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TOM TAT

Nhdén dang khudn mt 1a mér &7 thugt cdng nghé sinh trdc hoc anh xa cde ddc diém khudn mat
nguwoi. Tdp diz liéu anh Facial Expression Recognition 2013 (FER-2013) gom c6 bay logi biéu cam
khéc nhau cua khudn mdt nguoi, diroc tac gia dung lam bg diz liéu hudn luyén trong nghién cizu ny.
Hién tai, tam quan trong cia bao mdt hé thang 1a hét sizc cap thiét, vi vdy trién khai #ng dung xéc
thurc nhdn dang khudn mét nguoi dé dang nhdp vao hé thong, xac thue trén dién thogi thong minh,
chdam céng, deo khdu trang. Chiing t6i dé xudt md hinh hoc may, hoc sau véi nhiéu phicong phdp
hudn luyén khac nhau két hop véi tdp dir liéu FER-2013, duwot mé réng cdc dinh dang dnh kich thwéc
(32x32, 48x48, 64x64, 72x72) nham md réng Muc tiéu hiréng nghién cizu va tién hanh thuc nghiém
Vi cac mé hinh LDA, NB, KNN, DT, SVM. Sau dé, danh gida sy hiéu qud cua teeng mé hinh cac tiéu
chi Accuracy, Precision va F1-Score. Két qua thuc nghiém ciia chiing t6i da dong gop dwoc ba van
dé chinh: mét 14, mo réng dinh dang bé dataset voi kich thuéc da dang hon dé 1am nén tang cho két
qud nghién cizu; hai 1a md phong cac mo hinh thudt toan khac nhau trong qué trinh hudn luyén nham
ddnh gid va so sanh vé cac tiéu chi ¢ trén; ba la dé xuat md hinh hoc sdu CNN duwoc danh gid
hi¢u qua.

Tir khéa: thi giac may tinh; Hoc sau; nhan dién khuén mit; FER-2013; mang no ron

1.  Gioithiéu

Nhan dang khudn mit nguoi 13 hinh thac phat hién ding céc thiét bi may méc lién
quan dén viéc thu thap thdng tin dit liéu anh, sau d6 xir Ii anh duoc thong qua cac md hinh
hoc may, hoc sau so sanh véi chiét xuat dic trung tir bo dit liéu anh da huin luyén, tir d6 sé
dua ra két qua nhan dang va phat hién déi tueong anh.

Woodrow W. Bledsoe, Helen Chan va Charles Bisson (Bledsoe, 1964; Bledsoe, 1966)
ddng tac gia nghién ciru nhan dang khudn mat ngudi tir nim 1964 dén 1966, da nghién ciru
lap trinh may tinh nhan dang khudn mat ngudi voi bo co so dir lidu 16n, van dé dit ra la 1am
sao dé so sanh su trung khép gitta mot anh va bo dir liéu 16n. Tuy nhién, mot ang dung nhan

Cite this article as: Dam Minh Linh, & Nguyen Hoang Thanh (2023). An approach to human face recognition
by machine learning training. Ho Chi Minh City University of Education Journal of Science, 20(1), 165-179.
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dang khuén mat dﬁy du chirc nang da dugc Kanade thuc hién vao nam 1977. Céac nghién ciru
vé nhan dang khudn mat hai chiéu (2D) di dugc nghién ctu chuyén sau. Céc nghién ciu vé
khuén mit ba chiéu (3D) bat ddu dugc thuc hién sau nhitng nim 2000.

Nhiéu md hinh hoc sau Convolutional Neural Network (CNN) (Chauhan, Kumar, &
Joshi, 2018; Bhairnallykar, Prajapati, Rajbhar, & Mujawar, 2020) da duogc thuc nghiém ¢
nhiéu bo dir liéu khac nhau nhu MNIST, CIFAR-10, cho két qua chinh xac. MNIST 1a tap
dir liéu gdm 70.000 hinh anh, trong d6 60.000 hinh anh danh cho viéc huan luyén va 10.000
danh cho thir nghiém. Kich thuéc ciia mdi hinh anh la 28x28 pixel va ¢ 10 nhan phan 16p
tur 0-9.

Bai viét nay gdm cd 4 phan, cac phan con lai dugc trinh bay nhu sau: Phan 2, trinh bay
vé ddi tuong va phuong phap nghién ctiru: M ta tap dir liéu chuan; phuong phap danh gia;
dé xuit md hinh hoc sdu CNN. Tiép theo, phan 3 la két qua va thao luan cua nghién ciu.
Cudbi cung 1a phan 4 két luan cho nghién ctu nay.

