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Abstract: Objectives: In recent years, the demand for automatic emotion recognition systems has increased for use
in various fields, including efforts to modify an individual's mood to improve mental health, as well as assisting in
identifying the emotions of children with autism spectrum disorder who struggle to express their emotional states.
Deep learning networks are linked with face Detection algorithms. If a deep learning network is used alone, any
object detected in the image will be considered as a face and will be processed to determine whether it has
emotions or not. This results in high computational complexity, very high response time, and low accuracy if there
is more than one face in the same image. Methods: In this research, images were first introduced into the Fer-Net
convolutional neural network after performing some preprocessing operations. The Fer-Net was selected after
experimenting with several other CNN. Facial features were then extracted from the network, and these extracted
features were classified into four basic emotions. Additionally, several standard databases were tested individually,
such as FER-2013 and AffectNet, for training and evaluating the network. Subsequently, the previous databases
were merged with other databases like RAF-DB and CK+ to increase the number of training samples and evaluation
samples in order to avoid the issue of overfitting. Finally, we linked facial detection with the classification network
obtained from the trained model using the MTCNN algorithm to identify the faces present in the image before
analyzing the facial features and determining the emotions extracted from them. Results: First, Data Augmentation
was implemented on the data in standard database (Fer-2013), and the overfitting problem was resulted.

Keywords: Convolution Neural network, FER-NET, Affect Net, MTCNN, Emotion Recognition, Hybrid System.
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Algorithm1: Procedure of Emotion recognition system

Input: Image stream I.

Output: classes of basic emotion.

1. Divide image stream linto classes /* I=H+S+A+SP*/
2. Preprocessing data (Rescale, Blurring, resize)
3. Extract Feature using tradition Convolution Neural Network (Fer-Net)

4.Classification stage for final feature vector into the four basic classes.

5. linked between face Detection and trained model using MTCNN

el alladdl 3y misga (4) JSCadly

/ Input Image /

l Data Acquisition

PrePro
1- Image Data Generator
2- Split DataSet

10utput: (Bs, H, W)

Feature Extraction using CNN

Pretrained Network Fer-Net

Output: Feature Vector [512x1]

I Classification I

Output: Trained Model

Linked Between Face Detection
and Trained Model using MTCNN

Output: Bounding Box around face to
recognize the basic four emotion

Classes:
Happy.Sad,Angry,Surprise
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(Dropout) dads; degio Lo S 0sSS «(Dense Layer) JolS01 LLs¥| (s wlads &b cpasats QI «(Classification Layer) éiiml
lib o 843Y gl § (SoftMax) Jeaaddl als alusil @2y IS 2SGa0) (uyus LT Overfitting 4w gods) !
Bl iSy aa b JS G LalmTy ool Ul sue ao Fer-Net 38040 Adaatll 21 zussy (1) Jsuzdly oo JolSTI Ll

46x46 slashy A AL 51l seint tas 2l3p Aa S e

Fer-Net 45cd § dseiad | coladall (1)Jguszl!

Filters Filter size Activate Function Output Params
Input - - - 46x46x1 0
Conv2D 64 3x3 Relu 46x46x64 64
Batch Normalize - - - 46x46x64 256
Maxpooling - 2x2 - 23x23x64 0
Conv2D 128 3x3 Relu 21x21x128 73856
Batch Normalize - - - 21x21x128 512
Maxpooling - 2x2 - 10x10x128 0
Conv2D 256 3x3 Relu 8x8x256 295168
Batch Normalize - - - 8x8x256 1024
Maxpooling - 2x2 - 4x4x256 0
Conv2D 512 3x3 Relu 2x2x512 1180160
Batch Normalize - - - 2x2x512 2048
Maxpooling - 2x2 - 1x1x512 0
Flatten - - - 512 0
Dense1 - - Relu 256 131328
Dropout - - - 256 0
Dense2 - - Relu 128 32896
Dropout - - - 128 0
Dense3 - - SoftMax 4 516

BN dabs S 3 deseiwdl olalld) 28Ls) aay cl3s Fer-Net aSd 3 SO clalld) sue of 15 (1) Jgazd! oo
Sehli1920 cily Ayue padl Sliahldly (1716484 Lasae iy aad Loyas @ @1 ohiahldl sue Lol bl 1718404 (5w

W yo S 8 el paay coyis Bk agd5 & Dropout ilads sea Jl Ay addl Sl AL e suall 1ia puss a9
.overfitting 48w Jgsdsll pual
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sy Jrl (00 80% (J) bl anss @3 g (Fer-2013) Aussliall bl 3ueld sz, Yoi Fer-Net 3Sid cuyos o3
alalze anl I 8940 28227 Lasae 3Ly Sbld) Bucls § Houall @it @3 uas S Aeglaill HLasl 2T (0 20% 9 bl
Bluadl ) sgsall £357 2asS muagy JWI (2)dgazmlly (A lall ccuasdl (il (zpall) Caine UG dualidl sguall Lo S @iy
Al 2 )

