihasansuilagdu
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M50 4-9 UARINANITNAFBUNITMNSEEEIaRaRannaan wlumisenitansutagtu

L ! 4 d‘ a ! dl 1 U
fussunauniivessyanusUan Tudn d Aisineiu

wanssuauvasn1slan (Asq)

Experiment (Predict)
Video | actual | tezvinsvasgansnatsvasawlunthssudnamsudagiuiumsy

(Real) rouwdh (d)

0 1 2 3 4 5 6 7 8 9 10
V001 8 0 4 5 6 7 7 7 8 8
V002 | 12 ol 0| 2|58 |9 |12|12]12]12]12
V003 7 0 1 3 4 5 6 7 7 7 7 7
V004 7 0 1 1 5 6 7 ! ! ! ! !
V005 7 0 0 3 5 7 7 7 7 7 7 7
V006 5 0 0 1 1 3 3 a a a4 5 5
VOOo7 8 0 0 0 1 2 4 5 5 6 6 8
V008 4 0 0 0 2 2 2 2 2 3 3 a4
V009 6 0 1 1 3 3 3 4 4 5 6 6
V010 8 0 1 2 5 6 6 7 8 8 8 8

A151991 4-9 LARINANITNAZBUNITUITLUL UM NIURTITENI1N T

Hagtuiusuieuntuitessyaniuglam Tusn d s 0 81 10 TwadwsTuandlunss
wansfesaunsnn Sedimheduads lnennsifudmaunisned 2 Snvaz Ae de
a9 (Actual/Real Column) tay AIBNITNARDIVDITZUU (Experiment/Predict Column)
MNNINAaesNUI sregiinsvasnmlunihseninasutaguiuimsuneuninilosey

A0ULUAMINY ANTLVNNZAUNUNISNAADY A 10

4.4 NANISNAGIUNITYINGIUYBITEUY

ANSNAABUITUUYBIUITETUNL TUNADIIA LB MUNISNAABUIZUU FINITANAY

Yy  aa o & v a & v Y v av v o = Y  aa
ﬂa@x‘nﬂia C\]']LUUW@Q@@IG]Qﬂaaﬁﬂquwuqﬂ@\‘]uﬂﬁa Iﬂﬂﬂ']WVll@"U']ﬂﬂ'ﬁuuchﬂﬂa@ﬂ'ﬂ(ﬂi@
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dndusoslaninluntdinse (Frontal Face) tiialsladiudsenavaasluntiasuyn

dwdsznau (A7 91 ayn Un)

Next Alphabet/Word

P (90 frames)
Frame B
Object Tracking VIR
oh € Object Detection Phase <€—» Learning Phase
ase

Translate (45 frames)
Close Eye State Data Set

\ 4

Eye Blink Classification Phase

Eye Blink Data Set (A)

Y

Matching Process
» —J
X — A('D B » Output

A

Template (B)
Condition of Morse Code Decoder
1. Alphabet (A-Z) N=1to 4
2. Special Word/Phrase

Interpretation Phase

Morse Decoding Phase

AMNUSENBUN 4-15 FURDUNITININUYBINTZTUIUNSHUAAIUANIEIINAITNENTUAT

N1IMAERUNIIINUTetTEUY ssuulagniaunliaiuisawdaninunune
INAINTNIUATNTONTODATHAA Y QYIUNDTAINAITATNIUAT ALTURDUNTVINTULAAIA

ANUsENBURN 4-15 1A8A1TNAERUNISYINIUTDIsEUUTU L5 lUlUsIATY OpenCV Tunns

nAgeUsTUU Wadnuszavsninuazanugnaedunisyiauvesszuy
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NINAADUNISINUTBIsEUUANANNISAN T LAaundl 3 Tildeanuuull
FanmsvadeuaInsaulssaeveendu 2 nsdl e
1. msnensiadyauueiamesULuufMnyIn1¥dingy (A-2)
2. msneasiadyaumesamefunsUuuuTitaydmiumililunsg

