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PHURICHAYA CHOKSETTAKIT : DETECTING STUDENT EMOTIONS DURING
ONLINE LEARNING USING ARTIFICIAL INTELLIGENCE SYSTEMS. ADVISOR :
DR.SAROMPORN CHAROENPIT, 120 PP.

The COVID-19 pandemic has significantly impacted education in Thailand,
forcing a shift from traditional classroom teaching to online learning. While online
learning offers several advantages, it also presents challenges, particularly in assessing
student engagement and attention levels. This research aims to develop an emotion
detection system for online learners using artificial intelligence (Al). The system utilizes
image processing and mostly using Convolutional Neural Network techniques to
analyze students' facial expressions and emotions.

The researchers developed software that goes beyond attendance verification
by incorporating emotion recognition. It can identify student faces and categorize their
emotional state as attentive or inattentive during online sessions. While the system
exhibits a 69.2% accuracy rate in recognizing seven emotions (angry, fear, disgust,
happy, sadness, surprise, neutral). The research findings demonstrate a notable level

of accuracy, with the two emotions classification 84.65%.
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a s

ANUNEuULEY  Jwneieiuaatafienfasaulvnudanldidtin - Juausevgidu

e

a [

) Y a a ¢ a = & a v Y
ﬁ']“ﬂ']VUQIUWr]u’JWEHﬂqiﬂaNWULfﬂai LLAEIAINTIN Glmmsm‘{]mmﬂﬂizmwﬁLUUHﬂiLiaugLﬂEJ’m‘U

)

NILUIUNITNITAA NITNTLIN mﬂﬁmama N13USUs V%@ﬂ’]i@‘hﬁlll']u LaYNITVINNIUUDIANDY

¢

TneatouusnvestdyanUseivs T390 J. McCarthy [11] Tulp3andnsiy 1996 @l

a

Na1271 The Goal of Al is to Develop Machines That Behave as Though They were

s A v =

Intelligent &silmnununedn ivnevesdyniusshivg Aon13UseRvgAsoIdnsdeaunse

nanlen wiosdnsmaniuilanuduseaior (12115 Wesuefierumneves
Uayay1Usehngin ﬂmayﬂizﬁwﬁﬁamﬁﬁﬂmL,"?aqsuaaﬂ1§1é’%’Uﬂmu§mﬂ§qL,mé’am N9
Uﬁzmamast’iagamm‘fu wazAdunsiideansenusoduandenty  Swsudlelymidu
Jonlaevnllunsidedulyguseivg saufsnsin, msuansanus, ey, ns
Fou3, NISUTTNARANTWISIINIIA  (Natural Language Processing), N133U3, uae
ANanansalunisadeulmuayinnsing

Mnmiouildndnmtduud  annsaaglanumnelassuvesiintiyan
Usginglain Wuedosdnsiifiarmanansalumsvihanudile Seudesdrnuisine awnsadl
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N155u3 Nsseu; Mmsliwewe waznsunlavieieg e newelulagUyayuseavgniinig
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nldnuneluandded A Jyaussivgianunsaseu; wasiendiuvesluninesnain

<9

sUnild laun welulagnisnsadulunidy

2.2 walulagn1snsraduluni (Face Detection)
waluladnsnsadulund vise Face Detection [16-21] AsnszuIun1slunis
nyyaaeulunt Fazvinmsnsivdeuiiemesdusenausiequiluni laun A1 asaen aun

SuRUn  Teewelulagesadulumihtuaansouusliidu 2 wneny Ao nallauuuly

anwuzlane wazinalawuulinisiieuiveanies

2.2.1 wadawuulanwusanie (feature-based detection)

msvhnuresnunalial asdunsiessidnvaanzunlund Wy e yn
a < d‘

Un s Ingldnumanviseuuuiiasinsadfiiessyudnuazianzmani lngdanesiiug

Tasumnuiey lawn Viola-Jones wag Haar cascades

2.2.2 wiatlauuul¥n1358u3301A384 (machine learning-based detection)

nMshuresumadeil vhalasnisaislunanisBeuiveaedosdilisunis
Ansluuugedoyanmitiitheiiu  TueaszBouizuuvunazaunsousnuozlumiieanain
fngdue 16 wadadlfnadnsulusuaznuniutenisdeuuamesanmwindeusnnn
wiadawuuldanwazianie @wg1e taun Convolutional Neural Networks (CNNs) tag
YOLO (You Only Look Once) dslumafiafasfinmsvhauveaneluladiiyanusshugunld
ailunsiSeuiveya

walulagnsasradulundhdnfenhluiauiseduvelulagasadulunin wagdl
nMsUszgndldlususingg Wy fumnuvaende eRaaayana, funseaia laens
Anszvideyauszying Jusiu

msldmealulagnisidlunihdndudessednseidluiuanududiudn  uasanu

%

desnensgninluldlumneiig . Fadielinsuinalulagnisandnluntiunldau Aasudsli

o
W
Y

gnasaduluntmsueng

2.3 nMsnsdevanwaIzaIsuainIslunt (Facial Emotional Expression Detection)

M3UaneeNMS@NIN (Facial Expression) [22] Ae jULuuMsuansdvinfivauen

= A = d' o 1% d Y = a ° ~
ﬂﬂ@qimﬂﬂusﬂmﬂuu %Qﬂ%uﬂqﬁlﬂaEJULLUaQaﬂ‘@mgsﬂgﬂﬂaquLu@'Uu1UMuq "Nllﬂ']iquVlﬂIUIaEJ



Wl nsnTadeudnvalze1Tuainslunii (Facial Emotional Expression Detection)
[23-26] WumeluladfilisaneifiuneufimesuazimaiaBouiveanies leliaszigunin
uaysryanurensuaivesyana Jlimneiievinliresfmedidla fany uavmeuaues
oensualvesyudld lag W. Mellouk wag W. Handouzi [27] ladinsnumuissaunssulu
WUe “Facial emotion recognition using deep learning: review and insights” §4910N13

NUNIITIUNTINIENUD Tumsduunensualiiy dnasgndwunlndu 6 ensualiiugiu fe
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v A

1) Inss 2) vezuaes 3) naa 4) 3A3Nae 5) @5 6) Usevaala wazaiglunuidedninig
p3mapUdnuurorsuaimslunthamensuaiia 6 o1sual uaglumiiliuansorsual Tned
waluladidenldnulunsnsaeviio  Tasstneuszamiiieursubadu  (Convolutional
Neural Network: CNN) @4fi8ns1anugnéiesnnnit 90% lasnszuaunislunisnsdaaey
Snvugorsunimslunt uiafudunoudesldfed

1) mervsindeya (Data Collection) : Fumpuiiazifvrdasiunsmvsuyndoya
vosgunwlunihiifithesafudeersunl sunminditieramnanundsiisnsng 9 wu sunm
visonaUIRlevesrAuTinansesuaing |

o w (%

2) Feature Extraction : AnkenRdIAkasanwazvadluni wu duntemi f
yn uazUin  Feazgnuendiesizianguamiivll lesasdugiudeyaiiionisBeusives
LR399

3) MsAnlAANTSISEU3YeLATEY (Machine Learning Model Training) : laiaa

& = vag Y @ = Yo = | A = a = =

\AsRusEUINlIvananIn1sFeusdeEn Wy inTevneUszamiieandedn (CNNs) gnilnlu
9 M v 9 = a ¢ v 1% A o w = = 1%
anuaeilasuananuaeiueninsgingliyadeyaniitheiny  vuedn  lunadziSeus
sUwuLazANAITUS ST Nanwrvasluntlagen sualNeIUe9

4) nM5391213u8] (Emotion Recognition) : ieluiaalasunisin aganansaiinsey
Tuni  wagawsavihungersualvesyaralugunmiy  Taslunaszdangudeyadndniu
Wang ) NI uana1eiu fe 1) 1n3s 2) vezuues 3) naa 4) Saugu 5) ansuailunans

6) W31 7) Usemanala

2.4 lasevnguszamiiisunaullgdu (Convolutional Neural Network: CNN)
TasstheUszamifiouneulagiu [28-321  unildudnuazaeslasstneuszam

den Tnesndnslfnulunsesadulunih esananmnsavhanlivsasnaudnuas v

(Feature Extraction) uazduunuszinn (Classification) dsiteldindugauvedlasaineil

\esanimsiaulaenisld Convolution  layer Felintifiannnuan vz fiAgyaInmn
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A . ° < ¢ al & oA A o
9onin Iael Convolution layer 9gdnaainIsuawiuvesyudivsiudungey 9 wavi
nauvesiuiges q wrauiu Wy wWuveuvesingsine welvlunaainsaiseuianyuves

1% 1 = a a 1 ) = o . o l o
nlaegnediusyansnmiazisiugl lngagdinisi Convolution layer Tuhausiuiu layer
ue) wu Pooling Layer , Fully-Connected Layer @ulugafivililassinauszaniiieuneau
TigduusnsneainiasaingUssanniieuaug

A5 CNN 1WN1gAunN159 Face Recognition [33] Lilesannlaseasnaues CNN
Aa o ) | o Y] YV va = v a 9] a:'
nfifnssamanstuzhislsuupaunnlunisasadvluniled  fwddnasiinisusuasy
gngrduesnIminIy wenantl CNN SwaglunsusuugeuszdninmuasUszdninaves
M3¥i Face Recognition uaztigand uiungunmiiaininaziudiuvedluniinasiae

1NUITBLTDY “A Convolutional Neural Network Cascade for Face Detection”
[34]  wumsld CNN  aggedanisdvtgmassnisnsiadulunty  wagaunsasne
UsgavBnmnisviheuigsls  laenisvihuiinuagildeavaiesedu  anansakenivundla

| < & A4« Yy o & Aa =

981979015 wazmundulunihlaegrausuglutunsuniianuazidenas

Usglovillun1sun CNN anlwlusiu Face Detection Siseiunateve Aeil

1. CNN anansaseuinadnuaslaesnludfiiodunmluguuuusiieg fdudeula
lngofedayanlainnis training lneliloteyalunis training §31u3uNN AzdwHaly CNN
aansasendveslunthesnanamiunaduaniunisalasdlauiugnniy laensteus
AMNATANUVAINNAIY WU 9198 NSLaRIeaN  waskaswasnIn  siglunisusuls
UszanSnnlumalauiniy

2. WiplSguimeuiulsaus uad CNN danuuduggelunisasiadulunda

3. JUABUNITNAFBUTEY CNN anmnsaviauguuuiuug GPU e 3evinlniaanunsy
WY Fevsneaunlaean1snsadulumindly CNN aansaviaulasnagiuss@nsam
1NNIULAADU)

¥

4. Tuwa@ld CNN anansausuldgeuazanunsaususssdmivauvseynteyaans

q

' [
aal =

o wunganuiElidewasinuaunsalsuusidunaiielilaussavsamnavuluanuves
AILLBY
d' ' v v o LY v 2/ Yy a § Y o1&
dienanlagazuudd nsld NN dmsunisasradulunihlasunsigaudadnduy
wIManiiUsgavsamas  WWeannanuansalunisasaiunmidianuduteukaziianiy

wiugga
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2.5 Resnet50

11 "ResNet’ fiflanamn "Residual Network' #afiuvsnevyuilwedasaine
Uszamifioumeuligdu (CNNs) seiildgniinausluunenuiifide "Deep Residual Leaming
for Image Recognition” Fudeulay K. He wavmmz Tul 2015 &9 CNNs Iognununldeeng
unsvarsluneUnaiatiusig ¢ [35]

ResNet Idgnifanntu  ieastlymlunsimulunaionamilassineusyam
JFleufifisuau layer IUAUNITFINNN FaginnutlymiAeatu vanishing/exploding
oradients iefisuay layer vodlunpaifisanndu Ssudtamlnensld Residual Network &s
finsvhaulaenisdarn parameter 41lUSs8n layer wiolailvirvasinuslu layer nounii
el dlorumsiauues layer Sndunils Tnenisdeen parameter avdsdnaly 1 layer ¢
U7 2.1

weight layer
F(x) L relu

weight layer

X

identity
F(x)+x

JUT 2.1 uanen139i191uve4 Residual Network

Tuwa ResNet flUszinvgosnannansUssny S9uuanINsIuIuees layer ¥@9
Tuwna tnelunaisuduaes ResNet Ao ResNet-34 Fsusynaulusie layer fineeg $1uau 34
layer %ﬂﬂizﬂaﬂﬂﬁ’m 7 d7u A Input Layer, Initial Convolutional Layer, Residual Blocks,
Intermediate Layers, Global Average Pooling Layer, Fully Connected Layer (Dense

Layer), Output Layer FainsiSeuiisusuluma Convolution Neural Network éﬁgﬂﬁ 2.2



VGG-19 34-layer plain 34-layer residual
image image image
output
shoe 334,
pool, /2
Sutput
[ ®dcom,128 | [ 7o 6872 | [ m7com.pa2 |
¥ ¥ ¥
2 /2 2
output pool, / Pﬂia" pool, /
vaes 56 13 conv, 256 ETE [ saeme |
¥
¥x3 conv, 256 [ 33wt | [ macomes ]
h 4
33 conv, 256 | a3 conv, 64 | | 3x3 comv, 64
¥
33 com, 256 [ macomes | | 33com 64
¥
[ mdcom et | [ 3x3conv.64
h 4
| 3x3 comy, 64 | L 3x3 conv, 64
yoee——.
pool, /2 [ 3aconv. 8,72 | [ sconvmsfa | T
output d

e [Thacony sz

33 conv, 128

! Ix3 com, 512 |

313 conv, 512
¥

¥
[ 33com, 28|
¥

[ »acony, 512 |

[ 3acow, 128

¥

| 3dcow, 128 |
¥

[ 33com 128 |
[ 3acom, 128 |
outpat o0, /2 mac *255..’2
size: 14 P L1
33 com, 512 33 con, 256
v h 4

| xdconv 512 |
Y

[ x3com, 256

| »aconvs1z |
¥

[ 33com,s12 |

]

[ 3x3cow,256 |
¥

]

[ 33 conv, 256

[ 3o, 256 |

¥

¥

3x3 comw, 256

3x3 conv, 256

[ Sx3cow.256 |

Ix3com,256 |

33 conv, 256
w3 conw, 256
L 3
ot pool, /2 33 conv, 512,72 33 conw, 512, 12 5
) v ¥ Y
| 33 conw, 512 | | 3x3 com, 512 | sy
[ 3acom,s12 | [ 3xacom, 512
¥
[ macom sz | [ 33 com, 512
| 3x3 conw, 512 ] | 33 conv, 512 I
¥ Y
[ 33cow, 52| [ »acomsiz ]
v
‘:;:T fc 4096 av[+pud a\lggﬂd
| fc 4006 | T | | fe 1000 |

5UT 2.2 uanslassainaves ResNet-34

12
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ResNet-50 unildutszianves ResNet FudulassineuszamBsneubagiu oy
7l Resnet50 azdsznaude 50 du dssznaudeduaouligiu 48 4u MaxPool layer 1 4u
waz average pool layer 1 #u Residual neural networks [Wudumilweslassdreuszam
iesl (ANNs) Fefidnwazlunsanadlasnsiudeniindeideuseilagld residual blocks

Tusniddeoll ResNet-50 Bududonmanzan (iosnsuaudeyadlinnnuasiion
AUl wazvhauldfidmiuinguszasdlumside Wefinsanlasvunnvesdoya

