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[Abstract]

In this study, we investigate how to recognize children's emotions from their face images. Children's
face image datasets are fewer in number than adult face image datasets and are often not publicly
available on the Internet due to child research ethics. In this study, we propose a new data augmentation
technique to improve the emotion recognition accuracy of the convolutional neural network (CNN) model
in a situation where the number of samples in the child face image dataset is limited. To demonstrate the
effectiveness of the proposed data augmentation technique, we conducted experiments using the child face
image dataset of the National Institute of Mental Health, which is publicly available on the Internet. The
experimental results showed that the CNN model achieved the best performance in the emotion

recognition task when the proposed data augmentation technique was applied.

» Key words: Child Abuse, Convolutional Neural Network, Data Augmentation, Deep Learning,
Face Detection, Facial Emotion Recognition
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I. Introduction
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II. Related Work
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III. Proposed Method

Child Emotional Faces
Image Set
.
‘ Face Detection ‘
N
‘ Normalization ‘

i
‘ Dataset Splitting ‘

Test Dataset

— Original Training Dataset

| Data Augmentation |
v

Augmented Dataset

4
—.{ Dataset Merging ‘
}

New Training Dataset
'
Optimal Model <—‘ Hyperparameter Tuning ‘
v
Predicted Label

Fig. 1. Overall Process of the Facial Emotion Recognition
Using the Proposed Data Augmentation Method.
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Fig. 3. Process of the Proposed DA2.
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IV. Experimental Results

1. Dataset and Evaluation Protocol
2 ARoME Alokste 7189 4452 7}
571 YaliA, o= 2 AHAHA7Z A 1rA(National

Ouwv v o

Institute of Mental Health, NIMH)2] NIMH-ChEFS o

WA

ol§] NE[18]S o]-&3Hct.

Table 1. Summary of the NIMH-ChEFS Dataset

Item Explanation
No. of Subjects 59
Age 10-17 (Mean: 13.6)
5: Afraid(AF), Anger(AN),
No. of Classes Happiness(HA), Neutral(NE),
Sadness(SA)
AF: 107 (52 + 55)
No. of Images AN: 104 (52 + 52)
(Direct and HA: 108 (52 + 56)
Averted Gaze) NE: 111 (59 + 52)
SA: 104 (51 + 53)
Resolution 1960%3008
Color/Grayscale Color

B 1o|xje} o] 59 9] ofFo] NIMH-ChEFS Hjo[g
NEE F&ch= aPdol M Atz Fofgion, o obs
9] Uol= 10415 E 17A7HR| 2 BH Yol 13.68t
aggo] 7= &9 o] obs2 oAl 7HX9] A=

nell Fehe QA2 ok, ER oksof AlAo]
AH-E gt mi(Direct Gaze)et EHE Fd Tj(Averted

aze)Z Lo, d= o]ujX|E 1960%x30089] 7|2 7]
Z230cH19-28].

NIMH-ChEFS Hlo]&| AEZ} Afl5-6taL
45 PEz Aes dew
(Afraid, AF) ZejA+= 1077HAH: 52AE

HAnger, AN) ZefjiA= 104K H: 52
312 (Happiness, HA) Z2¢jA= 108”(7“,_ Y2
564}, &%(Neutral, NE) 2efjA= 1113HAH: 597,
W: 524, &E(Sadness, SA) ZAE 104K H:
A, BH: 537)oltt. whetA, HlolE NIE Y oJu]X]=
5377 2667, FH: 2687)0l0, & AtolM =
A0 o]'J_']:]'OHiO] CNN zdlo] O}EQ 71—7(12 0]7\18]- 2 9l
L5, 534719 o|ulx] ARE Aol Z83UTH29-45].

Axe] o] dgto g, Zei(Color) oJu]x|E o]
2 Y(Grayscale) oJujx|= WA 1tk-2 OpenCV
gfoj82fe|(Library)?]  7iAAlolE  #F7](Cascade
Classifier)S &83)|A, Y& ojujx|oA] 42 JdS A
23}, ojnf, Aol BRI S vtEels
P2 AR, 1 F7]= 92 olujAjuith A= o
=t} mah, 530500 P ojojx| 2y A= o
o2 B 64x64] 372 AT I0kS 2 Tlo] 0
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Dataset)2 &3t} dlole 5§77 71¥He sk dlold Al
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E 22~ 887 SA Zea 81749 oJu]x|7t 2FE|of
o], ZeA Atol9] o] ATk
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7 Zejaoict ofnjx]|e] 271 16070 & =% HlolH
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z3M02, foly 57 7]¥o] A8= a5 ojE] AE
o= & 8007 (U 4217, A3: 379%)9] o|ulx|7} 23t
sich 79 62 Ashs dlole 57 71H(DAL DA2,
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Fig. 6. Examples of Images Generated by the Proposed
Four Data Augmentation Methods.
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2. Baseline Model