[

doanslulszdn
4.4.1 nsnaAsHEdYIMNETEAI8ULUUAIBNEINEIBINgY

A9 NTLUIUNITWUAAIIUNUIEVBINITNENTUAIAIENISIETULUUSN YT

Mw89ngY (A-2) Lieldlunsdenumaneg

N=1 N=3 N=4

T- (B=1 O --- (B=111) Q --.- (B=1101)

E (B=0) G --. (B=110) Z --.. (B=1100)

K -.- (B=101) Y -.-- (B=1011)

=2 D -.. (B=100) C -.-. (B=1010)

M -- (B=11) W .-- (B=011) X -..- (B=1001)

N -. (B=10) R .-. (B=010) B - (B = 1000)

A .- (B=01) U ..- (B=001) J .--- (B=0111)

I (B = 00) S . (B = 000) P .--. (B=0110)

L .-.. (B=0100)

Error of N = 4 F ..-. (B=0010)

1. ---- (B=1111) 3. .-.- (B=0101) v ...- (B=0000)
2. ---. (B=1110) 4. ..-- (B=0011) A (B = 0000)

= = o a v
AUsENOUT 4-16 Haulun15yinuYeINsEUIUNISHUAAINMINEIINATTAEHIUAIAIY

AIBNYINIYDINGY
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M, N, A LLag |
3. N =3 fp UIUTHaNIANNU 3 Ussnaulusieg 8 Aionuys LA
O, G K D,WR,ULWag S
4. N =4 fe UUsHaNesawiniu 4 Usenaulusme 12 fones Lawn
Q,7ZY,CX B, JPLFViagH
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MBI WIS HANDFAWIAU 1

Actual
Alphabet N=1
T E

-+
o T 100.00 0.00
£ \n
o pd
u% E 0.00 100.00
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13799 4-11 Wesidudanugnaedlunsuuannumineannsnensunmeienys

AN BVDIIUIUTHANDTAMIAU 2

Actual
Alphabet N=2
M N A I
e M | 100.00 0.00 0.00 0.00
% ) N 0.00 | 100.00 0.00 0.00
g A 0.00 0.00 | 100.00 0.00
i I 0.00 0.00 0.00 | 100.00

13797 4-12 Wesidudanugnaedlunisuuamnumuneannsnensummedisnys

AIBINGWIDIIUIUTHAUDSAWIAU 3

Actual
Alphabet N=3
O G K D w R U S
O | 100.00 | 0.00 0.00 0.00 | 0.00| 0.00| 0.00 0.00
G 0.00 | 90.00 0.00 0.00 | 0.00| 0.00| 0.00 0.00
K 0.00 | 0.00 | 90.00 500 0.00| 0.00| 5.00 0.00
45' “I'I’ D 0.00 | 0.00 500 | 85.00| 5.00| 0.00| 0.00 0.00
£ zZ | W 0.00 | 0.00 0.00 0.00 | 85.00 | 10.00 | 0.00 0.00
g’_ R 0.00 | 0.00 0.00 0.00 | 5.00| 90.00| 0.00 0.00
i U 0.00 | 5.00 5.00 0.00 | 5.00| 0.00| 95.00 0.00
S 0.00 | 0.00 0.00 0.00| 0.00| 0.00| 0.00| 100.00
Error of

N %3 0.00 | 5.00 0.00 | 10.00| 0.00| 0.00| 0.00 0.00




#1579% 4-13 WesidudanugnaedlunsuuamnumungannsnensummedisnyInwding wuesdnwiusianesawiiu 4