ResNet-50  fmnuvangay  Lissanilanuaugasyvinssyansnmuagnisly

ninenslunisussitanateya Junavunlg) WY ResNet-101 wag ResNet-152 #09n13

1% '
[

& A < ) A £ 2 oa v aw &
NUNVALNULLAENAINTUSEUIANANUINVU FILAUAIUADINITUDINIUIEU

2.6 MTCNN

MTCNN %38 Multi-task Cascaded Convolutional Networks tJunalulagluns
n5193ulunti s‘ﬁqgﬂﬁ']l,auaima K. Zhang et al. [36] lusu3deditein Joint Face Detection
and Alignment using Multi-task Cascaded Convolutional Networks Tul 2016 Falgsu
aufeuiluegnann wsgdanuuiugige sazldnalunisussaianates

N1591197UY09 MTCNN A9n13%1 Face Detection tag Face Alignment WU Multi-
Tasking 1ne/ld Neural Network wigswiissfa titevinauii 2 sgndlundeuiu Fullaauunnss
9Mseug Tanansavhenlfifieedslaedimils Tnefiusslenivosnsriaie 2 Tasks u
Network ientiu ssgaanan esmnvhauiaesegrandouuls uasdldladumilis
ansavsaetegsldndenty  widuhefiuauudugilinsienuideansyuaunissn
Ay

Face Alignment fie msdanmlunthiidunmlel Weglufimmaiigndes 635y
fifealunisii Face Alignment sufienism Keypoint uilumih Wy sndhe s ayn U1n
wazdanndauiliiieadeseonly uasdanmlfaynegnsenarnim antufviuusanm
pafunDuEN9g Wy nsvaun el mdsuazeoglussduidaiudud

MeTauves MTCNN tuuansinsfunssuaums face detection waz waz Face

Alignment Tnevialu finazuennisviauaes face detection uaw face alisnment 88n31n
fu Famelumuddeves K Zhang wazeay l@insusunisvhoulinisvhauees face
detection uwaz face alignment vhaunseutunelulumaientu Weswndnsvhoui
pdadaty  wavdwmallasmeussamidsnanninfoudldity  esnnnishames

lasmngUszamifisuneuligtuifinsinuseidosniusening layer anelu layer Mdu
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[ o./

ddudiun vedlasstneuszamidieuneuligiy SnanduduiGoul Low-Level Features
wu mMavveuresiaglunin Bs Features Wanimniosmanadniiindondeiuuds dnasd
msvhaufiedefufetuty SeusatislunsdeudvedunaliFoudinn 2 vu wae
Hunadsdedidaiieliizousiomademitddyronuiifomisanaasy

MTCNN finsuistusunisvhaueeni@u 3 dusou deusznouludas P-Net, R-Net
uaz O-Net faguit 2.3 Taeflusazlupaagyiausioru Tnefinadnsanlunanouniin sy

Toyaunivedunadaly

R-Net
I 0 Y 00 e aa A o - T T T l
| Conv: 3%3 Conv: 3x3 Conv: 3x3 1 r Cony: 3x3 Conv: 3x3Cony: 2x2 - fully I

| MP: u’, ; ].;21355,",;3"0,, | | MP: 3x3  MP: B et [llm classification |
xIx
| ‘boundmbbox | | = :,ﬁ:;ﬂ |:|huund|n5. box |
Fegression regruamll |
|] Ix1x4 |

nput size sxsxm 3x3x16 1x1x32\ g Facial landmark hopu size IIxI1x28  4x4x48 3x3x64128 ”FW-‘W“M‘“T”" |

| 12x12x3 localization | |-J4'--“4 x3 ocalization
__________ Ixixl0 _______H__J____J
[ “Conv:3x3  Conv3x3 T:.Im o 72 Ty g T
| MP: 3 MP: 333 MP: 2x conneet g'“‘“‘ classification |
i
| ﬁ Hbounding box regression |
| i |
inputsize 4 HFaciaI landmark localization
| _spagyy 222 1006 _“"“"_“‘*_ e T R J

sU7 2.3 uamsannnenssues MTCNN

Proposal-Network  (P-Net) ilulunafiviislunisviauwes MTCNN  Ssfinanu

o v v q' & A v oaa - v =
‘UU‘U@UU@UW@@QW?]VN 3 INL@@ I@ﬂmﬁu’]m@@ﬂqiﬁq Boundmg Box GUENﬂ']WSL‘UW‘U'] I@Elll

(%
U

Fumeunsven fe Wedunmduudy %v‘hﬂ1ssia%uwmgﬂamaqmuﬁwﬁuﬁ’wm 12 ads
\fiosa7n P-Net f5113u Filters vas CNN fosunn waziiosann CNN ldanunsadunimdeai
Pfvnauananafuld Fsanruievesnm wasfinsiuaunsvhnuveduea wazileliuna
M523V Bounding Box vasn wluniinlurwinninlands Jsazmuiadeundunidusiumls
TunmauIng3e 81 Output we3 P-Net avUsenaulusie Bounding Box s1uauunn lneae
Fonanz Bounding Box #ifisuauluntiunnnine Threshold fiswuald uwaznns Non
Maxirnurn Suppression (NMS) &aagvinlis1léante Bounding Box flaleniu
Refine-Network (R-Net) {ulsaa CNN Aiflannududousiiuannnit P-Net lngazsu
ﬁﬁagamwﬁagﬂu Bounding Box 3l#91n P-Net fiazniw anntiusiuiem Bounding Box wes

Tumihlunmivaitiudnass  eliuAuuluglun1sm  Bounding Box  WazAnlden
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Bounding Box #iflsuaulumiannndimn Threshold fifwualy uazsh NMS iesn
Bounding Box iy wuiisafunely P-Net uspnuusnsnsvasdu R-Net fio 9ziinns
fvuad Threshold Tgandndu P-Net

Output Net (O-Net) 1¥u Neural Network ifiaududeusnniign lag O-Net azld
Nadnsue R-Net titewn Bounding Box wazanuihezfuvedumisnads Tneiitunou
adendsiunsinuniely R-Net usl O-Net ag/innsm Face Alisnment vasusiaswiiil
WU B9 Face Alignment thsgnaulushesmumissiuig 5 s Taun maostng, AN,

v a
LaYUBUYIEVINVDITUNUIN

NMS &
Bounding box regression

NMS &
Bounding box regression J

—

NMS &
Bounding box regression =

sUN 2.4 uansnismnseuituiivedluntnigluduneu P-Net , R-Net wag O-Net

2.7 A15IUNBNEAUZBITUN
J. A Russell [37] Tavina1uddaiaes “A circumplex model of affect” @ein1sasns
Tuwangrfudneuen1eoIsual  lagaziinisasiauwaulinauduun  Insdnuazesunl

wane) azuUsduae fia fianela (pleasure) iy 0 831 N3zABID5U (Arousal) 71 90 B
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lainala (misery) 71 180 891 wazd19uU (Sleepiness) 7 270 a3rn Ingazdn1silunosual

#1199 aglulung Aegual 2.5

AROUSAL
L
L)
DISTRESS EXCITEMENT
L]
MISERY = * PLEASURE
o -
DEPRESSION CONTENTMENT
L
SLEEPINESS

U7 2.5 uanslannaues Russell

2.8 N15vguvBINaIulaluntii

v s A v & Y v & v a v oA
UUELUVU'VU@QNHUEJ"\]SNﬂa']@JLu@‘Uﬁgllr]m 20 ll@I@UﬂaWNLuaUuELUﬁuqﬂgﬂﬁu’]Vl

780 2 9879 Aa 1) lWdmSuAe191ms wag 2) Weas1aniswanseanuulunin lngnaiuile

wAaziln YNNIl [38]

[

Auriculars Litevilviunsauasnsavduluyla

. 3 1% A 4 1 a Y ° v S vy
Corrugator supercilia {unananileneg usina ilvianunsarningale
Depressor anguli oris 8guUshMANWIsEDIIN Tdiudglunisvinnma
Depressor labii inferioris aguTaauAd ddiuyaglunisvduiariings
Levator labii superioris alaeque nasi ¥3glun1svdugaunuazIaRuinuy
Mentalis a1 HBUTHANTINANAN FI8lUNITAINANTURUINGS
Nasalis 3lun15iUngaan

Occipitofrontalis nansiilafiegusianntiens lautanglnan sihwmthitlunisen

ATuwazyinlisuElunenIule

Orbicularis oculi viwithitlun1sauaudana
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- Orbicularis oris nésiosoU3EUIN ilemuANslnTnvassadiuin

. Procerus néaiiosminama ﬁwmu"lumimwlmﬁaLLasgmﬂﬂ

. Risorius agjuUinaufuinswesUnTsansing uarildmgielumsiy

« Zygomaticus major and minor ‘ti’JEJIumi?Tu

uenanil B. Farmsworth [39] Wvhnssausuiienfumseduvesndanielumin
lapiinsiveyaunan Carl-Herman Hjortsjo Faflmssrusauniemseiuvesndunileuy

Tunih 23 90 Tl 1970 Inefinissausandeyaiudu 1Uu 46 90 lneuaniiannsei 2.1

A15197 2.1 hansn1sduveInauiialuni

o a g { 4 o )
A1a5u"Y natuianvgu NINADENS

Inner Brow | Frontalis, pars

Raiser medialis

Quter Brow | Frontalis, pars
Raiser lateralis

(unilateral,

right side)
Brow Depressor Glabellae,
Lowerer Depressor Supercilli,

Currugator
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AN5199 2.1 wanIn1svduraInauialuni (sa)

Deepener

A195U"Y ndanilafivdy NINA2DES
Upper Lid Levator palpebrae
Raiser superioris
Cheek Orbicularis oculi,
Raiser pars orbitalis
Lid Orbicularis oculi,
Tightener pars palpebralis
Nose Levator labii
Wrinkler superioris alaquae

nasi
Upper Lip Levator Labii
Raiser Superioris, Caput
infraorbitalis
Nasolabial | Zygomatic Minor




AN5199 2.1 wanIn1svduraInauialuni (sa)

19

A95U"Y nédnanilefivgu
Lip Corner | Zygomatic Major
Puller
Cheek Levator anguli oris
Puffer (Caninus)

Dimpler Buccinator

Lip Corner | Depressor anguli oris
Depressor | (Triangularis)

Lower Lip | Depressor labii

Depressor

inferioris

AN
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AN5199 2.1 wanIn1svduraInauialuni (sa)

A95U"Y nanulaivgu
Chin Raiser Mentalis
Lip Incisivii labii
Puckerer superioris and Incisivii

labii inferioris

Lip Risorius
stretcher

Lip Orbicularis oris
Funneler

Lip Orbicularis oris

Tightener
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AN5199 2.1 wanIn1svduraInauialuni (sa)

AN

ANa5UTY nédnanilefivgu

Lip Pressor | Orbicularis oris

Lips part Depressor Labii,
Relaxation of
Mentalis (AU17),
Orbicularis Oris

Jaw Drop Masetter; Temporal
and Internal
Pterygoid relaxed

Mouth Pterygoids, Digastric

Stretch

Lip Suck

Orbicularis oris




22

AN5199 2.1 wanIn1svduraInauialuni (sa)

AN95UNY néuiiefivdiu ANAIDE
Lid droop Relaxation
of Levator
Palpebrae Superioris
Slit Orbicularis oculi
Eyes Relaxation
Closed of Levator
Palpebrae Superioris
Squint Orbicularis oculi,
pars palpebralis
Blink Relaxation
of Levator

Palpebrae and
Contraction of
Orbicularis Oculi,

Pars Palpebralis.
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AN5199 2.1 wanIn1svduraInauialuni (sa)

AN95UNY nanuLlanvay AN

Wink Levator palpebrae
superioris; Orbicularis
oculi, pars

palpebralis

2.9 mswWasuslasluniaudneazaisual

nsuanseenmsamindugaunildunisdeasvesywd [40-41) JaduiSnsdeans
Tnglailddwaiiddyfignegimis Tasensunifiinaiu sginsuansesnmslunthilunnsis
M Feanunsodanauazuenuesldlaedine  uazilunuvilunisdeanssudednen  anns
L‘LJ?iauuﬂawaﬂwﬁwﬂﬁ‘ﬁagaLﬁ'mﬁumimi, MsuEnsALsdlaLazng |, LaENS
Ufduwiussevinauyed  nsidnuasinlanisuanddvil  azildiugigmdelunszuiuns
doans Taenszurunislunsuenusuannisuansdniiussneuludae 3 Tunoundn fe Face
Detection , Feature Extraction , wag Classification Inennglunns3sed wlansuansensual
Yosuywdoandu 7 91suaindn leun

1) 913uallnss (Angry) : Aannas Waenmaadaniie veusuiunsaudn Suilian

VEEGER

21540I1N55
———-—-{Tlwyebrows down
! and togathar
L@ eyes giare
E'@ narrowing of the lips

JUN 2.6 wansnisidsunlasasdluntniiensuallngs
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2) 815uainda (Fear) : MauiY WasnmuuIduIn Wasnanaiudsunnad
U1ND190NWALMTYANT

915uaina

i

i (T)eyobrows raised and
i pulied togather
{@ralsed upper eyelids
----- (G tensed lower eyelids

=====--{) lips alightly streiched
horizontally back 1o ears

JUN 2.7 uanensideunlasvesluntmilensuaings

3) 915univyEIYed (Disgust) AImNas Ayngu TaEnuwaduay Undreen

15U VYSHVLI
,;; &
! E _;—--{E}nﬂuwﬂntlm
." ' +{upper lip raised
5 - |

JUN 2.8 uamamaUasuudasvestunthnliensualvgsuues
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4) fmua (Happy) : Na1uasauniennssduliy 1iusi5e850unaemI winenTu

a A é{
HUIUNUINYNTVUATULUINLE L

=
gy

=
“{FPpushed up cheeks

{T)erow's beal wrinkles

....... @mnm: fram
sl thind
arbits the éye

JUN 2.9 uanamsivasuutasveslunthniiensuaiiniiugy

5) onsuahdunans (Neutral) : SuEUINMEBLAATI wazyunenTuiElnRen

JUT 2.10 wansnisideundasestunihifionsuaiunans



6) ANuLA31 (Sad) : WFenIUUaAIa A liliia yuSuEunansias

AULASY

E--““{i:l drocping upper
___ tyelids

E=-1{§:|Ilzmlrn,g focus in eyes

----- @) stight pulling down
of lip cornars

SUN 2.11 wamansivdeuudasvesluntndersualas

1 12

7) Usznanala (Surprise) : AenTu adinnie SuRUIneo9n

2.10 FER-2013

Jsenannla

[T re—,
Li{Teyebrows rolsed

SUN 2.12 wanansivisuudasvesluntmionsualas

26

FER-2013 %39 Facial Expression Recognition 2013 [42-43] f® ‘qm“ﬁasﬂaﬁiwim

Joganmlunthvesmyed Tnefinssusudeyauuivled Kagsle wazilalidnldanulang
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Imaﬁmiﬁ%auasqm%’agaﬁﬁ International Conference on Machine Learning (ICML) Tud

2013 Ia® Pierre-Luc Carrier wag Aaron Courvil

¥ dﬁl 4 ! L L ! 6 1 ! s
meluyatoyatl sUlumhudazguldgninnguaitensualineg 7 nguetsuel lng

amanglugeadeya FER-2013 auiunmn grayscale wazivun 48 x

35,887 3U Tneildnnugudamsei 2.2

M3 2.2 uansdnuteyaninluyatoya FER-2013

48 uazilyudnuiu

Anwazansual

v o

Uayadmiumsu

Tana (5U)

dayadmiu

nagauluna (5U)

o 42
uulunti

Vianua (5U)