4 BLuadl | Fer-2013 Sl ¢35 (2) Jouad!
Category ‘ ETTY Sad Angry ‘ Surprise

Num of image 10215 7830 5995 4171

(Adam Optimization uoydxll dajylgs aldsetuwls Led udd Ui 2;a5 8593 100 Ayl clygal) sue dyass @3 LS
Sl elasll Jone e il Ll cBigumall ISl (s o0 pranly cidad Al LpsliS Buaiylgsell sdia ol S Algorithm)
(0.001) ) dol il @

e Zoslaill 8,08 a3 @1y (Accuracy) 2301 Zegal Aeuddly Lol (160 5) Zuyutdl Byoald Jnwsdl o3l aly wad IS
Jiay 1 (Loss) Uazelly «(0&1) cns Lxasd z9lA5 oof ey (@l &byt By S M5 35l ) As il Hgiald mumsall Ciivadl|
S I Bl Aegd Juzmad @5 A Ayl 390l P liall sute e Lo 2amslil] 2ulaall 2oyl 2adyall dagall o Gyall
sbasl dlsge S DI 2301 Ay (Accuracy) @8l ded o Gyl ussy (5) JSadly ezl deyd cUiSy s 8y90
JS amy @ HLas¥ A ye o0f Co « (Val_Loss) jlas | A pe JS I Uazedly (Loss)Uasd! daid o yall elliSs «(val_Accuracy)

Ay d5 890
0.7 ] — trainaccuracy 2.0 —— train loss
i —— val accuracy —— val loss
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Fer-Net aSca § Uasellg 4801 2aid (5) JSid
AST 39lzeis @I (Val_accuracy) &3.1 &agd Laity 70% csioloes ud Ayl cilyoudl M5 48,01 A (1 (5) JSad! (pe Lasdls
£y Unzeld 2l 3008 3asd (29 0.7 (o AS| (andseis @ 1 cijglxs 3008 iy iy (Loss) Unell dagad 2y SIS ¢ 55% (4o
dlells sgay Eos dlayliasls daglaill cyus M5 Overfitting ASaw Hods J] mlid! sda s (Seag 5 Las! 9l oyl I
siels Jloduly Lied el 200 clbiledl 3aid e 20% Aad as @5 ad laylas | @i @l obledl sueld § wlildl oo Julall saall
A1 Bl 85540 a1l 60 (o AST olas Lol yeliall il oy (&g (AffectNet) cbiledl suslay (Fer-2013) bl
ALl A 1 3L ) AffectNet sUledl Bueld 3 obilid) g595 ausss JW (3) Jgazll
Zu..sﬂl LYl | AffectNet &lily %95 (3)J gzt
Category ‘ ETTY Sad Angry ‘ Surprise
Num of image 21091 15044 13218 10039
oyl Aadylgsg oyl Slyes sie (o Elgw (&L 2agall delgdll uding Bzl SLLdl e Aaglasll ciuyus dang
W (6) JSCad! 3 aeis sl Al ilid) e bdias @lasdl Juass
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Tz 508 Aasd (294 poloms Logd lased) 2aud iy e casdtl] U lyoo IS Tz 508 @i iy 18 Taseld 2y Lol 50% (0 ST
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PO

coys I cupls ggdl Slaed! 3olees e Bupas Awlid lily ey e aaludl Sbldl aelsd moy Liad val
bl uclsd 3 85925l Heiall Data augmentation Akes Gasdas &yms e 418 liS bl Lasedl of 4801 (3 £lgws (Aaglail
Laoled bl aelsd ue s Lyt @y @ Ayl byl 3 4l LS abiled) 51,85 sy overfitting S e < pls (ALl
Lo JS g3 @Jls (Fer-2013, AffectNet, RAF-DB, CK+) oliledl Bucld (oo IS alasiusl @3 dum Blisall (uiid (il 540 G5
Lmeal) Gbiledl 3ueld 3 2SI sonll sae il o> Laaay ao e S s Dgiall aian lady Agasll suladll Lols Heue
Al A 1 3L ) bl Bueld IS bl £555 mse W (4) Jgazdly By940 11125

dassiad | Sbledl welgd @bile £395 mungs (4) Jouzl!