Actual
Alphabet N=4
Q 4 Y C X B J P L F \Y H
Q| 90.00| 0.00| 0.00| 0.00| 0.00| 0.00 0.00 | 0.00| 0.00| 0.00| 0.00 0.00
Z | 10.00| 85.00| 0.00| 0.00| 0.00| 0.00 0.00 | 0.00| 0.00| 0.00| 0.00 0.00
Y 0.00 | 0.00| 95.00| 5.00| 5.00| 0.00 0.00 | 0.00| 0.00| 0.00| 0.00 0.00
C 0.00 | 0.00| 0.00| 90.00| 0.00| 0.00 0.00 | 0.00| 0.00| 0.00| 0.00 0.00
X 0.00 | 0.00| 0.00| 0.00| 90.00 | 15.00 0.00 | 0.00| 0.00| 0.00| 0.00 0.00
<”r B 0.00| 500| 0.00| 0.00| 0.00| 85.00 0.00| 0.00| 0.00| 0.00| 0.00 0.00
+ z J 0.00| 0.00| 0.00| 0.00| 0.00| 0.00|100.00| 5.00| 0.00| 0.00| 0.00 0.00
E P 0.00 | 500| 0.00| 0.00| 0.00| 0.00 0.00 | 90.00 | 5.00| 0.00| 5.00 0.00
2 L 0.00| 0.00| 0.00| 0.00| 0.00| 0.00 0.00 | 0.00| 95.00| 5.00| 0.00 0.00
i F 0.00 | 0.00| 0.00| 0.00| 0.00| 0.00 0.00 | 0.00| 0.00| 85.00| 0.00 0.00
\ 0.00| 0.00| 0.00| 0.00| 5.00| 0.00 0.00| 0.00| 0.00| 0.00| 80.00 0.00
H 0.00| 0.00| 0.00| 0.00| 0.00| 0.00 0.00| 0.00| 0.00| 0.00| 0.00 | 100.00
Error of
N <4 0.00| 500| 0.00| 5.00| 0.00| 0.00 0.00 | 5.00| 0.00| 10.00 | 10.00 0.00
Error of
N %4 0.00| 0.00]| 5.00| 0.00 0.00| 0.00 0.00 | 0.00| 0.00| 0.00| 5.00 0.00
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Eye Blink Data Set (A)
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Matching Falunszuiunisdugniswlannununeainnensuaiusianesa aunisi (3-15)
Tudef 3421y B fle suuuuiiievdmsumildlunisdearsdudsza
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Actual (Real)
Special
Turn on Turn off
Word/Phrase No Yes | Hungry | Thirsty . )
light Light
No 100.00 0.00 0.00 0.00 0.00 0.00
Yes 0.00 96.67 0.00 0.00 0.00 0.00
% Hungry 0.00 0.00 93.33 0.00 0.00 0.00
@
& | Thirsty 0.00 0.00 0.00 96.67 0.00 0.00
IS
o | Turn on
£ . 0.00 0.00 0.00 0.00 90.00 0.00
S light
Q’ Turn off
L . 0.00 0.00 0.00 0.00 0.00 86.67
light
“Not
0.00 3.33 6.67 3.33 10.00 13.33
Match”
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Open & Close Eye State Plot
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ABSTRACT

In this paper, we introduced two case studies to improve Viola-
Jones for eye position prediction. The gray scale image was used
as lesting image for Viola-Jones to predict face, eve, and mouth
position from the image. The first case study was a different
weight parameter set of RGB image to gray scale image converter
(wGr). The introduced weighted parameters were extracted from
correlation of each color space to obtain the accuracy of eye
position prediction by Viola-Jones. Another case study was the
Mixture of RGB (mRGB) which each color: Red, Green, and Blue
layer (0-255) was used as gray scale testing image separately.
Two-thirds intersection region from each color layers was eye
predicted area. Experimental results showed different accuracy of
the two case studies which accuracy of mRGB was better than
that of wGr and normal gray scale. Furthermore, computational
cost of mRGB was higher than others, but predicted area of
mRGB was the smallest. The small area of eye position will be
used in next process for eve blink decoding. The decoding
massage could help paralysis patients to communicate with
caretakers.

CCS Concepts
* Computi thodologies—Image tion.
Keywords

Eye detection; Viola-Jones; Weighted gray scale.