915unllns (Angry) 3,995 958 4,953
D13NalvyrUaE (Disgust) 436 111 547
915u0INa7 (Fear) 4,097 1,024 5,121
1A3gY (Happy) 7,215 1,774 8,989
p13uaifunans (Neutral) 4,965 1,233 6,198
AALAST (Sad) 4,830 1,247 6,077
Uszuainla (Surprise) 3,171 831 4,002
57 28,709 7,178 35,887
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-
ﬂ‘l__*
915uallnss 15UVL LV 215U0INA
(Angry) (Disgust) (Fear)
& T% ﬁ
- F
_—N WS
HEPRHGHT arsualdunans ALAS Usenannla
(Happy) (Neutral) (Sad) (Surprise)

gﬂ‘ﬁ 2.13 LAAININFI0819UBY dataset [42-43]

2.11 N159IUsTANSAMVaelULAa
MsinUszansnnvadluwea [44] @aunsadinbenateds Inedsndeuldaiuazdl 1) an
ANNYNGBY (Accuracy) 2) A1AIALAIUEN (Precision) 3) A1A1sEEN (Recall) 4) @n

UsyAvsnmlagsan (F-measure) uaz 5) Confusion Matrix Inglunis¥adndoyamanil a3
nsusdeyatinunismageuanluaseniiu 4 nau fe

® rmugnFBadsuIn (True Positive : TP) Ao Toyaioglundy A uaz
wuudaesihugneglungu A

® rmnuAnnAIRTsuIN (False Positive : FP) Aln doyadilioglundy A us
wuudaesihueineglungu A

® rmuAnnAInTsau (False Negative : FN) Ao doyafioglungu A us
wuuaesinuenlileglungu A

® FmugnHudsay (True Negative : TN) Ao Tayailiaglungu A way
wuudraesihuweilisglungy A

AmNgnees (Accuracy) umsiauszansaimvesdanesfiunisiuunyssny

lginnsanNdnsduvesitudayaniuunlagnaes fudeyanmuanlainisiiuaill
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[V
v U Aa

W Apugndesaziansinsuienuiiasduiidanesfiutiuasinunegn  Asiudeen

¥ A o Aa ! (% d'
AIUONFABIEN LFANIUNTITIWUNTIANTT PNFNNTIIN 2.1

| i TP + TN -
CCUracy =Tp TN + FP + FN

! o ¥ = ' o v a1 % I3
ANAULIUEN (Precision) fia Aeaansalunsviadeyanliineitesesntuidy
gnduvaIMsAunUteyangndeInuteyanauanvihnsAuAuinls Sy
I o W Py Y N v 1) v a iy a1 oA ¥
waugiiu 1 el seuuannsaduAuteyalagnaes nenlifiveyanlinetteslylu

9¢ LagdIsn 1 5AUINUAENNTA 2.2

Precision = - (2.2)
recision = 5

ArrusEan (Recall) Ao ArndnAdnugnssavedlunaliofisuiuannuluass &

sranlarndeyareengu False Negative {Wundn Auialdlaeldaunisy 2.3

R IS U il (2.3)
A = TP ¥ FN |

ArsEansamlagsau (F1-score) Afuansussansnmueadlama iWudilaainnis
1A precision kag recall LiAIMTINAY IndAwINdoIdUTEANSAWAR Awalaain

aunsi 2.4

_ 2 X Precision X Recall

(2.9)

Precision + Recall
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& A

Confusion Matrix LUwasesieniinnud Ay wavdenldanulunisussdiunadns

a

Y09M39e Ingazegluguues Matrix MUuuuiuen (Row) waguuiss (Column) #99e

Y

anwardoyailu 2 I dgun 2.14

True
Positive Negative

Predicted Class
Positive

Negative

g‘dﬁ 2.14 wang Confusion Matrix [45]

2.12 waluladfiieadas

2.12.1 Visual Studio Code

Visual Studio Code [46] %50 VS Code annuismlulasgens ulUsunsuuseian
Editor Wlunsudluldaiifvuunmdn usiiiuszansnmgs 1fu OpenSource TUsunsuaansnse
Panldeulalaelifaldang wmugdmsuiniaulusunsuiidesnsidaunais unannesu
sesdunsldonusiauy Windows , macOS uay Linux Sesfumangmwniis JavaScript,
TypeScript wae Node.js s uazanunsadeusietu Git lidne anunsaihuldaulsiely
Fudou findesdouavdruvenesne q Whdenldunnune sesdumsdaldaunewdu 9 i
AW Ci+, C#, Java, Python, PHP 3o Go awisauuwdeu Themes 1¢ fdou

Debugger uay Commands tJusu
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2.12.2 Googsle API

Google APl 38 Google Application Programming Interface [47] L‘f]usq@ﬁﬁéb\iﬁ
Google waunsliiniaunvendwsdiiiodnduwas Sonlduiniseag ves Google wHnu
TUsunsuvesmules 1ng APl ¥83 Google HuNsuaInvanedseian AsauAgun1sidaly
NANWAIUAU 111 Google Search API, Google Maps AP dieldlunnsdum , Google Cloud
Platform API, Google Cloud Storage API LﬁaLﬁUGﬁagauu Cloud , MSUSUBAILBNAWIS
drfneu 19uA Google Sheets API, Google Docs API #1358 Google Drive API iisldenlunns
upload-download %’ayjamﬂ Google Drive

nsldu3ns Google API th Thituesdesamedenlinuuarairedad Goosle
Cloud Platform wite3uad APl mniusaldad APl lumsBenld APl dulusunsuvasmuies

APl 993 Google Fglriniauiaunsantuagsisenltusnisaiee) ¥e9 Google 1o
a8AzAINLAZSING Jeisannauazaldinglunmsiamueundiedunsousnslig 14

Wusdem

2.12.3 Python
Python [48-51] Wumwildlunsdeulusunsy Aldsuanufouegrawnsnanelu

159119740 Y Machine Learning , Ieneansvaya wazn1swauigemsiig wazuanainiig

aunsiawkeundintuuureuiawesiadnme  anansaihlulgnuldlunateguiuy uae

3 A a o o v I = I3 Aa v = o

JununSeusvagyinnudilalade Wesndunulusunsuninuadgaaanu

o = o8 vyvaAa Y = a a a v o=

M¥189n Y I INSUALANwINMITeUlUsLNTY TeuEuauAne13na1w Python
Python fmsvhamuduluu  Interpreter  Aionsuuamadenisvinauiiazussvin

Wolrmauiunesinnuls wazdouldeuluau Machine Learning Hes91nd library 7

LABATDINUIIU Machine Learning Taldeudiuiuann 1w tensorflow , numpy , scikit learn

2.12.4 Simple Mail Transfer Protocol : SMTP

Simple Mail Transfer Protocol (SMTP) [52-53] fg mmg’mmsﬁumidﬂ e-mail Tu
A4 1A s & - o A A = | A ¥ g @ v o = o
wiatngdunesiile weluduaesduy Feeaunsaddwalumyldnuilailanilan Fedinng
MULALINNUNILYARIET Feagldds email 5endne mail server Wagld port 587

Tunaulun15v19UYes SMTP 98BUAUIINNTT server YDIEAIBIE 2aTNTS

<

Weuseriu server SMTP vauSunazlvdoyanidnlu wu Megduwavesu 31nty server

Y Y
1

SMTP agUssinanateyailuaziuduniegvegsuiiadnaulainazeeusuduaniold mniiey

Y
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vosfugnies Buaazaglufuiiodnds 9antu server vasfuaznerswddiualudndosn
dhBuavesiSuvelnainesfiimue

uaﬂmmﬁuﬁﬁﬁgﬁu 838 SMTPs %30 SMTPS (Simple Mail Transfer Protocol
Secure) FaduiEmssnwaruasadeves SMTP Tulalwesnsvuds ile3usesanugniios
L,Lazmmamuiaiﬁuaﬂmi?iaaﬁ Tneleanu SSL (Secure Sockets Layer) %50 TLS (Transport

Layer Security) litoa319a1uUaniy

2.12.5 Googsle Drive

niia lasil (Google Drive) [54] Wuuinsesulatiusznnnalulagaaind Nfinui
Tildanunsodanudeyaldvainraneguuuy wu ndenans dguan néddle vielnd
Uszuandwe) laganunsadniiulndlalunainnanegduuy Inedinisldnulaglidaiuanldang
Tuiud 15 3ngludusn Inendsniuazdididendiioideoniiufidafiuidesnistedia tngdh
THungiia lasil S1uduaeseslivnddlinuveiiua (Gmail) feu wazwenaind giia lasi
faanunsoutatulvidneguuaanalyigauaunsadildnu uily viieanulvanlials laenis
& Y 1 L% = 14 = 14
wsteyanuUnTgltuduals

nsdndgleyavungiia  lasdl  awnsarhldnulaluvannvaiggunsal  visuu

Y Y Y

Ly A = =3

Aaunes Insdnvillatio wiawiiude Nanunsadildnu suluan anatlvan wezitaglndla

TupasananiinissudaduIneasiin

av a4 v

2.13 9UTRYMAYITaS
A  eac = P P A « = & %
fyelall watesssea [55] alinsdnwiSes “wansenuvesnisiseuesulatnels
anunsalmsunsszuiavedlsaiadelifalalsun 2019 : nsaldnwldandnansnisinw
Upunazfauansiuie  a191ivnwdngy uninetaensen” lnelnswisuiieu
HANTENUTENINNNTSBUNSaeunsluiediey Weuiunisseunmsaeutuvesulal 81910
MAY WU JULUUNsReuMsasudmansenusenganssdlunistey  Milvinisseu
soulafivszdninmiidesndinsSeulutusey  Julumewaliowidedvivu  woudly
YaymFesuszandnmlunisSouesulauiienninlugusey  leglilisysuuasiageusisual
= Yy = v =
ialiSewaulaunSeulauiniu
Ay 6 a v Ve av a o Y o 2 &
pesll LEsuning  wazeAn [56) laAnwndelsdisiamsidnlumi ey
nsAnwIsMszilumi 5 WBEwszneulume Blunthleuwnu (Eigen Faces) T8lasavney

Uszamiiey (Neural networks) 35Mmad RGB-HSV-YCbCr shunuuasinlad (Color Model
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and Morphology Technique) 35 Local probabilistic subspace wag 3BNTIATIEN
99AUIZNBUNEN (Principal Component Analysis : PCA) Tngnuin3sluinad RGB-HSV-YCbCr
sfiunesinlad (Color Model and Morphology Technique) ldkaansaiign uatvadnfinlu
% a 1 v A aal 1 a
AudlazilasAsudeun  sesaunfedtlaTsieUssaiion (Neural networks) nnglu
Ao Ao A o ac | = ~ Y o w Yy o
NATeldndonldenuitlaswneUszamiisy RaRT0NA A TUALAZ LAV IN N
HINUAILAZ LA NDUNUABZNUNTAIULAN AN UADUTIIIN
AfY i wagdfia dnsseunate [57] lnAnwITenisduanuianvesauain
TunthmewelindygiUszshivg Inenisly Pretrained CNN d1115Un13914un0158i9InN13
a v vaa . ~ ¢ R ¢
waneaned@ntilagldisnis Transfer Leaming Li1938ye1sunu0uyweNmun 7 91510l
oA @15uailnss (Angry) @15ualvezuved (Disgust) @15uaindd (Fear) 1A11ugu (Happy)
ANULASY (Sad) Useuanala (Surprise) wazorsuaitdunans (Neural) lnedlauieadosiu
a v Q,‘, ~ [ o 4 £ < 4 = o v
nATel Wesnaldunisduunensuaivesauaintuntiesnidy 7 easualmilioudu wagldy
Pretrained CNN W& Transfer Learning oAU IAAUA1TNSIUDSUAI UL AL I
o5ty asfadimun wazamy [58] laAn®13I98INgINUSE UUATINEOUNSINTUS U
wazUszliuanuaulanudnwuzonsuaimslundmenaesaiuney  Felnsasesyuuiiie
nsRaeun1sntuteY lagmealianisianlunth (Face Recognition) mewadalasawne
Uszamifigumauligiu waznisusedivanyanlaluguieu gdddluna mini-Xception Tums
Juunersual laedunsesvaeunisiniseunazersunivesiseulunsiSeusuy  on-site
Tnefinsduundnuwazensualia 6 seniludesngy Ao HanuaulaBeu lawn ersualiduy
na (Neural) , fiAdnay (Happy) wazdsenainl (Surprise) ensuaifiliaulaise Avansual
136 (Angry) , 1@31 (Sad) wagnda (Fear) lnenielunuiddedilatinisuvsensualeanduaes
nqu AesslassuLazlifdlatey Toeesual®euin Ivuanatanundlatey wage1sualYs
= Ig.JI al
aulansnepulinslasou

o

ANA Sne1snsal wagsuims 29Azdns [59] wanyIdesieInunsIIwLnNaITual

BND

Nbumiuuy Realtime uugUnsaliledy MuluudaeINsiieusidadn laedin1sdiwun
ganiliu 7 uar 2 nquensualmudiu Ineliteualunis trained model Wu FER-2013
dataset

QUA @A uazane (601 IdAnwuaziduaneluinde “szuunvaeuiilodudush
yanaselumiuutounsesd” lngltinediansislumii Wensaaaeunmlumivesynna
eglugudoyaiitmualivield Tnefduneudlilumsidlunth Tagld AdaBoost u

LY

ASLUIUNTTUN Feature TanuwuelnaAILaZLANANNTININAIDE1S 1SN UAUNALINTA
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Haar - like feature \fiensavaaunn Tneuennwiisdenisuazlideanisee Cascade
classifiers Ingdiisnsnaaeulszansamlaenisldsunmaindidmegeudiuiu 7 Ay Auae
10 5U Tnenhlunpaeufunmilliluniseud 140 am 910 7 au auag 20 A Taesdlunih
gneies 60 3U 90 70 3U Aendu 85.71%

P. Claudio wazpuz [61] leviheuddenigluide “Face and eye tracking
algorithm based on Digital image processing” lngllunsnsiaaeunIn lnensgauns
Usganananm iiemsduimesiuntihuazaismnaiglunn tnglunisvhauszutseenduy
5 fumeu Usznoudne 1) maminfveduntegisnsng Tnsnsudasamldduninenis
avutasnwliifunnnes  Wemiuiindsnvarvemnnesadens 2) msmiuiives

[

Tuth anfiuiifimludeusn Sshanesaeuuarairadugasg 3) wituifiaiadiandu
pen lasnaifleunsadiinfiuivesasmazegnslugaslathseslumii 4) nisasmasy
ﬁuﬁajmmuazgajmm Wag 5 NMSATINTUANALAYFHIUA Tnenelusnuadilinng
nyiadeulsEansnMmlagnsvimmaaeulagnsldgudeyaressunimduin. 2 g1udeya
laedldnuIu 102 uag 897 MW kAINLINTIVADUANNYNAB Ineiin1ugNaBd 99 uag 100%

ANUAINU

a aa = A Ay v U aa av
MITNN 2.3 ﬁ?ﬂ]ﬁﬂqiwiaLVW’]UﬂmﬂaLﬂﬂﬂﬂU'ﬂﬁﬂ']?U@quufJf\]U

- T . ) - NAANS VDY
a1nu F99U07Y Inguszasn wAla h
U
1 | wansgnuvesnsisey | Anweansenyu | msviuuvaeunny, | gUkuums
paulauneld AAnTuaInms | Auade, duudes | Bounisaeu
A0IUNTAINTUNT Seuesulad | lwunInIgIY ANANTENUAD
szunveslsnfinite ngAngsulu
hdalalsunr 2019 ey lned
nsdiAnwidaviangns Aadesy
NsANITMNALAY 3.06  ATLUY
AauaransUaudin (70 5 AZULUL)
ANV Y LAz
UNINEFENZLE [55] WDeauu