2. Doi twong va phwong phap nghién ciru
2.1. Doi twong nghién ciru
2.1.1. Mo ta tap dir liéu chuan

bé danh gia dugc nhan dang khudén mat véi d6 chinh xac cao, can c6 bo dit liéu chuin
va duoc nhiéu cong trinh nghién ctru st dung. Chat luong bo dir ligu rat quan trong s€ lam anh
huong két qua cho qué trinh thyc nghiém va danh gia cac phuong phap nhan dang khudén mat.

B9 dir li¢u nhan dang biéu cam khudn mat nim 2013 (SAMBARE , 2020): FER-2013
1a tap dir liéu duoc gidi thiéu tai hoi nghi qudc té& vé hoc may (ICML) vao nam 2013 do tac
gia I. J. Goodfellow va D. Erhan va cac tac gia dong nghién ctru khac gidi thiéu (Goodellow,
et al., 2015). Trong tap dit liéu nay, mdi khudn mat da dugc phan loai dya trén 7 loai cam
xtc (Vui mung, tirc gian, that vong, so hai, ghé tom, ngac nhién, binh thuong) khac nhau,
moi hinh anh c6 kich thudc 48x48 pixel, cic cam xtic duge mo ta trong Hinh 1.

ngac binh
nhién thuong

Vui mimg | tlc gian | thét vong s¢ hai ghé tom
= . I#- -
E W Ef v ad
i i £ -4

Hinh 1. Da ligu anh mé ta 7 logi cam xGc ldy tir bé diz lieu FER-2013
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Tap dir lieu FER-2013 gdm c6 35.887 anh, trong d6: Tap dir liéu dung dé train 1a
28.709 anh va dung cho viéc test 1a 7178 anh, cho 7 loai biéu cam khac nhau cua khudn mat
ngudi, mo ta & Bang 1.

Bidng 1. B¢ dir liéu Facial Expression Recognition 2013 (FER-2013)

Hinh thai/ biéu cam Tap dir liéu gom c6 2 phan

khu6n mat Test Train
Angry - tirc gian 958 3995
Disgust - ghé toém 111 436
Fear — ndi so 1024 4097
Happy - vui mung 1774 7215
Neutral - binh thuong 1233 4965
Sad - thit vong 1247 4830
Surprise - ngac nhién 831 3171
Téng sb 7178 28709

2.1.2. Phuwong phap danh gia
Trong nghién ctru nay, dé danh gia hiéu suat cac md hinh thuc nghiém thi can ding
cdng thtre nhu 1a d6 chinh xéac (Accuracy), Precision va Fl-score. O Bang 2, st dung ma
tran nham 1an c6 c4c thudc tinh duong tinh that (TP), am tinh that (TN), duong tinh gia (FP)
va am tinh gia (FN) (Huynh & Nguyen, 2021).
Bdng 2. Ma tran nham lan

Dw doan — nhan dang ding Du doan - Binh thudng
Thuc té TP FN
Binh thwong FP TN

Do chinh xac (Accuracy) — 1a mic d6 gan cua cac phép do vai mot gia tri cu thé, so
lwong dit liéu dugc phan loai chinh xéc trén téng sb du doan. Bo chinh xéac c6 thé khong
phai 1a thude do tot néu tap dit lieu khong duoc can bang (ca hai 16p am va dwong c6 sd
luong dir liéu khac nhau). Cong thirc tinh d6 chinh xac dugc dinh nghia trong cong thic (1).

TP+TN

= 1
ACCUIACY= s s 1)

Ti I€ canh béo gia (False Alarm Rate - FAR) — con dugc goi la False Positive Rate (ti
I¢ duong tinh gia). Thudc do nay dugc tinh theo cong thirc (2). Ti I€ 1i tuong cho thudce do
nay cang thap cang tét, tic 1a s6 phan loai nham mot phan loai binh thuong sang du doan
nhan dang dtng (FP) cang thap cang tbt.
FP
FP+TN (2)
Do chinh xac phép do (Precision) — 1a mtc d6 gan cua cac phép do, co gia tri gan véi
1 khi két qua 1a mot tap phan loai tét. Precision 1a 1 chi khi tr s6 va mau sé bang nhau (TP
= TP + FP), diéu nay ciing c6 nghia 1a FP bang 0. Khi FP tang gia tri dan dén mau s 16n
hon tir s6 va gia tri chinh xac giam. Cong thic tinh Precision dwgc dinh nghia trong

FAR=
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cong thte (3).
Ll (3)
TP+FP .