1. INTRODUCTION

Nowadays, paralysis patients are increasing in Thailand. A
problem of the patient is about the communication with medical
caretaker and relatives. Most of the patients cannot speak, but eye
blink is in good condition. Therefore, the eye blink decoding is a
high efficient methed for the patients to communicate with other
people.

In principle, eve position must be located for eye blink decoding.
Thus, a popular face detection algorithm named Viola-Jones [6]
should be improved to increase accuracy for eye position
detection. The environment of the patient’s room is controlled
while variation of light in the room is low for a whole day. The
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classical Viola-Jones algorithm for face detection is operated on
gray scale space. In this paper, we introduced case studies to
improve efficiency of Viola-Jones for face detection operated on
mixture of RGB and weighted gray scale, leading to higher
detection rates and accurate detection when compared to previous
work.

2. LITERATURE REVIEW

Several researchers have developed algorithms to extract face and
eye positions. Alioua et al. [1] applied Support vector machine
(SVM) to extract face position. The SVM is a very high accuracy
machine for learning algorithm, but the use of computational
resource is a disadvantage because of algorithms complexity.
Choi et al. [2] introduced Modified census transform (MCT) to
reduce illumination variance in testing and training data set for
Adaboost classifier for face recognition. A result of applied MCT
to Adaboost improved speed of Adaboost, however, a number of
missing detection remained high. Color spaces such as RGB,
YCbCr, YCbCr and HSV are adapted to extract possibility of
face position by color comparison, but the background color and
nationality reduce the accuracy of these techniques. The
geometries of human face parameters mntroduced by previous
reports [3-4] are a fast technique to analyse face, eyes, noses and
mouth ratios but cause high missing rate. It has been reported that
histogram of texture was applied to extract eye position in an
image, however, the efficiency of this techmique depends on
contrast and illumination of image [5].

Machine leamning algorithm named Viola-Jones is a high
efficiency algorithm to extract possibility of face, eyes, and mouth
positions because of low computational cost and less false
prediction rate [6]. Efficiency of classical Viola-Jones algorithm
to extract eyes positions were investigated by previous reports [7-
8]. Many researchers have improved speed and accuracy of Viola-
Jones. Improvement of algorithms can be divided into three
groups:  Pre-processing, Processing, and Post-processing
improvement algorithms

Color spaces: RGB, RGB-CbCrCg, YCbCr and HSV are applied
in Pre-processing stafe to create region of interest (ROI) of face
position in an image by color comparison [9-11]. These
techmques reduce numbers of shding windows loop of Viola-
Jones, but object color which is close to face color will decrease
the efficiency of Viola-Jones

A single windows size of windows sliding in Viola-Jones is
specified for Processing improvement. The run-time adaptive
sliding windows have been introduced by Comaschi et al. to
improve efficiency [12]. Pre-selected feature by evolution
algorithm is applied in Training process to increase efficiency of
Viola-Jones. Moreover, Li et al. [13] applied SVM model to
predict feature image in training dataset.

81



For Post-processing improvement, Maghraby et al. [14] applied
skin classification to confirm the detected object from Viola-
Jones. Da'san et al. [15] studied the Gabor Filter Wavelet,
Principal Component Analysis (PCA), and Neural-network to
classify the interested or non-interested objects from Viola-Tones
results. The incline face detection was improved by Geometric
Normalization introduced by Talele et al. [16]. It was reported that
Geometric Normalization could improve the capability of
Classical Viola-Jones but not support incline face. In contrast to
high cost of detection, the algorithms adapted to Viola-Jones can
increase the detection accuracy.

In this paper, the preprocessing algorithms, weighted gray scale
and mixture of RGB were investigated to improve the
performance of Viola-Jones. The contrast, brightness, and
environmental conditions were less affected the possibility of eyes
positions by Viola-Jones.