= ax = A a v U aa av !
AITNN 2.3 aiﬂ'ﬁﬁﬂ’ﬁﬁi@lfﬂﬂu@ﬂiﬂaLﬂ‘EJQﬂU']ﬁﬂ'ﬁGU@Qﬂ'WU'J@UEJ (p)
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. P y ) - NAANS VDY
a1au Fe1da798 IUsTaA waila .
U
UINTFINTI
Winfu 1.91
2 | Weedrmanisii a51sszuuiiie | S3luwthlouny, 33 | Anadslunis
Tunih [56] ATREeUMs | laswnedszam | 330luntves
Sy Wigy,  olueed | unazluea dan
A% RGB-HSV-YChCr | seil  33lwnad
Useidlupny | saunuuestilad, | RGB-HSV-
aulaludu ® Local | YCbCr  sauAv
Seu Ieewdu | probabilistic weslvlad Sow
N13M3739d9YU | subspace ey | a 97.64,
NSNS IU INTIATIZI Neural
WATBITHIVDY | B9AUTENOUNAN networks  50¢
Arseulunig Ay 94.94, Eigen
SYULUU  on- souay  91.83,
site Local
probabilistic
subspace 98¢
Ay 82.30
3 | mMsduanuidnvesan | a@nsn Transfer Learning | Wigid139uns
nlunthamewmaina ATIATULLAY GoogleNet NeaeY 30 AU
UnyayrUsehivg [57] wUsusELAN Inception-v3 luniang
DTNV Transfer Learning | 915ualf199)
Tuntheandu wagdn
7 nauensual Uszansnnlu

lown  215ua]

1155, 215Ul

A15MFI9U 198




= ax = A a v U aa av !
AITNN 2.3 aiﬂ'ﬁﬁﬂ’ﬁ%i@lfﬂﬂu@iﬂiﬂaLﬂﬂﬂﬂ‘U'ﬂﬁﬂ']TU@QﬂqujﬂfJ (p)
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. P . ) R AGEIEEIEN
a1y Voriataidy ngUszesA wadla .
U

YYLLYEN, L8
a15uaing, & Googlenet  §
ALEY, AW Usvandnngs
WA, i
Usenanla,
Junan

4 | szuumsreaeunsdn | Slunduile | CNN, wuudaesns | aaeu
Fudsunarusndy Tgmsraaeuly | Sous mini- | Usgansam
aualarudnuae | nsdiy Xception Taensly
prsuaimslunig | Sy, Taany sUAMINELAN
naeaIuwAN [58] aulalunis NAAOUIIUIY 7

Sgusu AU AUaE 10 5U

91TUNIVY Tngtilunaeeu

Tunih Fun il
nsiseu; 140
A N 7 AY
AUAE 20 AN
lng3anlunin
gnAes 60 U
0 70 U An
D 85.71%

5 | msdwunersuaian | asadeulay | Convolution Neural | Tanaadilyl
luntiuy  Real-time | 9uune1sual | Network Uszaninimas
uwgunsaliledd [59] | wuu  Real- | XCeption figmelunai

time oandu | AlexNet Sty

7 nAuDISU

MobileNet




= ax = A a v U aa av !
AITNN 2.3 aiﬂ'ﬁﬁﬂqiﬁiﬂl,%ﬂu@ﬂiﬂaLﬂ‘EJQﬂU']ﬁﬂ'ﬁsU@QQWU'J@UEJ (p)
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. P . ) - NAANS YD
a1nu YR I1939Y ONEER NG wiala .
UMY
louugunsal accuracy agj‘ﬁ
ANIe! 86.07%

6 | szuunTvaeuiiledudu | 14 AdaBoost | Harr-like Feature | TdguUn1wann 7
muanaseluntivy | W AdaBoost AU Auag 10 JU
WaUASOYA [60] ns¥UIUNS | Algorithm Tnetlunageu

%1 Feature | Cascade Classifiers ﬁumwﬁi&iﬂu
rldnuas n3iseu3 140
TnalAesuay AN 270 7 AY
WANANNVDY AR 20 AN
AMNFIDE4 lae3dnlumih
lngfivun gNAes 60 §
Yl 910 70 U fin
Haar - like U 85.71%
feature Lﬁa [59]

PIIEDU

A lagien

AT

FOINTUAL

laifpanng

e

Cascade

classifiers

7 Face and Eye Tracking \fiems1adou | Find Face Location | naaeulagnis
Algorithm  Based on | wiitufives | Algorithm g udeyaved
Digital Image | Tuntiuaz sUa I 2
Processing [61] PRURRE F1uteya lagd
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= ax = A a v U aa av !
AITNN 2.3 aiﬂ'ﬁﬁﬂ’ﬁﬁi@lfﬂﬂu@ﬂiﬂaLﬂ‘EJQﬂU']ﬁﬂ'ﬁGU@Qﬂ'WU'J@UEJ (p)

o A v Y awv o ¢ a NﬁﬁWé‘UE]\i
219U YNIVDIY agUseeen wAlA .
U
A9 U 102 WAy
Useulana 897 AW uay
AN YIUINTIVADU

ANUYNADY LAY
HPRHORTER
99 way 100%

AUAIAU

PNVUYNIMUATINENIINTIY  Fansaasulad  Tueanmsngiunisinany

s

aelurddes e msesnduonsualivulundimessuutyanussivg - Aeluea
Convolution Neural Network (CNN) Wsiti9991nn15 training Tuinalesisnun azaesly
NINYINTAOUNADS  UaztIaImIn  Julinisidenly Pre-trained Model Ineiidanlvanu
ResNet-50 tlasanilulumaniinisimusosudinnuuiugias lgnsneinsreufivneseylu
seiuvtunany Tnegadeyanthunindulunaiisdinfe gadeya FER-2013 Faduyadoyad

| [ s = @ & sala 1% |
gnrusweguiuled  Kaggle Faduiuledniinismiuugudeyanainvaieusznnet

¥

ety wagannsaldnuldlaeflideldane negadeya FER-2013 Wugadoyadilasumu

9

[

foalumsinanduunensuaivdlumi  weginisduunensuaioonifu 7 nguotsuaied
nuidedesns Fudenldgudoyail

uan9nil MnaATeldnaivldtnedull sAdevesivete AT IwN wazae
[58] wazgAmaA Shw1snInl wawsusing deazdng [59] lanandinisuusesuaiuulunti a1n
6 waw 7 neonsuni i 2 nauensual Tasnuidefindnandreduiianan Smsudenguensual
dudeafuiomn fo naufidanuaule fenwaula dszneudie “Und (Neutral)” “d
AINEY (Happy)” wag “Usenainla (Surprised)” fiannuliauls Usenausie “Inss (Angry)”
“was (Sad)” way “nd (Fean)” Tnglusndded WWldnmnlwnevlunmsianngonduadidie
nydunmlunih lngiimsdsdeyasiiumie Gmail wazdUlvanliaiflesnu Google Drive

WedsalunisneaauludieansdnuaIarnedumasidn



uni 3

SLUEULAZATNISALUNSIVY

INMIANINWITE wihn wasngufiientes ganwlamihanuiunussendld
= = = v ax ] g v 9 1y Y ¢ A o o
WelUSguieuiuIsnisaneg Aldanilunisasaaduluni uazmisnsiaduensual ety

U s ¥ a U al 4 ¥ a s

ulusruunmsenaivensualveBeuseninnsteueeulad  Ingldszuulygusehivg
Ingfivunaunsaiiuau dstaluil

Tupauil 1 Nyinsenveyalynvesiniy

< < = > ad o o

Tumeun 2 mifnwveyanazimalulagnianly

TUABUN 3 NITODNUUUNITNAABS

JUABUN 4 NIATAUNITNARDT

Jumauil 5 NMsauNaniTIde
Tumsmliuanddy fusiioudwnay W.A.2565 WUABUAIAN W.A.2566 3

Juppulazszezalunsaduny Tnenvwwsndosidu 5 Tumnaunlana1iuItedy sy

AN 3.1
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A15199 3.1 : wulunisaduanudde

ITYILIAN

N159LHUY NW.f. 2565 N.f. 2566

819 (10|11 (12|12 |3 |4 |5|6|7|8]|9 |10

RN 1 : MTAIATIVidayalynIvesIuiadY

- Anwdeynn dazAum

PUBlUNNSIVY

v

Yunauh 2 : n1sAnedeyauazimalulagnitunly

ATTNUNIUITIUNTIU

1A ATIINSNTNUS

Y LEUBLAN AT

Anednwus

JUABUTN 3 : N1FBDNLUUNITNAAD

ANIVUNDUNITATS

Tuma

- WWeuluswnsusivelalu

N3N

PUABUN 4 NISANTUNITNAADY

- fiudoyaRnngumieEn

%

YuAdUI 5 : N13aTUNANISIY

A5UNaNI5IY

9
aa ¢ a v
ANUNITUIY

- Wy dnusiay

auysal

- gautaaninentnus

3.1 M3AnTzidayalynivaseIuiag
Adelavihmsfnwtagmnatuluaaiunisaldagtulunsfing Fedlraiien

Wewnanlsasyuin COVID-19  waglutagduiimsurssuulyanusedivg (Al Artificial
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Intelligence) 1nUszenaltlaagnaninavinmnsuiseauuananiluauisedugaannssy day
Asugne Taudsluiumsfing WentuvaenEuduinnuide fidulduszautdymlunis
a & = = = oA ) ~ & = 1
Seueaulad F9Ussennie anwvaznisBeunsasuliiisuiunisSeukuuanlay J9dina
feensuallun1sSen Mlvanuaulassuanad wazilnaliau R uTUSsuanaY 39ANEN
walulagiulygyiussivgiienunisnazdanisiediuauldadasey wagvilinig
doansnilunisSeulugluuuseulatamenfsiumsSeuiuusenladliliuiniiagn
nmsAnudymiintusandsumdunisudlodam  liadedsnwues
v YV £y o’d‘ =1 d' = Q" = o a v v Y " £y 6
LAUBINTDNUB1N5ENUSNzdaniazLdaniinanuiaelumde A137MSIIUDITUAIVDY

a

Beuszninanisteuesulad legldssuulygyiusshivg'

el

3.2 MsAnwdayauazmalulagnuunly

Ya v

N3 1AYINN1SANEIIUITEL NN UNATANITASIAIUIUNTN  WaZASIAIUDITUAIUU

Y

Tunth FaludnisvounaluladdyaUszivg (A) laawadiansnsasdoudnuazlunii

Y

4:1' [~ a{'q Ly 5 = a 1 dd' = £ a ail’
vasyanamidunteludagiuiuiivanvatemalulad  uwimalulaginigenldnulunuidei
Ao lassingUsyamiieunauligdu (Convolutional Neural Network) 1Ha391nlusnu3deiiay

1 [y < 1 = [ v ) P
LUINISMSITUBNTN 2 d3U Ap 1) NMSPsI9dUlUNtn war 2) N1SMSITUBISUAl T4
WAL NLNLENNUNITATIIUIUNLN LAZIANNZAUNUNITASIIUDNTUAINIY AD LATIUY
Uszamiiigumouligiu  WesnnmaluladlaswieUssamieunsuligtuaziivunouligiy
FeEnansoainnenAnEnvuzaaninla iz iun1snsadulunt uagn13nnsaeIVeNTUN

v a D Y] | v ) & a a iy =~
vuluniin Mezdesiinisnsiadeuanwuzaneg vuluninieniu ASEEUIN Aeen Ad L
ATITUDITUANLA Ta91nNNI5ANLINLITBIUNNINTIFBUBITUAIUULURLNLAINUIT NI5ESN4
Tupaiensasdgovansualuulumhdndudeddnineinsvetaiosneufiunesgs {33639
\donld  pre-trained model LWeaslimalunsnsgevosualvulunly  wazldluna
MTCNN (Multi-task Cascaded Convolutional Networks) %QL‘TJUIMLmaﬁgﬂagﬂﬂiﬂﬂ“i’ﬁﬂé’ﬂﬂﬁ
999 CNN wazanansaaiaiuiluwsiazdiuvasluniile Insyadayaiidendiunldieinmu

I

luwa Ao gadoya FER-2013 esaniduyadeyafiinisuusersuaiseniu 7 nguensual

a

wazdnisthlulenulunuideduunnn Tneyadeya FER-2013 Wugadayaignaiusiuain

Y Y
¥

vuduled  Kaggle wazUalidnldnulans  leedinisunaveyadeyaliyl  International
Conference on Machine Learning (ICML) TuU 2013 lag Pierre-Luc Carrier Wag Aaron

Courvil
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3.3 N1599NLUUNITNARDY

nnmsAnudeyauazmaluladiminnly JslsfinisesnuuuszuumsBeusooula
faginantouitymineiu duandusuil 3.1 InelunsidEeurdedluduou ssuvay
fnmsnmaduluntiiiiediesgiagasaduensuaivesGouls Feawyilviaouanunsn
UszilluanuienalavesiSeula

TneseasiBenvassruy awlsenouse 6 dau fad 1) Haeu (nstructor) 2) Kaeu
(Learner) 3) ndeaiuuay (Webcam) 4) N133AT1MtoyavadsE U (Analysis) 5) 113591
915uad (Emotion Recognition) wag 6) N135UU#INNAT (Create Timestamp) %wzizqnmﬁ

WnnsasukUasensualluinte Jawmavaiuiisieaziden sail
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Online Learning

Instructor

Learner
2
Record Learning Video
h
Webcam
3
A
Analysis

Face Detection

Feature Extraction

Classification

4
Y
Emotion Recognition
5
A
Create Timestamp
6

Send Video Output
and Timestamp File

U

=
N

3.1 LdAIN1998NLUUTEUU
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1) faeu (nstructor) : \HussiuszneudAnyvesszuull Ineiiniiiaisuazosnuuy

ndngnaiilom wuumamey wernsUssliukalunisSoudeeulat Teeidemmadsunsly
mavanos awliiRlotufinnnsdewden Data Science ATmET 20.00 Wit Baidloyaszgn
wisooniu 6 dau 1dun evndnd 1 @19 0.00 - 3.00 w7 : unth el 2 (42
3.01 - 845 u¥l) BFUIYANUMINYUAZANLANGANYDY Data Science wag Machine
Learning tievinaudl 3 (421 8.46 - 11.30 uf) eBu1eUssvvestoya fianunsnirluldan
Tu Machine Learning L‘ﬁamd’mﬁ 4 (199 11.31 - 15.53 u¥) a5u1y Al Company Lay
onfoEn Wemduit 5 (929 15.56 - 19.21 w1il) 88u1s Machine Learning wazensogn

\evnaauil 6 (19.22 - 20.00 wiW) nFuingilemunsialy Auuandlunisei 3.2

AN 3.2 LAANIUD MUIUNSEULFALAIUY

o/

Wandiun %799 a1 (W) | 1aan (Bund)

1 U 0.00 - 3.00 180

UNYANURUNY AL AIULANGI 19D
2 3.01 - 8.45 344
Data Science La¢ Machine Learning

oSueUsEIMYesaya Tianna
3 . y 8.46 — 11.30 164
ilulgeulu Machine Learning

4 95U18 Al Company HLazensiogng 11.31 - 1553 262
93U"8 Machine Learning Lag

5 A 15.54 - 19.21 207
gnFOLNg

6 insuigidlomunsely 19.22 - 20.00 38

v PN a a ¢ ° 1 a
2) EﬂLi‘EJu (Learner) : uﬂﬂawaﬂmgLUUULiﬂu@@ubLau LAaZNINIINANABINIUNITILIYUY