Aloksle Hlole 27 7o) &84S o
A 39 73 22 FEE e ON 292 vel2iy
(Baseline) 2@ = &

| Image: 64 (Height) x 68 (Width) x 1 (Channel) |

Convolution with 5 x 5 Kernel (Valid Padding): 60 x 60 x 32
RelU
Convolution with 3 X 3 Kernel (Same Padding): 60 X 60 x 32
ReLU
Batch Normalization: 60 x 60 X 32

Pool with 2 x 2 Max Kernel + 2 Stride: 30 x 30 x 32

Convolution with 3 X 3 Kernel (Same Padding): 30 X 30 x 64
ReLU
Batch Normalization: 30 X 30 X 64

Pool with 2 X 2 Max Kernel 4 2 Stride: 15 X 15 X 64
Flatten
Dense: 5 Fully-Connected Neurons

Softmax
Output: | of 5 Classes

Fig. 7. Architecture of CNN Model Used in This Study.
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3. Results
Aetst= Hlole 574 71Hel 52 F7el7] HsliA,

etz (Accuracy, ACC), th=3.2 THHMacro-Average)
Positive Predictive Value(PPV), TjZ=2 I+ True
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1)&

Positive Rate(TPR), F,-Score(F1)& H7} A|B2 AR
UL ) 8 Kﬂ?ﬁ}% 71H9 884de A5l HshiA,
71E dlolg] 54 7182 X0 (Benchmarking)3ict.

@ tllol8] 574 u]A-&(Without Any DA): Hjo]g| 57
A EERRITE T I EC R TR T LR
HsllA, ojwfer tlole 573 7= A-EsHA] %2 =
CNN B2 sk 9 w7k Agolrt

@ =+ ¥P¥(Horizontal Flipping, ©]3} Flippingo|2t
&): sk dlojE AE Wi o]ulx|zof tishA &k v
OJUIA|E AL, Adst oJufRlE= S5 HIolE AIE

o7
S
Val

o

o Z3AZ) eI CNN 222 3k % Bkt Aol
ot 2 AojAE= PIL(Python Imaging Library)Q]

Image ©-5(Module) Y Transpose.FLIP_LEFT_RIGHT
tlAE(Method)E AFESH £+ BHA oJ0] A5 AY/d3iTt.

® ] (Rotation): sks5 Hlo]& NIE Y oJu]x]Zof f
S SJENIL olulx| S ABSLL, AV olulAISS 8
5 Hlole AEo| Z|Z] AJEjZ CNN 253 s ¥
715t Alglolck. 2 A 70|X PILO| Image 25 Yol
9l Rotate BACE ol g3} s/AE olnjx|2 YA
ojeff, oju]xJutt} S)HAIA Ztes= [-5, 5] 9 Ul 40
oAl Rarel2 HAE oz 2R

@ 712~ 7Fe(Gaussian Noise, 0|5} Gaussiano|2}t
2): 8 dlolel AlE ) olulAlS o] cield 7He AR
o] Zate] o]ujk| 2 A5, ABAISH o|u]X] &S &H5 O
o] NEO] A Bz CNN 222 shs o 37t
gh Agolt}. & AtoflA= dufo](Numpy) 2to]H2i2]
U Random 259 9= normal 35S 0]835], TH0|
0olx BZFHAP} 1509 A ERE 2t d4Hs XA
k. 32131 of2A AR U4E ololald] S AALe
£ 27kt ®8, o] 2lolue] | clip #42
o]-gsfl Al A4t o]$o] HAZio] 0FE 255 Afo]o] t
o2 A= .

® ZEZAE ZA(Contrast Adjustment, ©o]s}
Contraste} g): st Hlo]8 AE Y ou]x]Zof tisiA
PEFAES 23 ofo|x|S ek, AT ololxlS
= o5 loJE MEo] ZAIZ] ez CNN 253 st
& % WRN Aot B ajolN: PL U
ImageEnhance 2-59] Contrast 2ejAES 0] 83} o|0]
Aolct BESRAES ARYCE Eah 2oA U vjg o
AHfactor)ofl 2.0& Aol FEAAES A & 7K
AT 4 Es Yok

Table 2. Performance Comparison Between the
Conventional and Proposed Data Augmentation
Methods (The Best Records are Highlighted in Bold)

Macro-Average
Method ACC
PPV TPR F1

Without Any DA 0.09 0.23 0.13 0.24
Flipping 0.15 0.33 0.21 0.34
Rotation 0.71 0.70 0.70 0.70
Gaussian 0.70 0.71 0.71 0.71
Contrast 0.75 0.75 0.75 0.75
Proposed DA1 0.78 0.76 0.77 0.76
Proposed DA2 0.75 0.74 0.74 0.74
Proposed DA3 0.81 0.81 0.81 0.81
Proposed DA4 0.75 0.73 0.74 0.74
& 2% 71 ole] 57 71Yat Aekshe u] 7H] dlo]
Bl 574 7IH(DAIRE DAWIA))S A&t sk HolH
HEZ, CNNO| wele st A& doje] AEA

o] 452 FIst AutE HojEth A Ayl 2
A, A gloly 574 711 S04 AQtsh= DA3o] 0.81
o]l et g 7MY 4%t 452 BT A0S 0= AQF
shk= DAlo] 0.76, A|Qtsh= DA29} DA47} ¥zt 0.749]
dee 2 9%t 452 23T 71E oy 54 71