3. VIOLA-JONES WEIGHTED GRAY
SCALE AND WITH MIXTURE OF RGB

Viola-Jones algorithm [6] provides high and rapid detection rates
which contains three distinguished keys: Integral Image, Adaboost
Learning, and Cascade Classifier. The Integral image was
computed from input image and represented adjacent area. The

value of the integral image at a window (i(x,3")) is a summation
of pixels above and to the left of (x,y) as follows in the
windows (24x24 pixels):

e, y)= >, #x,y) ®

rExy<y

Haar-Like features were applied in this algorithm which was
divided into three kinds of features: two-rectangle feature, three-
rectangle feature, and four-rectangle feature as shown in Figure 1.

A value extracted from Integral image differences in adjacent
areas based on Haar-Like features presented the rapid and

efficient feature.

[ o D

Figure 1. Haar-Like features [6].
(a) and (b) two-rectangle (c) three-rectangle (d) four-
rectangle.
Adaboost Learning algorithm is a method for constructing a
classifier by the rectangle features. It is divided into face or non-
face region. This algorithm will select features representing
possible face with threshold (weak classifier) and create a strong
final classifier which modified Adaboost algorithm will reduce
computational cost. The weak classifier (hj(x)) was calculated

by an equation below:
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Where x is 24x24 pixels sub window, P, is parity, fj is Haar

features, Hj is threshold and weak classifier.

The final strong classifier (f(x)) was created by combining weak
classifier. It is calculated by

)= ok (x) ®

Where /.(x) is a result of weak classifier and o, is weight
calculated by the Adaboost.

The Cascade process (Figure 2) was used to increase detection
and decrease false positive rate by the same classifier. Each stage
in cascade decreased the number of computation. The original
Viola-Jones algorithm used gray scale image to calculate Integral
Image. In case of nationality and brightness difference between
training and testing set, Viola-Jones efficiency was discouraged.
Therefore, in this study, we improved Viola-Jones algorithm for
different nationality between training and testing set. Two color
space models; Weighted Gray Scale (wGr) and Mixture RGB
(mRGB), were used as image features for process of Integral
Image calculation to compare with original Viola-Jones.

QYD
T T T Fuher
- 3

Reject Sub-window

Figure 2. The structure of cascade classifier [6].

3.1 Weighted Grayscale (wGr)

Normal gray scale image is an average image from RGB image
with 0.299, 0.587, and 0.114 weights for red, green, and blue
components, respectively. This studied case introduced different
parameters set for RGB to gray scale image converter. From 324
face images testing set, red, green, and blue color layers of each
face image were extracted as separated gray scale image Gr, Ga,
and Gp (0-255) for original Viola-jones to detect eye position,
respectively. Thus, 311, 323, and 324 images were number of
correctly predicted eye positions by Viola-Jones from Gy, Gg, and
Gp, accordingly. A new normalized weight parameters RGB to
gray scale converter was as follow:

wGr=0325R+0337G+0.3388B €3]

where R, G, and B are red, green, and blue color channels,
respectively.

3.2 Mixture of RGB (mRGB)

For our second study, RGB color space consisted of three
independent channels red, green and blue primary color
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components. Each component replaced the intensity information
for Viola-Jones algorithm to predict eye regions. The predicted
regions were represented by logic 1 in a binary image from each
color component. Less two-thirds intersection region of binary
images represent the predicted eyes region by Intersection process
as shown in Figure 3.

InputImage
v
| Extract channel |
) ¥ )
| Rad®) | I GreenlG) | Blue(B) |
Channel Clannel Channel
v v v
| Viola Jones Detector |
v v v
| Red(R) | | GrenG) | Ble(B) |
Region Region Region
v ) v
| Interssction |
v
Eye Regon

Figure 3. mRGB color space flowchart.
4. EXPERIMENTAL RESULT

Matlab 2016 including Viola-Jones vision system toolbox is a
software for our test to improve accuracy of eye detection. The
324 face images were used as a testing set. Viola-Jones required
training image set. Various image sizes for eye detection training
data set by Matlab training dataset were EyePairBig,
EyePairSmall, LeftEye, RightEye, LeftEyeCART, and
RightEyeCART with values of 11x45, 5x22, 12x18, 20x20, and
20x20 pixels, respectively. Table 1 and 2 show percentages of
Right prediction, False negative and Error detection:

- Right prediction (R) is percentage of right prediction
eye position.
- False negative (FN) is percentage of missed and

detected eye position.
- Error detection (ER) is percentage of unpredicted eye
position.
Table 1. Eve detection correction of mRGB and WGr
. mRGB wGr
Detection R_| FN [ ER | R | FN [ ER
EyePairBig 99.69 0.00 | 0.31 99.38 0.62 0.00
EyePairSmall 96.61 123 | 2.16 9568 | 3.09 | 1.23
LeftEye 98.77 0.93 | 0.30 98.76 1.24 0.00
RightEye 99.69 | 0.31 | 0.00 99.38 | 0.62 | 0.00
LeftEyeCART | 100.00 | 0.00 | 0.00 | 100.00 | 0.00 | 0.00
?‘gh‘EVECAR 100.00 | 0.00 | 0.00 | 10000 [ 000 | 000

Table 2. Eye detection correction of normal gray scale
- ’ Normal Gray Scale[6]

R FN ER
EyePairBig 99.07 0.93 0.00
EyePairSmall 95.68 3.08 1.24
LeftEye 98.15 154 0.31
RightEye 9969 031 0.00
LeftEyeCART 100.00 0.00 0.00
RightEyeCART 100.00 0.00 0.00

Area size of eye detection is one of an important parameter
affecting the computation cost for next process. Consequently,
they were compared and represented as the percentage of smaller
area as shown in Table 3. Table 4 shows the average area between
mRGB, wGr, and normal gray scale of 324 face images testing
set.

Table 3. Percentage of area
Detection wGray (%) Gray (%) Equal (%)
EyePairBig 5155 34.16 14.29
EyePairSmall 4645 44384 871
LeftEye 49.54 39.01 1145
RightEye 47.37 4056 12.07
LeftEyeCART 3230 31.99 3571
RightEyeCART 3179 32.10 36.11

Table 4. Average detected area of mRGB, gray scale and
weighted gray scale

g Size (pixels)
mRGB wGr GrayScale
EyePairBig 17886 19527 18972
EyePairSmall 13255 13365 13365
LeftEye 9085 10086 10004
RightEye 9595 10201 10000
LefiEyeCART 14751 15862 17120
RightEyeCART 9603 9409 10000

In case of mRGB and Normal gray scale comparison, the
predicted eye area detected by Viola-Jones with mRGB was the
smallest.

Table S. The ratio of eye size detected by mRGB and normal
gray scale

Detection Area detection by mRGB /area detection
by normal Gray scale
EyeParBig 0.37
EyePairSmall 0.85
LeftEye 071
RightEye 0.78
LeftEyeCART 091
RightEyeCART 0.98

c) RightEye d) LeftEye
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) RightEyeCART ) LeftEyeCART
Figure 4. Example of predicted eye position.

Figure 4 shows the comparison results of Viola-Jones eye
positions detection with different input image. Black, white, and
magenta lines represented the results from input images; normal
gray scale, wGr, and mRGB, respectively.

8

a) Original image

c) Green channel d) Blue channel

e) Predicted eye position of red channel

f) Predicted eye position of Green channel

g) Predicted eye position of Blue channel

h) Predicted eye position of red, green, and blue channels

=y =] = &
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i) Intersection area of predicted eye position from red, green, and
blue channels

Figure 5. Mixture of RGB color space experimental results.
5. CONCLUSION AND FUTURE WORKS

In this paper, we proposed two case studies to improve Viola-
Jones with eye detection. Mixture of RGB color space provided
the highest detection rate and smallest detected area, but
computational cost was three times higher than normal gray scale
and weighted gray scale. The predicted eye area will be further
investigated for next process of eye blink decoding to help
paralysis patients to communicate with caretakers. The smaller of
the predicted area can reduce computational costs of the decoding.
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