NI eI UA LI

3) ndpaduuay (Webcam) : Jdleazgniudinlagldiivuay lnendenzuantyuues
WNLVIEITEUNNEEN  SEUUENEIEURATIINL T MNEIUTIABIN1INTIRE0Y (Region of

Interest : ROI) W Tumin ¥1m19 ¥ 3enn veeRiseuseninansiteus daandlugun 3.2
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JUN 3.2 nsnsadulunih

4) N3IATIVIeTUNIBNEIEEY (Analysis) : HievANuiladnensualvediSeull

dsveedlslussminanssuaunsBens  ewaunszuunsSeuiniuiiazmeuaustetng
wngausomadsuuamiensuaivesdidou Insluduneuiiazgnuusoondu 3 diu fe

1) mansaadulunth (Face Detection) Mnawinlefisudeyadun dialetude
awilsfidesdesusiuunn ashamisdidnananiuiieeiesduuiualonh T
Tudwpoutasrholaglinelulad  MTCNN  (Multitask  Cascaded  Convolutional
Networks) lunisieu tagazilunsviraulugas P-Net waz R-Net o9 MTCNN

2) msafinAudnyny (Feature Extraction) ndsanfimuinadianinazidhilunii
leidr aziinszuaumsdaly fie nsmsraseunudnvuziequulun IEnafinedee
Gulundiiu Sdnwagdinlsznouvedlumigniendeld fn aun A SuilunAsudu
vl vnlad agduuninamillildnmasslumii Tnenglutumeuiiunisheniutag o-
Net 989 MTCNN &adudunaunisinaudiiinisi Fully Convolutional Neural Network 1
W Faumnsetudumeulugae P-Net waz R-Net fithanldauame Fully Connected
Layer

Tunsafandnuaet  melulinaazinishaulaenmsmiudl 5 dumdswes
Tunth USnaneansiaanadng, N, LaTYRUSE U NI uE e LAy

3) N33 muUnUseLAn (Classification) fg miai"]LLuﬂ‘UizLﬂm%’ayjamwﬁ%’mﬁflm WAy

1 [ [ £ ! @3 PN o v 3 £ = 1
NIUNTTANARA AN YIS LA ’JWLUUQWWVIQﬂiULﬂ?iJ’]LUUﬂ']WiUMU’]%iEJI@J

5) 115591915004 (Emotion Recognition) : 9nWan1siaaeulmvesluniiineItes

MUOSUAIYRISEY SPUUILENNTOIIATIENANUEUNUSTEnIeTUalveIdiT e Ui UNS

uunUsznnensuaivesyiseu ssuvasdiwunansuasiudlumidy 7 nquensual uazaslu
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ToANNUIMLNEsULYRINTaUAWBENInTITU UM Nesual 7 ensuaiingiadula

) & ° P = ' = oA a ) P « a
asnuuazdunteyaseniduy 2 nqu AenguiiaulauniGeuy Fwseneuluie  “Uni
(Neutral)” “faugy (Happy)” wag “Usemannla (Surprised)” waznquitliaulauniEeu
Usznaunie “lnss (Angry)” “vzuved (Disgusted)” “1As1 (Sad)” wag “naa (Fear)” e

AudeyaluiSeuidisuiunmluiundineunt wastuiinadulndluduneusely

6) NM3UuANNAN (Create Timestamp) : SeUULYNNSUTUTAN suaAIAs ULl

Tusazdraadlulad « txt” munlASUNINNTUNBUNDUNTN KaTEIDUANTISUUTINIAT haLIn

londufinsgninanisiteunaulldsaeu

3.4 s lanaiiensaaduasuaivesdGou
TusnAfeil 015l pre-trained model iileWmulun1sasiaaeuesuaiveadFou
TnelusAdeiifinsldau ResNet-50 iotfudunuvlunsadiduma Tnefinnsusuanians
Fnstdeiduluna feil
1) vsuruanmildlunisindulana idaun 224 * 224 pixels
2) Ysulmundvesn iy RGB Fudulvuedimunzausunisldnuuunouiinmes
171NN

Y

3) asdudnuteyanisluyateya ielvdeyaniniie 7 esusinszanediiule

Y

4) aseilaniduie create model lngdinsusuAiandsmngg fagui 3.3

lef Create_ResNet58V2_ Model():

JUT 3.3 uansnsusuimndslunisiseusvesimg
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- a$aus model Winfiunlumativzadie Tngld ResNets0v2 1w pre-
trained model

- U¥ur dropout = 0.25 Wieannis overfit vadluag

- izl BatchNormalization wiewfinauiadesvedlinag

- il Flatten layer ilenasutoyaandnuazvesnin 2 faidudnvaziuy
nnwes 1 1@ ewSeudeyadmiumsldluaies Dense

- Dense layer donld activation function Ao RelLU

- wdsantuiia BatchNormalization wag dropout 8nass

- Wi dense layer 8nniletiu wagld activation function fie softmax

3.5 Yunaulun1sAtNIUIY
3 o a a o e’f 1 <@ 3 ¥ [ =
JuneulunIsARUINIUATET ehUieandy 4 Funau Usenaumie 1) N1sAnLaeN

NANAIBEN 2) NM3ARAILUIUATY 3) NM13YINNTSVAR Wag 4) NSaTUNANITNAGDY FagUn 3.4

1) Andanngusinatng

h

2) fimmalusunsy

h 4

3) Min1sNAaaY

h

4) ATUHANTINARD S

d‘ 5 o a a v gj
EU‘V] 3.4 uansunoulun1sANENIUITYTRUA
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1) M3fnionngusiieg1
Tumsdnduedded  Snsdadennguieddlasnisdunmuningusesnanausi
nsmeaes TuasFeuionin Data Science il Tnazdnidennduinetsantnfnu
sraulTeuns Auvaluladalsauwme amﬁ’umwiuia@im—fﬁﬂu Ima%ﬁ’mﬁamaww;ﬁiﬂ
\eieUIvn data science Wi
2) Msdnsaldsunsuildlumsnnaey
Hosnnlusunsufidniiu gndavhdaeniu python wazdlusunsuasdosdinis
USuen parameter Winunzaufupaufinmesusanesos Jsdulufivzdesas Python uaw
module #199 Tiledes naonauiisiusunsuildlunisudlonaswaulusunsy fil
1) Install Python version 3 Fuly
2) Install Visual Studio code
3) Install python module laun opencv-python , keras , tensorflow ,
pywin32 Wa¥ google-api-python-client
Tagan parameter fisndusosusulimnzaufupeuiunesudasiasos Aosiuau
wsumnseiun Wesnlunmstufindiled dnsyuiunts emotion detection @saeldinan

LiwinduluusiaziaSes Yuegiu RAM Uag GPU vadAsasmauiamesiliny

3) Fumeulun1snnass IxUsznaumedunoudaEseg fagun 3.5
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1) ligmeasadszdwwnisiusvanulunisaass

h

2) dvnasadladflevuiinmsasu uaznangnialoliSuAuiuiii 0.00

h 4

3) gvmasaiumsinauvedlusunsy

i

4) EVARBIINSIUNE sPUU taWausanulusunsy

h 4

5) Wnnassvgnan1syinaTuvadlusunsy

h 4

a = a = &
6) HVIAaDd Sunsvinauadlysunsusnass

b J

7) naaulwaiflannsSeu

h

8) WnassnyAn1TYieTUYaslUsunsy

JUN 3.5 uanstunaugaslunisinnimaaes

o a

1) Wingusegreanfniann tauszanfinsasnoufiamesvenu lagliyunaes

Junmlunildegedniau uazeglununnduamemang lilllavieainaiuly dagun 3.6
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JU 3.6 UanINISHIUTEIIIANTNARBIVDILYINNITNARSS

2) WalnddlalunisSoueseul) widelinaauinle wazlmalelunisseu

(BUAUNYIS 0.00 WU FaguRt 3.7

UU ») Media Player

0:00:00

LESSON 1 - Machine Learning < (>

JUN 3.7 uanamsiadaletitewnienyinn1snaaes
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[y [

3) 9nuuBuALUlUSLNSY Gondudigsruunuadutunauy auaau Aadl

[

- Whgsruume Uyl gmail AsguR 3.8

G Sign in with Google

Choose an account

to continue to upload
® Use another account

English (United States - Help Privacy Terms

U 3.8 uanan1sidngseuy

- wihseudusieudueunAndudiligniusesii  Google laedu

noutlarseenaly Continue Weludsiunausialy Asguin 3.9

Google
Google hasn't verified this app

You've been given access to an app that's currently being
tested. You should only continue if you know the developer
that invited you.

English (United States) -~ Help  Privacy  Terms

UM 3.9 miaoudaFiauaIn Google
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- WNRONSVRANDIASINEY edwlnanlWauu Google drive Taglu

nihvetlagaeanalu Continue Wuiu fagua 3.10

~

G Signin with Google

upload wants access to your
Google Account

When you allow this access, upload will be able
to

L See, edit, create, and delete all of your Google Drive
files. Learn more

Make sure you trust upload

You may be sharing sensitive info with this site or app. You
can always see or remove access in your Google Account

Learn how Google helps you share data safely.

See upload's Privacy Policy and Terms of Service.

Cancel Continue

JUN 3.10 wansn1svadnslunisenlvanlla
- ARINAIUTURDUTNAUYINA  9zTUNLIR9T1 “The
authentication flow has completed. You may close this window.” LLﬁmﬁﬂmsL‘ﬁﬁéizUU

wazgudumauitonldnuweundintuldiseuios fagui 3.11

The authentication flow has completed. You may close this window.

a v v °o &
E‘UVI 3.11 ‘Wu’]‘ﬂ@LLﬁ@QﬂqiLﬂquﬁgUUﬁqLiﬁ]

4) ngan1svinauvadlsunsy lnenisnady g vuwduiud ieldlnlngiale
Hadnsnladn1siufinnagmeaewereuiames wildlsvinnsSeu suluiutianaind

NSITEUITY UarnTIRaeUIINITABLLANATNEIAINHYNFBY
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5) fulusunsalmidnads ilesan session lunisdenduazannsaegls 4 wu.
Jeaunsatufiniflelduiindmnmssulusunslaefilifesdendulmisnads

6) naaulridinlelumsBeuiivienly TaeFuiiuniia 0.00 ielvianunsa
nsrafuersuaivedFouldfusisuauinuiuneunsGeu

7) dleFouauauuds aalu g Wesendinlusunay TniulUswnsuagiudin
Flo uarddua (Mudiegduaiildfmuald) Taeseluifi lneduaildsuduiiogiulusly

M3dnNUIAtaul Google Drive waglwduiuana “.txt” 1Uudin timestamp 13 faguil 3.12

Send Video Test (External) Inbox x

tome »

video url = ['https://drive google .com/file/d/1_DGiAbrpbti9sfaRRnuGc0Zsakdb40e2/view ?usp=drivesdk’]

One attachment - Scanned by Gmail @

Ej sample.txt '

JUN 3.12 uansdlanlasuainnssulusunsy

4) @3UNan1InAang

Pnuadnsanmavaaesildeonuilulid video waglvd timestamp MWy
textfile tngazdide file 10U timestamp TunanfiBudusulusunsy Tnglidnadnsilandulg
timestamp Ingazszyne SstusaudlusunsuEunisvhan ssyhgFeulinualaGeu
violil warihaduensusiianansansiadulsogiuvds mnliannsansaadunmlundils
wwtiufindoparin “Cannot detect the face” wnuteanussyamuiilaSouazosual
Tnglunmstufindemnumariadlulig axduiindoosuaifiniaudeusvasvindy dsliie
lunssuuazagUianismaaes  luiiasdunaidBoulionsuaidulstne  uegsdlaBeu

50kl
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NaN15398

4.1 Nan1INTINFOUANUYNAIVAIULAR
4.2 wansimungendwIsiunsasaduluntuazrersualveriseuy

4.3 HansusediuUsgananmgenidislunisnsaduluniuazensuaivesisey

4.1 HAN1INTIVEBUANNYNABIYBSLULAA
TumsliseviensuaivesiFevlusyminmsBouseulad  ldldTunafignmsy
91N ResNet50 afu pre-trained model ﬁgﬂa%ﬁumﬂ Convolutional Neural Network
(CNN) Tngldyateya FER-2013 Fauvsersualiiu 7 nquensual léud o1suallns (Angry),
aualvezues (Disgust), ©15UAINGY (Fear), fimugy (Happy), o1suaiiliunans (Neural),
AueS (Sad), Usznansla (Surprise) Fafiunsvaasunissiuunansusivulunsanluna

nas19tu lngldnquitegraduyndoya FER-2013 diuiuustiiinsmaaeudiuiu 30% uaz

onaansasgun 4.1

True: Angry True: Neutral True: Surprise True: Surprise

True: Sad
Predicted: Sad Predicted: Neutral Predicted: Surprise Predicted: Surprise

True: Angry True: Surprise True: Sad

True: Fear : Fea
Predicted: Angry Predicted: Surprise Predicted: Surprise Predicted: Neutral

Predicted: Fear

JUN 4.1 MpgramsTwunnguatsualielues

nnsIvdeUANgNAeatliaall gnianalagnisuiteyaannyadeya FER-2013

U 30% Ngnuuabilaenisguainyadeya en1snaaeuUseanan nvedling lagluna
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fAinAugNABanatl Accuracy = 0.692 , Precision = 0.690 , Recall = 0.692, F1 score =

0.690 wawil Confusion Matrix fa3Uf 4.2

ResNet50V2 Confusion Matrix
)
S- 619 10 20 36 86 108 9
< 1400
o
%]
- 3 66 5 2 2 2 1
2 1200
(=]
w §o o122 6 479 27 107 | 197 86 1000
1]
Q 5
L2 27 1 15 [REELE 79 32 40 - 800
o ? i
2® '
F 5. s 3 | 53 | 75 EEGM 165 | 14 600
2 =
- - 400
- 119 6 137 51 221 11
1 - 200
&5 18 1 78 36 27 14 | 657
5
wn I I I ] I I I
Angry Disgust Fear Happy Meutral Sad Surprise
Predicted labels

U 4.2 Confusion Matrix Ya9lIAALUS 7 NGUBITHE

910 7 ensuaifingmindnasiu ansnsaduunorsuallunmsBeuseniiu 2 ngu fe 1)
nauiisdlaieu (Attend) waw 2) nauitliilaidou (Not Attend) TnenguiidivlaBeu (Attend)
Usznauluse 1) Tnuay (Happy), 91sueiilunans (Neural), Usznanala (Surprise) waz
ﬂfjuﬁhif?i’jﬂaﬁsm (Not Attend) Usznaumisasuallnss (Angry), @15ualvuezLaes (Disgust),
p15ualnad (Fear), AU (Sad) Imaﬁmmmgﬂéfaaﬁaﬁ Accuracy: 0.846, Precision:
0.879, Recall: 0.841, F1 score: 0.860 wagldl confusion matrix YedluinaABINGLITHAIR

'gﬂﬁ 4.3



True labels
Attend

Not Attend

I
Attend

ResNet50V2 Confusion Matrix

|
Not Attend

Predicted labels

3000

2500

- 2000

- 1500

- 1000

- 500

U1 4.3 Confusion Matrix vasluiaauus 2 nguensual

4.2 wan1swauganauaslunisasaiulundnazarsunlvasyisey

HansiagerdwslunsemduluntuaresualvewSey ldvinveaedag

T llonnvesivn data science Wug1u sfimuend 20.00 Wil wazuvaiiondu 6 dau fad

56

nanuIuLal  TaslunisasagausisualluszuninenisiSeu  azldnadnsiduinlenuans

lunihwesfiseu  Teeliamdeuinseudeuseulumihveslieoy  Wiouuant@1sUNA1T0

n3393ulanAuyEuNtevenseudeuseulunth fdagui 4.4 - 4.10
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=
N