Num of image in Num of image in Num of image of Num of image of
Category
Fer-2013 AffectNet RAF-DB CK+
Happy 10215 21091 7772 6393
Sad 7830 15044 4982 3563
Angry 5995 13218 2305 1298
Surprise 4171 10039 1290 753
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326B 3Ll 5,5139 « 4GB Apagary 5,51

Slewdl sae Babsd 3y cnlads M (e Yoy lads )l 1 ol clads sue 5l aSad) &y Jyusd Yol @3 Zu
s i1 Overfitting 288w (3 g935)1 aie ST (1o Dense dals IS aay Dropout olibs 3ue 48Ls| @3 wid cUS Hsiall (e Lalziudl
SISt plaialy ylie Jeld sue g9 « bl (1,718,404) oyl Zulaay aLall aay 280add JSI1 el L sue 4l adg .coasl]
pLall @5 @ BaS dayd 93 asg Lndsnie 485 culacl (@l Fer-2013 &wliall wbledl Buels e 3SGa) cuys @3 .53 Jall
bl Bucld st Ugles @5 abiledl 1,85 e ds ellig Overfitting 44w Heds ] oy Iy Data Augmentation 4oy
© Balid @liln delyd e dedl @ Ul Loyl 38 cody lhsd) 2d oS clghasdl uas Liasly AffectNet ) dosead)
ot e sue B3L5 3 e lud SULl e S sue it bl Bueld e Jsuamll Lames oo Al lialys § Ll
I @ o3lami] 5 Lo 5,la0 (03 RAF-DB,CKH aolill culileed) Buiel5 cpo S o 2alaed) il ielgd o o3 JUillog «popeditll liges
« ResNet-18 a5d alusiwl iusiel Iy (Hunag&Chiang&Chen,2023) Oyt Ll L ald 319 (1) 03, 2eaz Ll Aol e e
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2o Lsyling Ly 3 o3lmsl o3 Lo s (5) Jooinlls RAF-DB Ll 5ucls of AffectNet wlildl 3ucls 3 sl 3392l Ll
el 1Sl el § gilual

(1) 08 Aeaz b alyull ge AL Al oy A5n (5) Jan)

oyl day 7 AdLl alladll
e (1) 3 2eaz b Al § pllsall
] DA CA b P W ‘z|..\.ér.2..wl.3 -
Parameters 1,718,404 11,27 Million
Dataset Collect Data from four Dataset Data augmentation to increase data
156,000 (AffectNet)after Data augmentation
Number of Data 125,000
200,000 (RAF-DB) after Data augmentation
79.08% (AffectNet)
Training Accuracy 95%
76.51%(RAF-DB)
56.54% (AffectNet)
Validate Accuracy 75%

65.67%(RAF-DB)

agatdl 483 85L5 @ delug @ cabiled! sae 3aL3) Data Augmentation &ulee ol of Lo (5)dsaztl o
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o el 0wy S s (a9 BauS Anlu 2al5 Jldly Aabl Ggee 11,27 ) dhay g bl sue 8ok J) IS (5554m
I S bl sie il s o dadd o clagds 4 (g Al allaidl § Aeaseradl ASad] Loy . cagiiarll 385 5aL5 e 35
bl e 33U o) e sl Tawd € 1 coys (e Aead) Al 24K § (aases Ml « el 1,718,404 (ol
Sl delsd mos JUS (10 sguall sue 8Ly Jie sy @l ] (593 of Data Augmentation alaseiwly Basia s9ue ddes JUS 0
AL A 1 3L i ) (ol g (resats (S dalial)

3 B352ol) 92l sy JaT (pa MTCNN &uaiyles J) ZARL allaidl (3 Ayull Al oyl il 2ddlie @i IS
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Lealsziw! Gguag MTCONN deayl g alddeiul (s 45lie (8) S

Trained Model with MTCNN Trained Model

...............

Bygwadl 3 052 sdl dyuns 3 BaS 385 cdacl uad MTONN &uadylss e dpall 268l Loy Jl> § sl Lasdls (8)USAd) oy
5391 dagll Aellae Jaady Jaid (3 81 dargdl s Ll Lauaod Ayl 3S0ad) alusid Jl 3 Laiy Jus (e 429 S D> yuzi
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Byseall §oszsll apezd yeladl LA 3 281 e Jgunx]!
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dWl(2) Jgazdt
aglail e Jalge (6) sl
Happy Sad Angry Surprise
Happy Tp=200 Fn=10 Fn=20 Fn=5
Sad Fp=15 180 10 10
Angry Fp=25 5 190 10
Surprise Fp=10 20 10 220

J Sl e 2 (Happy) el o bl @)l Jalse @ud oof Lol (2)Jgaz!l ¢y
True Positive(TP)=200
False Positive(FP)=15+25+10=50
False Negative(FN)=10+20+5=35
True Negative(TN)= 1000 — (200 + 50+35)=715
(Sad , Angry, Surprise) (¢,33) =¥ lell @uuaall Jolge @ dzgs dasyall udisg
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Accuracy= (Tp+TN) / (Tp+TN+Fp+FN)
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e
Accuracy (Sad)=88.5%
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Accuracy (Angry)=86.5%
Accuracy (Surprise)=84.5%
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