O

ZoAs ZEIAE £Ao], 0.759] Aara 7Pt 9
gt /deS BTt A, &9 §HHo] 0.349] Agete 2 7}
2 s Bt Hoje] 4 0]A4 Al CNN 29
o] BEes 0.24% 00, A¢tsh= DA3E A&stH oF
0.57(0.81-0.24)0] A= 7§A guprt 9l2S sholat 2 9]
it

B 32 AQtel= dlolg 4 71Hat 71E dloly 574
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Table 3. Performance Comparison Between the
Different Combinations of Data Augmentation
Methods (The Best Records are Highlighted in Bold)

Combination Macro-Average ACC
Prop. Conv. PPV TPR F1

Flipping 0.76 0.74 0.75 0.75

DAT Rotation 0.70 0.57 0.63 0.57

Gaussian 0.77 0.75 0.76 0.76

Contrast 0.79 0.77 0.78 0.77

Flipping 0.68 0.62 0.65 0.61

DA? Rotation 0.80 0.79 0.79 0.79

Gaussian 0.74 0.74 0.74 0.74

Contrast 0.71 0.70 0.71 0.70

Flipping 0.81 0.78 0.80 0.78

DA3 Rotation 0.79 0.78 0.78 0.78

Gaussian 0.79 0.78 0.79 0.78

Contrast 0.80 0.79 0.80 0.79

Flipping 0.68 0.70 0.69 0.70

DA4 Rotation 0.80 0.78 0.79 0.78

Gaussian 0.77 0.77 0.77 0.77

Contrast 0.75 0.73 0.74 0.74
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Fig. 8. Confusion Matrices of CNN Model According to
the Data Augmentation Method.

V. Limitations and Future Challenges

& o] Aol 2835 NIMH-ChEFS Hlo|g] A&
£ ols9 ¥ Iz olu]x|gk Algstal o], AF oA
oAl CNN 282 ofzo] A Uz oJu|x|gtos a<;
2 Frioh AA gde 13k, obse] g oJu]A]
+ OIe oA Zgd 2 Qloh TetA, &8 A
Ae WA mFATZ Aolsh ob59] 3RHY FZ-g 2HH s}
JAL skt 2okg m&|(Pitch), &(Yaw), E(Roll) F= 2]
&0z, AYEH wHZ SAAA 7HH ookt ZeofA
Az 2FZ ZGdl, obs &2 oJulA] HlojE NES +
SotAt shH46]. 123 53 ClojE NES 284
Aletst= dlolE 54 71Hg WAAA YAt sttt &
gh dz 29 =gt oplet 29 Wslh I 71
(Occlusion) 5ol SJsiA = A|Qtste 7] A5 Ast 7t

0] 9lg 4 Y U2, % ATOIAE AR ARt

=



Facial Emotion Recognition in Children Using Convolutional Neural Network with Data Augmentation 29

obgalt) oig morsbr] SaiAl Agtehe Zlue A
A P BEE AL, WA BA] MR 4 c). S
A, o5 U ojulxlZ AgstER, RERHlE Sol
#EM 5eiE dolel im. OH5 Y BelL 3

ol=2 v }o}oF o]—l:)f Eo]’ %J
= o]o]x|e}t 714 A]—EH%
5. 24, 5. $951E ol o5 59l peie
7\]7} KJ_Q_Q /\ 01]:,} }EJ 04% o]l:l])(]_@{ 71—7(1 A EH
/\xlo}g }\]/\Eﬂo] OFQ.QHL,} % x%i }\}Q.E:J 74
2 9loug 7]&o] QAL UrE
ofisiof & Zolck,

Hs}: 7—]2 7 K}K]E 1:1]7D1—o]- /\}o]-o]

(Y Ly

bS]
S

g
ot 9 55 A2
o

Xl

=

o u

0}50 71—7(15?__

o rulm
u:E
M

Hol o
=

s

i)

a o il
U EARESE ozt wRlA EAE AR 4
At okl A% GEE AL oS 2R AlAE
A Eroks 22 okgel ZefolHAl(Privacy)S
Aol o 2100 = obgo] A7g AJEe e e vt

IR————.

5

CA] AlgJE 2 9l 7|t Fadste] xj2jsfof & o]
q H:—?_].—‘ O}%O]—Eﬂ O:] %‘ .I.L]f_| St 7:]47} 4}\] o }\}71]
749, o2 ojEl W0 chEx|o] gt g2lAQl 7]T_

Aglof gk 22 2RS UiAu Zutel dish 2
2 79, 1Y 2HS olwA R gt Fakat
2A)27k Basic ol Sol, obgaltlel ojilo] 9
49, RIS Sol, of5 s, ARIRAIA S)e

oy
Hdol 2od & Qo

=] rlf

].
M

I rr

VI. Conclusions
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