4.5 wansnmnisnsiaduluntluensualiiniugy (Happy)

57




00:04:05
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3

U

=
]

4.7 uamannnisasaduluniiluesuallngs (Angry)

I
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JUN 4.8 uanan1mn1snsiadulumiluensualias (Sad)

™ 00;43:09

=
N

UN 4.9 wanan1nnisasiasuluninlueisualasi (Sad)

CaN
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JUN 4.10 wansnmnsnsadulunthluensuaings (Fear)

wazluvugPefuiuniln1siuindsle syuvazasalnd text Juun  wazdudin

al

A RS suinsisuwUasensualadiulugiie degun 4.11
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E 2023-10-11_11-24-14 s

File Edit  View

90:00:04 Cannot detect the face
090:00:07 Not Attend (Sad)
90:00:07 Cannot detect the face
90:00:09 Not Attend (Disgusted)
90:00:09 Not Attend (Sad)
00:00:1@ Not Attend (Fearful)
90:00:10 Cannot detect the face
90:00:10 Not Attend (Sad)
90:00:11 Cannot detect the face
90:00:13 Not Attend (Sad)
00:00:14 Attend (Neutral)
90:00:15 Not Attend (Sad)
90:00:16 Cannot detect the face
00:00:16 Not Attend (Sad)
90:00:16 Cannot detect the face
90:00:17 Not Attend (Sad)
00:00:17 Attend (Neutral)
90:00:17 Not Attend (Sad)
090:00:18 Attend (Neutral)
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AU dwii 1 | dwdiz | dwiiz | dwiia | dwiis | dawiie
- - - - 0.5 0.5
2 0 0 0 0 0 0
3 1 2 7 6 7 0
4 10 52 26 117.5 141.5 10
5 9 61 50 129 93 11
6 0 0 0 0 0 0
7 20 148 11 67.7 8 5
8 10 16.8 29 34 49 8
9 7 25 0 5 3 2
10 0 1 0 0 0 0
11 0 2 0 1 4 4
12 1 1 0 1 0 0
13 7 2 3 4 0 0
14 0 0 0 0 0 0
15 17 8 1 1 0 1
16 24 31 21 9 21 27
ﬂ"lLag‘EJ 7.07 23.32 9.87 25.01 20.44 4.29
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KiSeu o o o o o o
AU dwii 1 | dwdiz | dwiiz | dwiia | dwiis | dawiie
- - - - 4.55% 16.67%
2 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
3 0.67% 0.59% 4.49% 2.33% 3.43% 0.00%
4 5.65% 50.00% 59.09% 50.65% 80.40% 29.41%
5 6.25% 21.86% 42.74% 50.79% 44.93% 28.95%
6 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
7 86.96% 96.73% 35.48% 45.13% 36.36% 38.46%
8 10.31% 28.24% 28.43% 30.36% 90.74% 33.33%
9 53.85% 16.78% 0.00% 1.95% 1.46% 5.41%
10 0.00% 0.29% 0.00% 0.00% 0.00% 0.00%
11 0.00% 0.76% 0.00% 0.61% 2.38% 14.81%
12 0.65% 0.66% 0.00% 0.64% 0.00% 0.00%
13 5.65% 6.25% 8.82% 3.31% 0.00% 0.00%
14 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
15 12.59% 2.68% 0.64% 0.39% 0.00% 2.63%
16 18.90% 33.70% 14.00% 132.43% 24.71% 100.00%
ﬂ"lLag‘EJ 13.43% 17.24% 12.91% 13.31% 18.06% 16.85%
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#Reference  :  https://www.kaggle.com/code/abduulrahmankhalid/emotion-

based-music-recommender-resnetb50v2

from tensorflow.keras.applications import ResNet50V2

from tensorflow.keras import layers, models, optimizers

from tensorflow.keras.layers import *

from tensorflow.keras.models import Sequential, Model

from tensorflow.keras.utils import plot_model

from tensorflow.keras.callbacks import EarlyStopping, ModelCheckpoint,
ReducelLROnPlateau

from  tensorflow.keras.preprocessing.image import ImageDataGenerator,
load_img, img_to array

from sklearn.model_selection import train_test split

import cv2

import keras

import tensorflow as tf

import os

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

import seaborn as sns

from sklearn.metrics import confusion_matrix, accuracy score, precision_score,
recall_score, f1_score

from datetime import datetime

train_dir = 'emotion_detection/data/train/'

test_dir = 'emotion_detection/data/test/'
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# Visualizing Classes
def Classes_Count(path, name):

Classes Dict = {}

for Class in os.listdir(path):

Full_Path = path + Class
Classes_Dict[Class] = len(os.listdir(Full_Path))

df = pd.DataFrame(Classes_Dict, index=[name])

return df

Train_Count = Classes_Count(train_dir, Train').transpose(

).sort_values(by="Train", ascending=False)

Test_Count = Classes_Count(test_dir, Test').transpose(

).sort values(by="Test", ascending=False)

pd.concat([Train_Count, Test Count], axis=1)

Train_Count.plot(kind="barh")

Test_Count.plot(kind="barh")

plt.style.use('default)

plt.figure(figsize=(25, 8))

image count =1

BASE URL = train_dir
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for directory in os.listdir(BASE_URL):
if directory[0] !="."
for i, file in enumerate(os.listdif(BASE URL + directory)):

ifi ==1:
break

else:
fig = plt.subplot(l, 7, image count)
image count += 1
image = cv2.imread(BASE_URL + directory + /' + file)
plt.imshow(image)

plt.title(directory, fontsize=20)

# Data Preprocessing
img_shape = 48
batch_size = 64
train_data_path = train_dir
test data path = test dir

train_preprocessor = ImageDataGenerator(
rescale=1/ 255,
# Data Augmentation
rotation_range=10,
zoom range=0.2,
width_shift range=0.1,
height_shift range=0.1,
horizontal flip=True,

fill_mode='nearest’,

test_preprocessor = ImageDataGenerator(

rescale=1/ 255,
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train_data = train_preprocessor.flow_from_directory(
train_data_path,
class_mode="categorical",
target size=(img_shape, img_shape),
color_ mode="rgb,
shuffle=True,
batch size=batch size,
subset="training’,

)

test_data = test_preprocessor.flow_from_directory(
test data_path,
class_mode="categorical",
target_size=(img_shape, img_shape),
color_ mode="rgb",
shuffle=False,
batch_size=batch_size,

)

# Building ResNet50V2 Model

# specifing new image shape for resnet

img_shape = 224

batch_size = 64

train_data_path = train_dir

test data path = test dir

train_preprocessor = ImageDataGenerator(
rescale=1/ 255,
rotation_range=10,

zoom range=0.2,
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width_shift range=0.1,
height_shift range=0.1,
horizontal _flip=True,

fill_mode='"nearest’,

test preprocessor = ImageDataGenerator(

rescale=1/ 255.,

train_data = train_preprocessor.flow from_directory(
train_data_path,
class_mode="categorical",
target_size=(img_shape, img_shape),
color mode="rgb',
shuffle=True,
batch_size=batch_size,

subset="training',

test data = test preprocessor.flow_from_directory(
test _data_path,
class_mode="categorical’,
target size=(img_shape, img_shape),
color_ mode="rgb",
shuffle=False,

batch_size=batch_size,

# ### Fine-Tuning ResNet50V2
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ResNet50V2 = tf.keras.applications.ResNet50V2(input_shape=(224, 224, 3),
include top=False,
weights='imagenet'

)

# Freezing all layers except last 50

ResNet50V2.trainable = True

for layer in ResNet50V2.layers[:-50]:

layer.trainable = False

def Create_ResNet50V2_Model():

model = Sequential([
ResNet50V2,
Dropout(.25),
BatchNormalization(),
Flatten(),
Dense(64, activation="relu),
BatchNormalization(),
Dropout(.5),
Dense(7, activation='softmax’)
)
return model
ResNet50V2_Model = Create ResNet50V2_Model()
ResNet50V2_Model.summary()
ResNet50V2 Model.compile(

optimizer='adam’, loss='categorical crossentropy', metrics=['accuracy')
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# Create Callback Checkpoint
checkpoint_path = "ResNet50V2_Model Checkpoint

Checkpoint = ModelCheckpoint(

checkpoint_path, monitor="val_accuracy', save_best only=True)

# Create Early Stopping Callback to monitor the accuracy
Early Stopping = EarlyStopping(

monitor='val_accuracy', patience=7, restore_best weights=True, verbose=1)

# Create ReduceLROnPlateau Callback to reduce overfitting by decreasing
learning
Reducing LR = tfkeras.callbacks.ReducelROnPlateau(monitor="val_loss,
factor=0.2,
patience=2,

verbose=1)

callbacks = [Early Stopping, Reducing LR]

steps_per_epoch = train_data.n // train_data.batch_size

validation steps = test data.n // test data.batch_size

now = datetime.now()
dt_string = now.strftime("%Y%m%d_%H%M%S")

print(dt_string)

ResNet50V2_history = ResNet50V2_ Model fit(train_data,

validation_data=test_data, epochs=30, batch_size=batch size,
callbacks=callbacks,

steps_per_epoch=steps per_epoch, validation steps=validation steps)

ResNet50V2_Model.save(f'resnet_30epoch {dt string}.h5")
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# Evaluating ResNet50V2

ResNet50V2_Model = tf.keras.models.load model(
f'"Model/resnet 30epoch 20230807 094237.h5")

ResNet50V2_Score = ResNet50V2_Model.evaluate(test data)

print("  Test Loss: {:.5f}". format(ResNet50V2_Score[0]))
print("Test Accuracy: {:.2f}%".format(ResNet50V2_Score[1] * 100))

def plot_curves(history):

loss = history.history["l0ss"]

val_loss = history.history["val loss']

accuracy = history.history["accuracy"]

val_accuracy = history.history["val_accuracy"]

epochs = range(len(history.history["loss"]))

plt.figure(figsize=(15, 5))

# plot loss

plt.subplot(l, 2, 1)

plt.plot(epochs, loss, label="training loss")
plt.plot(epochs, val_loss, label="val loss")
plt.title("Loss")

plt.xlabel("epochs")

plt.legend()

# plot accuracy




95

plt.subplot(1, 2, 2)
plt.plot(epochs, accuracy, label="training_accuracy")
plt.plot(epochs, val accuracy, label="val accuracy")
plt.title("Accuracy”)
plt.xlabel("epochs"”)
plt.legend()
ResNet50V2_Predictions = ResNet50V2_Model.predict(test data)
# Choosing highest probalbilty class in every prediction
ResNet50V2_Predictions = np.argmax(ResNet50V2_Predictions, axis=1)

fig, ax = plt.subplots()

# fig, ax = plt.subplots(figsize=(15, 10))

cm = confusion_matrix(test data.labels, ResNet50V2_Predictions)
sns.heatmap(cm, annot=True, fmt="¢', ax=ax, cnap=plt.cm.Blues,

linewidths=0.1, linecolor='lightblue')

ax.set_xlabel('Predicted labels', fontsize=15)
ax.set_ylabel('True labels', fontsize=15)
ax.set_title(ResNet50V2 Confusion Matrix', fontsize=20)
Visualizing Predictions
Emotion_Classes = ['Angry/,

'Disgust,

'Fear’,

Happy’,

'Neutral',

'Sad’,

‘Surprise']

# Shuffling Test Data to show diffrent classes
test_preprocessor = ImageDataGenerator(

rescale=1/ 255,
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test _generator = test_preprocessor.flow_from directory(
test data path,
class_mode="categorical",
target size=(img_shape, img_shape),
color_ mode="rgb",
shuffle=True,
batch size=batch size,

)

Random_batch = np.random.randint(0, len(test generator) - 1)

Random Img_Index = np.random.randint(0, batch_size - 1, 10)

fig, axes = plt.subplots(nrows=2, ncols=5, figsize=(25, 10),
subplot_kw={xticks": [J, 'yticks": []})

for i, ax in enumerate(axes.flat):

Random_Img = test_generator[Random_batch][0][Random_Img_Index[i]]

Random Img_ Label = np.argmax(

test_generator[Random_batch][1][Random Img_Index[i]])

Model Prediction = np.argmax(ResNet50V2_Model.predict(

tf.expand_dims(Random Img, axis=0), verbose=0))

ax.imshow(Random_Img)

# Display 10 random pictures from the dataset with their labels
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Random batch = np.random.randint(0, len(test generator) - 1)

Random_Img_Index = np.random.randint(0, batch_size - 1, 10)

fig, axes = plt.subplots(nrows=2, ncols=5, figsize=(25, 10),
subplot_kw={xticks" [, 'yticks": [I})

for i, ax in enumerate(axes.flat):

Random_Img = test generator[Random_batch][0]J[Random Img_Index[il]
Random Img_Label = np.argmax(

test generator[Random batch][1][Random _Img Index(i]])

Model_Prediction = np.argmax(ResNet50V2_Model.predict(

tf.expand_dims(Random_Img, axis=0), verbose=0))

ax.imshow(Random_Img)

if Emotion_Classes[Random Img Label] ==
Emotion_Classes[Model Prediction]:
color = "green"
else:
color = "red"
ax.set_title(
f"True: {Emotion Classes[Random Img_Label];\nPredicted:
{Emotion_Classes[Model Prediction]}', color=color)
plt.show()
plt.tight layout()

# accuracy: (tp +tn) / (p + n)

accuracy = accuracy_score(test data.labels, ResNet50V2_Predictions)
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print('‘Accuracy: %f' % accuracy)
# precision tp / (tp + fp)
precision = precision_score(
test data.labels, ResNet50V2_ Predictions, average='weighted’)
print('Precision: %f' % precision)
# recall: tp / (tp + fn)
recall = recall_score(

test_data.labels, ResNet50V2_Predictions, average='weighted’)

print('Recall: %f' % recall)

#fl:2tp/(2tp + fp + fn)

f1 = f1_score(test_data.labels, ResNet50V2_Predictions, average='weighted')
print(F1 score: %f" % f1)

ytrain = []
ytest = []
for i in range(len(test_data.labels)):
# print(test_data.labels[i])
if test_data.labels[i] == 3 or test data.labels[i] == 4 or test data.labels[i] ==

ytrain.append(‘attend’)
elif test_data.labels[i] == 0 or test data.labels[i] == 1 or test data.labelsli]
== 2 or test_data.labels[i] ==
ytrain.append('not_attend')
else:
ytrain.append(‘'wow')
if ResNet50V2_Predictions[i] == 3 or ResNet50V2_Predictionsli] == 4 or
ResNet50V2_Predictions[i] == 6:
ytest.append(‘attend')
elif ResNet50V2_Predictions[i] == 0 or ResNet50V2_Predictions[i] == 1 or
ResNet50V2_Predictions[i] == 2 or ResNet50V2_Predictions[i] == 5:
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ytest.append('not_attend')
else:

ytest.append('wow')

y train = np.array(ytrain)
y_test = np.array(ytest)

for i in range(len(test_data.labels)):
if y train[i] I=y_test[il:
print("Y train = "+str(y train[il))
print("Y test = "+str(y_test[il)
print(i)

fig, ax = plt.subplots()

cm = confusion_matrix(y_train, y_test)

sns.heatmap(cm, annot=True, fmt='¢', ax=ax, cnap=plt.cm.Blues,

linewidths=0.1, linecolor="lightblue')

ax.set_xlabel('Predicted labels', fontsize=15)
ax.set_ylabel('True labels', fontsize=15)

ax.set_title('ResNet50V2 Confusion Matrix', fontsize=20)

accuracy = accuracy_score(y train, y test)
print('Accuracy: %f' % accuracy)
precision = precision_score(

y train, y test, average='weighted
print('Precision: %f' % precision)

recall = recall_score(
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y_train, y_test, average='weightec
print('Recall: %f' % recall)
f1 = f1_scorely train, y test, ave cighted)

print('F1 score: %f' % f1)
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import pickle

import os

from google auth oauthlib.flow import Flow, InstalledAppFlow

from googleapiclient.discovery import build

from googleapiclient.http import MediaFileUpload, MedialoBaseDownload

from goosgle.auth.transport.requests import Request

def Create_Service(client_secret file, api_name, api_version, *scopes):
print(client_secret file, api_name, api_version, scopes, sep="-)
CLIENT SECRET FILE = client secret file
APl SERVICE_NAME = api_name
AP|_VERSION = api_version
SCOPES = [scope for scope in scopes[0]]
print(SCOPES)

cred = None

pickle file = ftoken {API SERVICE_NAME} {API VERSION}.pickle
# print(pickle_file)

if os.path.exists(pickle file):
with open(pickle file, 'rb’) as token:
cred = pickle.load(token)

if not cred or not cred.valid:
# if cred and cred.expired and cred.refresh_token:
#  cred.refresh(Request()

# else:
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flow = InstalledAppFlow.from client secrets file(CLIENT SECRET FILE,
SCOPES)

cred = flow.run_local _server()

with open(pickle file, 'wb') as token:

pickle.dump(cred, token)

try:
service = build(API_SERVICE NAME, APl VERSION, credentials=cred)
print(API_SERVICE_NAME, 'service created successfully’)
return service
except Exception as e:
print(Unable to connect.’)
print(e)

return None

def convert_to RFC datetime(year=1900, month=1, day=1, hour=0,
minute=0):
dt = datetime.datetime(year, month, day, hour, minute, 0).isoformat() + 'Z'

return dt
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from goosgleapiclient.http import MediaFileUpload

from Google import Create Service

CLIENT SECRET FILE = 'Authentication_Files\client secret.json'
API_NAME = 'drive'

API_VERSION = 'v3'

SCOPES = ['https://www.googleapis.com/auth/drive']

service = Create Service(CLIENT SECRET FILE , APl NAME , APl VERSION ,
SCOPES)

def uploadvideo(file_names,mime_types) :
folder id = "1W2GP4sTISGusqGUXV34022V35LP5ANt'
url =[]

for filename , mime_type in zip(file_names,mime_types) :
file_metadata = {
'name’ : filename,
‘parents' :[folder id]
}
media =

MediaFileUpload('Output/{0} .format(filename), mimetype=mime_type)

response = service.files().create(
body=file_metadata,
media_body=media,
fields="*

).execute()
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file_id = responsel'id']
urlvid = response['webViewLink]

url.append(urlvid)

request body = {
‘role' : 'reader’,

'type' : 'anyone'

response_permissions = service.permissions().create(
fileld = file id,
body = request_body

).execute()

print(response_permissions)

return url
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import cv2

import numpy as np

from keras.models import model _from_json
import os

from other_python_file.timer import Timer
import smtplib

from email.mime.text import MIMEText
from email.mime.multipart import MIMEMultipart
from email.mime.base import MIMEBase
from email import encoders

from upload import uploadvideo

import tensorflow as tf

# Setup port number and server name
smtp port = 587 # Standard secure SMTP port

smtp_server = "smtp.gmail.com” # Google SMTP Server
# Set up the email lists
email_from = "ch.phurichaya st@tni.ac.th "

email_list = ['ch.phurichaya_st@tni.ac.th']

# Define the password (better to reference externally)

pswd = "iynolewewrwlhfcj" # As shown in the video this password is now dead, leff

in as example only

# name the email subject

subject = "Send Video Test"
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# set resolution of device

def change_res(cap, width, height):
cap.set(3, width)
cap.set(4, height)

# grab resolution dimensions and set video capture to that resolution.
def get _dims(cap, res):
# Function adapted from https://kirr.co/0l6gmh
# Standard Video Dimensions Sizes
STD_DIMENSIONS = {
"480p": (640, 480),
"720p": (1280, 720),
"1080p": (1920, 1080),
'ak": (3840, 2160),

width, height = STD_DIMENSIONS[res]
if res in STD_DIMENSIONS:
width, height = STD_DIMENSIONS[res]
# change the current caputre device
# to the resulting resolution
change res(cap, width, height)
return width, height

#set filetype to video (avi,mp4)
def get video_type(filename):
VIDEO_TYPE = {
avi': cv2.VideoWriter fourcc(*XVID),

filename, ext = os.path.splitext(filename)
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if ext in VIDEO TYPE:
return VIDEO_TYPE[ext]
return VIDEO TYPE['avi']

# Define the email function (dont call it email!)

def send_emails(filename,link):

for person in email_Llist:
# Make the body of the email
body = fllll"

video url = {link}

nnn

# make a MIME object to define parts of the email
msg = MIMEMultipart()

msg['From'] = email_from

msg[To'l = person

msg['Subject'] = subject

# Attach the body of the message
msg.attach(MIMEText(body, 'plain’))

for file in filename:
# Open the file in python as a binary

attachment= open(file, 'rb") # r for read and b for binary

# Encode as base 64
attachment package = MIMEBase(‘application’, 'octet-stream’)
attachment package.set payload((attachment).read())

encoders.encode_base64(attachment_package)
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attachment package.add header('Content-Disposition’, "attachment
filename= " + file)

msg.attach(attachment package)

# Cast as string

text = msg.as_string()

# Connect with the server

print("Connecting to server...")

TIE server = smtplib.SMTP(smtp_server, smtp_port)
TIE server.starttls()

TIE_server.login(email_from, pswd)
print("Succesfully connected to server”)

print()

# Send emails to "person” as list is iterated
print(f"Sending email to: {person}...")
TIE_server.sendmail(email_from, person, text)
print(f'Email sent to: {person}")

print()

# Close the port
TIE_server.quit()

#set video properties
filename = 'Output/video.avi'
frames_per second = 24.0
res = "720p'

t = Timer()
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attend = ['Happy', 'Neutral', 'Surprised']
not_attend = ["Angry", "Disgusted","Fearful", 'Sad']

emotion_dict = {0: "Angry", 1: "Disgusted", 2: "Fearful’,
3: "Happy", 4: "Neutral", 5: "Sad", 6: "Surprised"}

emotion_model 3

tf.keras.models.load_model("Model/resnet_30epoch 20230807 094237.h5")

print("Loaded model from disk")

# start the webcam feed

cap = cv2.VideoCapture(1)

out = cv2.VideoWriter(filename, get video_type(
filename), 5.93 , get_dims(cap, res))

#start timer

t.start()

file_object = open(‘Output/sample.txt’, 'w

#declare variable for save emotion to file

emotionNow ="'

emotionPrev ="

while True:
# Find haar cascade to draw bounding box around faceq
ret, frame = cap.read()
if not ret:

break

#call face detector

face detector = cv2.CascadeClassifier(

'Model/haarcascade frontalface default.xml’)
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#change color of frame

gray frame = cv2.cvtColor(frame, cv2.COLOR BGR2GRAY)

# detect faces available on camera
num faces = face detector.detectMultiScale(gray frame,

minNeighbors=5)

time = t.gettime()

# take each face available on the camera and Preprocess it
for (x, y, w, h) in num_faces:
cv2.rectangle(frame, (x, y-50), (x+w, y+h+10), (0, 255, 0), 4)
roi_gray frame = gray framely:y + h, xxx + w]

cropped img = cv2.resize(roi_gray frame, (224, 224))

cropped_img = cv2.merge((cropped _img, cropped_img, cropped_img))

img = np.expand_dims(cropped_img, axis=0)

new_img = img/255.0

# predict the emotions
#iry :
emotion_prediction = emotion_model.predict(new_img)

#print(emotion_prediction)

#find max peercentage to show the detected emotion
maxindex = int(np.argmax(emotion_prediction))
cv2.putText(frame, emotion_dict[maxindex],

cv2.FONT HERSHEY SIMPLEX, 1, (255, 0, 0), 2, cv2.LINE_AA)

emotionNow = emotion_dictmaxindex]

if emotionPrev = emotionNow :

(x+5, y-20)

scalefFactor=1.3
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print('Now : '+emotionNow)
print('Prev : '+emotionPrev)

emotionPrev = emotionNow

text attend ="
if emotionNow in attend :
text_attend = 'Attend (' + emotionNow +)'

if emotionNow in not_attend :

text_attend = 'Not Attend (' + emotionNow +')

time = t.gettime()

hr = int(time/3600)

min = int((time/3600) % 60)
sec = int(time % 60)
file_object.write(text_attend+" "
# except Exception as err:

#  print(err)

font = cv2.FONT HERSHEY SIMPLEX
datet ="

out.write(frame)

#show windows

cv2.imshow('Emotion Detection', frame)

#close windows
if cv2.waitKey(1) & OxFF == ord('q):
file_object.close()

break

t.stop()

+str(hr) + %' + str(min) + ' + str(sec)+'\n")
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file_object.close()

#close all windows
cv2.destroyAllWindows()
#wait for close windows

cv2.waitkKey(1)

link = uploadvideo(['video ; )
print(link)

send_ema
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Abstract—This study focuses on the application of artificial
intelligence in the realm of online education, specifically
addressing the detection of emotional states among online
learners. The primary objective is to develop a robust
Convolutional Neural Network (CNN) bhased system for
accurately assessing the emotional engagement of learners
during online educational sessions. The learners are categorized
into two distinct groups based on their level of engagement:
those who actively participate and those who exhibit disinterest.
To evaluate the effectiveness of this emotion detection model,
pre- and post-learning assessments are conducted to gauge
learners' comprehension and the impact of the emotion
detection system on their learning outcomes. The research
findi d rate a notable level of accuracy, with the two
emotions classification 84.65%. This research contributes to the
broader field of enline education by providing a sephisticated
tool for assessing and enhancing the emotional well-being and
engagement of learners in digital learning environments.

Keywords—CNN, Online Lducation, Emetion Defection

I. INTRODUCTION

The education system is the main point for the
development of human resources for driving the nation
forward. It stands as a pivotal avenue for affording
opportunities to all citizens, enabling them to acquire
knowledge to be applicd in their future professions. However,
the state of education in Thailand is beset by challenges,
encompassing both qualitative and quantitative aspects.

In terms of quality, there exists a predicament exemplified
by scores derived from the PISA assessment, which are lower
than those of countries within the ASEAN region.
Simultaneously, from a quantitative standpoint, issues persist,
such as educational disparities and the dearth of educational
opportunities for youth in various regions [1].

The COVID-19 pandemic crisis has precipitated a
disruption in the educational landscape. resulting in the
suspension of conventional teaching and learning activities
within educational institutions since the commencement of the
2020 academic year. This predicament has necessitated
learners across the nation to primarily adopt alternative
learning avenues, such as online platforms and satellite
television broadcasts. However, stemming from this crisis, the
educational challenges faced in Thailand have been further

exacerbated, particularly in terms of issues pertaining to the
quality of education.

Due to the online learning environment, there is a lack of
face-to-face communication, which differs from traditional
classroom instruction. In the latter, it was possible to gauge
learners' emotions and sentiments. In the context of online
teaching, limitations arise from the environmental conditions,
potentially leading to incomplete comprehension and
understanding [2].

The aims of this paper include facilitating the assessment
of learners’ emotions during onlinc learning and developing a
program that utilizes facial recognition technology for the
purpose of emotion detection.

In this work, we use a CNN model developed from
ResNet50 and trained with the FER-2013 dataset, which
classifies human emotions into seven categories.

TI. RELATED WORK

A. Facial Fmotional Expression Detection

Facial expression [3] is the manner in which emotions are
conveyed through the features of facial muscles at a given
moment. This involves changes in the facial muscles that
indicate emotions. Hence, technology has been employed to
detect and analyze these emotional cues on the face.

In their work, Wafa Mellouk and Wahida Handouzi [4]
conducted a literature review titled "Facial emotion
recognition using deep learning: review and insights." The
review revealed that emotions are often categorized into six
fundamental categories: sad, fear, disgust, surprise, angry,
and happy. Research in this field typically involves the
classification of these six basic emotions as well as the
recognition of neutral facial expressions (faces without
apparent cmotions).

To achieve this recognition, convolutional neural network
(CNN) has gained popularity as a technology of choice. CNN
have demonstrated high accuracy levels, exceeding 90% in
emotion recognition tasks. This underscores the effectiveness
of CNN in accurately detecting and categorizing emotions
based on facial expressions.
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B. Convolution Neural Networks

Convolution Neural Network (CNN) is one of the
characteristics of neural Network. It is often used to detect
faces and emotions. Because it can do both feature extraction
and classification, which can be regarded as the highlight of
this network [5]-[9].

Since convolution layers arc employed in the system, they
play a crucial role in extracting distinctive features from
images. Convolution layers simulate the human visual system,
which perceives images as a collection of subregions and
combines them, such as when detecting object edges. This
allows the model to learn image characteristics efficiently and
accurately. Convolution layers work in conjunction with other
layers like Pooling Layers and Fully-Connected Layers, which
differentiate Convolutional Neural Network (CNN) from
other neural network architectures. These layers collectively
cnable the neural network to process and analyze images
effectively, making CNN well-suited for tasks involving
image recognition and feature extraction.

The CNN architecture, characterized by its multiple
layers, plays a crucial role in image processing. At ifs core,
the convolutional layer is pivotal, augmented by additional
layers structured as follows:

1) Tnput Layer: At the forefront of the CNN, the input
layer receives the raw pixel values of the image, serving as
the foundational step in the neural network's analysis.

2) Convolutional Layers: CNN implements convolutional
layers to process input data. These layers employ small,
learnable filters known as kernels, which slide over the input
data, facilitating feature detection. In the initial stages, these
layers identify basic features like edges, corners, and textures.
As the network deepens, these features amalgamate to detect
intricate patterns and complex objects.

3) Activation Function: Following each convolution
operation, an activation function (e.g., ReLU, Sigmoid) is
applied element-wise. This introduces non-linearity into the
system, empowering the network to grasp intricate patterns
and relationships within the data.

4) Pooling Layers / Subsampling Layers / Down-
sampling Layers: Pooling layers play a vital role in reducing
the spatial dimensions of the input volume. Utilizing methods
such as max-pooling and average-pooling, these layers curtail
the computational load and the number of parameters within
the network. Additionally, they act as a control mechanism
against overfitting, cnhancing the network's  overall
efficiency.

5) Fully Connected Layers / Densc Layers: After
traversing multiple convolutional and pooling layers, the
neural network engages in high-level reasoning through fully
connected layers. Neurons within these layers establish
connections with all activations in the preceding layer,
allowing the network to discern intricate relationships within
the data. This intricate connectivity enables the network to
comprehend complex patterns, a fundamental aspect of its
learning process.

6) Output Layer: The final layer of the CNN constitutes
the output layer. In classification tasks, this layer often
cmploys a softmax activation function. This function
transforms the nctwork's internal activations into class
probabilities, providing a clear and interpretable output for

the given input, making it invaluable for various real-world
applications, especially in the realm of computer vision and
pattern recognition.

The utilization of Convolutional Neural Network (CNN)
is particularly well-suited for Face Recognition due to the
architecture of CNN, which includes multiple layers of filters.
This architecture enhances the quality of facial detection, even
when there are changes in image proportions. Additionally,
CNN contributes to improving the efficiency and
effectiveness of Face Recognition while reducing the number
of false positives by learning and identifying facial features in
a hierarchical manner.

CNN excels in feature extraction, which is vital for
recognizing faces accurately. They can capture complex facial
details and patterns, making them highly effective at
differentiating between individuals. Moreover, CNN can
adapt to variations in lighting, facial expressions, and pose,
making them robust for real-world face recognition
applications.

In summary, CNN are a suitable choicc for Face
Recognition due to their ability to extract relevant features,
adapt to variations, and enhance recognition accuracy,
ultimately contributing to the reduction of false
identifications.

C. Emotion Classification

Facial expressions are a fundamental aspect of human
communication [10], as outlined in reference. They represent
a non-verbal form of communication that is equally
significant. Human beings convey a wide range of emotions
through their facial expressions, which can be categorized into
siX primary emotions. Each emotion is typically associated
with distinct facial expressions, as follows:

e Angry: furrowed brows, upper and lower eyelids
open wide, tightened lips, and a tense mouth.

e  Fear: knitted brows, upper cyelids moving upwards,
and lips slightly apart.

e Disgust: furrowed brows, a wrinkled nose, an upper
lip lifted, and lips pressed together.

e Happy: Tightened muscles around the eyes, visible
crow's feet around the eyes, raised checks, and
corners of the mouth lifted upwards.

e Sadness: inner corners of the eycbrows raised,
corners of the mouth pulled downward.

e Surprise: raised cycbrows, widened upper eyelids, an
open mouth, and expanded eye sockets.

These facial expressions serve as a universal means of
conveying emotions, allowing individuals to communicate
their feelings without the need for words. They are a
fundamental component of human interaction and
understanding.

D. Facial Muscular Movemeni

On the human face, there are approximatcly twenty
muscles, cach with specific functions [11]. These facial
muscles play two primary roles:
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e Auriculars: Some individuals can use these muscles
to move their ears.

e Corrugator Supercilia: Located around the eyebrows,
these muscles enable brow furrowing.

e Depressor Anguli Oris: Situated around both sides of
the chin, they assist in brow furrowing.

e Depressor Labii Inferioris: Found around the chin,
these muscles aid in lowering the lower lip.

e Levator Labii Superioris Alaeque Nasi: These
muscles contribute to raising the upper lip and the
nostrils.

e Mentalis: Located in the center of the chin, they
control the movement of the lower lip.

e Nasalis: These muscles help in opening the nostrils.

e Occipitofrontalis: Positioned above the eyebrows
and extending to the crown of the head, they lift the
cycbrows and allow the raising of the corners of the
mouth.

e Orbicularis oculi: They control eyelid movement.

e Orbicularis oris: Muscles encircling  the lips,
controlling lip opening and closing.

e Procerus: Located between the eyebrows, they are
involved in controlling the eyebrows and nose
bridge.

e Risorius: Positioned on the sides of the mouth, they
contribute to smiling.

e Zygomaticus Major and Minor: They play a role in
smiling.

1% Resnet50

The term "ResNet" is derived from "Residual Network,"
and it represents a specific category of Convolutional Neural
Network (CNN) as introduced in the paper titled "Deep
Residual Leaming for Image Recognition," authored by He
Kaiming, Zhang Xiangyu, Ren Shaoging, and Sun Jian in
2015. CNN are widely employed in various computer vision
applications [13-15].

ResNet-50, a prominent instance, is a convolutional neural
network comprising fifty layers, which encompasses forty-
cight convolutional layers, one MaxPool layer, and one

average pool layer. Residual neural networks belong to the
realm of Artificial Neural Network (ANNs), characterized by
their construction through the stacking of residual blocks.

The original ResNet model, called ResNet-34, was
upgraded for better performance. Nowadays, we have ResNet-
50, ResNet-101, ResNet-152 are popular, but for this study,
the smaller ResNet-50 is the best option due to our limited
data. ResNet-50 works well for this rescarch because our
datasct is not very large. In comparison, ResNet-101 and
ResNet-152 need more computer storage and processing
power, which goes beyond what this paper needs.

F. Related Documents and Research

Wacharachai Kongsiriwatthanakul et al. [16] conducted a
research study on a system that monitors classroom
attendance and assesses learners' interest through facial
expressions using a webcam. This stdy focused on
monitoring attendance and capturing the emotions of learners
during on-site learning. They categorized emotions into two
groups: the first group included emotions related to interest
in learning, such as neutral, happy, and surprised, while the
second group included emotions indicating disinterest in
learning, such as angry, sad, and fear.

III. RESEARCH METHODOLOGY
A. Limitation

e  The sample group consists of undergraduate learners
from the Thai-Nichi Institute of Technology.

e Learning a data science lesson in twenty minutes
using video recordings from a data science class. The
learners' comprehension is assessed through pre- and
post-learning quizzes.

e Learners are required to use a desktop computer or
laptop with the following specifications:

e Capable of internet connectivity.

e Equipped with a camera capable of capturing images
of the learner.

s  Storage space on the computer of more than one GB.

B. Working Process

Online learning system has been developed to address
these issues. The system aims to incorporate a solution by
leveraging technology. While learners are engaged in their
virtual classrooms, the system will employ facial detection to

Send Video

Instructor

4

Leamer

Analysis
¥ FaceDetecton |

‘ Feafure Exirac

}—J‘ Create Timestamp
s

Fig. 1. Working process of cmotion detection program.
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analyze and detect learners' emotions. This feature will allow
instructors to assess the level of satisfaction among learners.

The system is composed of six components, each with
specific roles and functionalities, as described below and
shown in Fig. 1.

1) “Learner”: Individuals who have registered for online
learning

2) “Instructor™ A pivotal element of the system,
responsible for creating and designing the curriculum,
content, assessments, and evaluations for online learning.

3) “Webcam™: Video footage is recorded using a webcam.
The camera captures the specific perspectives of learners
participating in the virtual class. The system tires to identify
regions of interest (ROIs) such as facial expressions, postutes,
gestures, or gazes of the learners during the learning process.

4) “Analysis’: This part consist of three subcomponents as
“Face Detection”, “Feature Extraction”, and “Classification”.
This “Analysis” component is responsible for analyzing the
captured data. It detects and interprets learners' facial

expressions and emotions based on the recorded video.

In this research, we use CNN for “Feature Extraction” and
“Classification” to recognize emotions. In ResNet-50, there
are various layers combined, including:

e TInput layer to receive image data with dimensions
(224,224,3), meaning the image is 224 pixels wide,
224 pixels long, and uses the RGB color model.
Convolution and Pooling Layers We using
Convolutional layers (Conv2D) apply filters to the
input to create feature maps.

e Residual Blocks: The model has special blocks
called residual blocks which are the key innovation
of ResNet architectures. Each block has layers that
help process the data: convolutional layers, batch
normalization to adjust the data, and activation
functions (ReLU) to add complexity.

e Batch Normalization and Activation: Batch
Normalization layers normalize the activations of the
previous layer at each batch, stabilizing and
accelerating the training process. Activation
functions (ReLU) introduce non-linearities to the
model, allowing it to learn complex patterns in the
data.

e Pooling Layer: After the last residual block, there is
a MaxPooling2D> layer that further reduces the
spatial dimensions to (28, 28, 256).

For training the model, we use FER-2013 dataset [17]-
[18]. This dataset collects human facial expression images.
The data was gathered from the Kaggle website and is freely
accessible. It comprises a total of 35,887 images, as indicated
in Table I

5) “Emotion Recognition™ The system is designed to
recognize emotions from leamers' facial expressions, aiming
to provide insights into their emotional states during learning.

6) “Create Timestamp” is shown Time Logging into *.txt”
file: The system logs the instances of detected changes in

TABEL L. THE NUMBER OF IMAGES ™N THE FER-2013 DATASET.
Emotion Training Test Train and test
data data data

Angry 3.995 958 4.953
Disgust 436 11 547
Fear 4.097 1.024 5.121
Happy 7,215 1.774 8,989
Neural 4.965 1,233 6,198
Sad 4,830 1,247 6,077
Surprise 3,171 831 4,002
Total 28,709 7,178 35,887

emotions during the video. This information is stored in a text
file, indicating the timestamps of emotional fluctuations.

Each component contributes to the functionality of the
system in the following manner, encompassing their
respective roles.

IV. EXPERIMENTAL RESULTS

A. Model Accuracy

The model was trained using the ResNet30 architecture, a
pre-trained convolutional neural network (CNN) framework.

This training utilized the FER-2013 dataset, which
categorizes facial expressions into seven distinct emotional
states: 1) angry, 2) disgust, 3) fear, 4) happy, 5) neutral. 6)
sad, and 7) surprise as shown in Fig.2

These results demonstrate the model's capability in
accurately classifying emotional states based on the FER-
2013 dataset and are suitable for inclusion in a research paper.

Fig 2. Seven emotions detcction output.
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Fig 3. Seven emotions model’s confusion matrix.
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Fig 4. Two emotions model’s confusion matrix.

This model has accuracy = 0.692, precision = 0.690, recall =
0.692, and F1 score = 0.690. This model’s confusion metrix
is in Fig. 3.

From the seven emotions detection model, we classify the
emotion into two groups [16,19]. 1) “Attend” group has
happy, neutral, and surprise. 2) “Not attend” group has angry,
disgust, fear, and sad. In this model, the accuracy is 0.846,
precision = 0.879, recall = 0.841 and F1 score = 0.860. The
confusion matrix for this model is shown in Fig. 4.

B. Using program for detect

We use the basic of data science in this experiment. In this
experiment we divided the video into six parts.

Part 1 (0.00 — 3.00 minutes): Introduction of data science
course

Part 2 (3.01 — 8.45 minutes): Describe the meaning and
the difference of data science and machine learning.

Part 3 (8.46 — 11.30 minutes): Describe the type of data
that can be used in machine learning.

Part 4 (11.31 — 15.53 minutes): Describe what is Al
company and show an example.

Part 5 (15.54 - 19.21 minutes): Describe machine learning
and show the example.

Part 6 (19.22 - 20.00 minutes): Introduction to next
chapter.

In the study, eight learners from Thai-Nichi Institute of
Technology were part of the research. However, there was a
problem with one learner's data. We could not use their
information about how much they paid attention to different
topics (shown in Table I). So, that data was not included in
our final analysis. Table II shows the times when the face
detection was successtul.

Table IT shows the calculation of the percentage of time
learners were attentive to their learning. This was determined
by dividing the seconds they were focused by the seconds the
system could detect their faces. The results represent the
percentage of time learners were engaged in learning. Based
on the findings of the experiment, it is apparent that learners
no. 2 and no. 6 showed a high level of attention.
Abnormalities in the data were observed for learner no. 7 in
parts 1 (13.04%) and 2 (3.37%), learner no. 4 in part 5

TABEL L. PERCENTAGE OF LEARNERS’ ATTENTION (%)

LEARNER |PART |PART |PART |PART |PART |PART
1 2 3 4 5

- - - - 94.7 78.9

100 100 100 100 100 100
97.90 | 95.00 | 95.60 | 97.67 | 96.60 100
94.36 | 49.86 | 40.63 | 39.24 | 19.67 | 89.90
93.75 | 78.14 | 57.26 | 49.32 | 5523 | 71.23

100 100 100 100 100 100
13.04 | 337 | 54.83 | 73.33 | 63.63 | 61.53
89.69 | 71.83 | 71.55 | 69.64 | 9.25 | 66.67
AVREAGE | 84.11 | 71.17 | 74.27 | 76.60 | 67.39 | 83.53

:x,\:o«m.hwr.).—g

TABEL IIl. PERCENTAGE OF LEARNERS FACES DETECTION (%)

LEARNER |PART |PART |PART |[PART |PART |PART
No. 1 2 3 4 5 6

0 0 0 0] 526 | 857

2 100 100 100 100 100 100

3 82.78 | 97.96 | 95.12 | 98.09 | 97.60 100

4 9833 | 30.23 | 26.83 | 8R.54 | B4.21 | 89.47

5 80.00 | 81.10 | 71.34 | 96.94 | 89.47 | 86.84

6 100 100 100 | 99.07 | 99.04 100

il 12.66 | 4447 | 1890 | 5.72 | 10.52 | 34.21

8 53.89 | 41.27 | 66.46 | 42.74 | 25.83 | 63.15
AVERAGE | 6596 | 61.88 | 59.83 | 66.39 | 63.99 | 72.78

(39.24%), and learner no. 8 in part 5 (9.25%), indicating “not
attend”. On average, learners' interest levels in different parts
were as follows: part 1 (84.11%), part 2 (71.17%), part 3
(74.27%), part 4 (76.60%). part 5 (67.39%), and part 6
(83.53%).

Table IIT shows the calculation of the percentage of time
when the system could detect learners' faces. This was
determined by dividing the scconds the system successfully
detected faces by the total seconds in that specific part. The
results represent the percentage of time the system was able
to detect learners' faces. Based on the results of the
experiment, it becomes evident that learner no.1 exhibited the
lowest rate of detection. In parts 1-4, no faces were detected.
Tn part 5, only 5.26% (11 seconds out of the total 3.27
minutes) of the time could the system capture faces. In part 6,
the system detected faces for only 8.57% (3 seconds out of
the total 38 seconds). Learner no. 7 had detection rates lower
than 20% in parts 1, 3, 4, and 5. On average, the system's face
detection rates in different parts were as follows: part 1
(65.96%), part 2 (61.88%), part 3 (59.83%), part 4 (66.39%),
part 5 (63.99%), and part 6 (72.78%).

Learners no. 2 and no.6 showed high interest in learning
(100%), as shown in Table I. Similarly, Table IT demonstrates
their faces were detected consistently during learning
sessions (99-100%). However, abnormal data was observed
for learner no. 7, whose face detection started low in the
initial parts (part 1-2) and increased in the later parts (part 4-
6). However, the percentages of face detection in Table III
did not align with this pattern. Particularly, in Part 2, the
system detected faces up to 44.47% as shown in Table 111, but
it captured faces indicating interest in learning only at 3.37%
as shown in Table IL.

Regarding emotion detection, the model can function well.
However, challenges in face detection due to the module's
limitations. This was primarily due to low lighting conditions
during the experiment and learners' hairstyles sometimes




119

obstructing their faces significantly. These issues can be
improved upon in the future.

V. CONCLUSION AND FUTURE WORKS

We developed an emotion detection model capable of
classifying emotions into seven emotions. These emotions
were further grouped into “attend” and “not attend”. Utilizing
the FER-2013 dataset, which includes emotions as a 1) angry,
2) disgust, 3) fear, 4) happy, 5) neutral, 6) sad, and 7) surprise,
we categorized them into two groups as “attend” and “not
attend”” emotions [16]-[19]. In an experiment involving eight
children watching a 20-minutes video on data science, our
program successfully detected facial expressions with an
average accuracy exceeding 60%. Specifically. it accurately
recognized focused facial expressions with an average
accuracy of over 55%. After the class, the program
automatically sends the video and its timestamp file via email
to the professor. This system empowers instructors to
cffectively assess and adjust their teaching methods according
to learner’ engagement levels.

In future developments, the system should be enhanced for
easier program access and video recording in practical usage
scenarios. Additionally, it can be further developed for
detecting academic dishonesty during exams. There is also
room to expand the system's capabilities by incorporating
additional audio recording to assess the learning environment
of the leamers. Moreover, continuous development could
enable the system to automatically summarize individual
learners' learning performance.
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