Ti 1€ phat hién (Detection Rate — DR hay Recall) — Gia tri DR cang gan véi 1 sé cho
mot phan loai tét. DR 14 1 chi khi tir s6 va mau s bang nhau (TP = TP + FN), diéu nay ciing
c6 nghia 1a FN bang 0. Khi FN tang gia tri ddn dén mau s6 1on hon tir s va gia tri DR giam.
Chi s6 nay nham danh gia mtrc d6 tong quat héa mé hinh tim duoc va dugc xac dinh theo
cong thuc (4).

Precision=

. — 4
Detection Rate STEN (4)

Néu 2 tiéu chi Precision va DR déu tdt, nghia 1a mét trong hai gia tri FP va FN phai
gan bang 0 cang tét. Can c6 mot tham sb do c6 tinh dén ca Precision va DR, d6 chinh 1a F1-
Score, cong thuc (5).

F1-Score duoc goi 1a mot trung binh diéu hoa cua céc tiéu chi Precision va DR. N6 ¢6
xu huéng lay gia tri gan véi gia tri ndo nho hon gitra 2 gia tri Precision va DR va dong thoi
né cd gié tri 1on néu ca 2 gid tri Precision va DR déu 16n. So véi do chinh xac (Accuracy),
F1-Score phu hop hon dé danh gia hiéu suat nhan dang cua cac mau dit liéu khong can bang.

2(PrecisionxDR)

Precision+DR
2TP ()

2.2.  Phwong phap nghién ciru

Trong phan nay, trinh bay lién quan dén ba van dé dong gop cua tac gia dugc néu trong
phan tém tac: chuyén doi bo dir liéu gbc FER-2013; md phong céc thuat toan duoc hd tro
thu vién chinh 13 sklearn, sau d6 so sanh két qua; d& xuat mé hinh hoc sau CNN duoc danh
gia hiéu qua, cai thién hon di vai cac nghién ctu lién quan khac.
2.2.1. Chuyén doi dir liéu géc FER-2013

T b dit liéu chuan FER-2013, c6 35.887 anh véi kich thuéc chuan 48x48 pixel. Sau
d6, thuc hién chuyén d6i thanh kich thudc khac nhau 32x32, 64x64, 72x72 pixel mé ta qua
trong hinh 2 va so dd bén dudi, st dung thu vién cv2, OS duoc két hop chiét xut dic trung

F1-Score=

dang anh nhi phan luu vao ma tran 3 chiéu, sau do gan nhan cho tung loai theo 7 loai biéu
cam khac nhau cia khudén mat, cudi cung su dung ham xu i trong thu vién cv2 dé tang hoac
giam anh theo kich thudc dé xut.

So dé tong qudt cho viéc mé réng cdc dinh dang anh khéc nhau

Dataset FER-2013, o oea s
Dit liéu vao

35.887 anh, Trich xuét dic Panh diu nhan
kich thuéc chudn ’ trung anh | anhtheo 7 biéu cam,
48x48 pixel dang nhj phan” D#ligura | i p6c anh khac nhau
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Chiét xuit dic trung bo dir liéu anh FER-2013 véi cac kich thudc (pixel) khac nhau
(32x32, 64x64, 72x72) tir bo dit liéu gbc.

test_imgs = []
test imgs 1bp = []
test lables = []
for i in range(len(emotion_ list)) :
emotion path = os.path.join(test path, emotion list[i])
for img name in os.listdir(emotion path):
img = plt.imread(os.path.join(emotion path, img name))
img_lbp = skimage.feature.local binary_ pattern(img, 2, 1.0, method='var')
if np.isnan(img_lbp).sum() == O:
#imgl = cv2.imread(str(img))
resized_img = cv2.resize(img, (img_size,img _size))
test_imgs.append(resized_img)
test_imgs_lbp.append(img_lbp)
test_lables.append(i)

Hinh 2. M hinh héa cho chiét xudr déic triung bé dir liéu anh FER-2013
VOi cdc kich thuoc khac nhau
2.2.2.M0 hinh Linear Discriminant Analysis (LDA)

Linear Discriminant Analysis la mét phuong phap ki thuat ung dung dang bai
toan giam kich thudc tién xir I dir liu cho cac ung dung may hoc va phan loai
(Tharwat et al., 2017).

Thuat toan LDA

Buéc 1. Doc anh dé huan luyén X{x1, Xz, ..., Xn}, trong d6 x;(r x g): i 1a anh th i duoc
huan luyén, r va g 1a kich thudc caa anh lan luot twong tng cho chiéu cao, chiéu rong, N 1a
téng sé anh duoc sir dung dé huan luyén.

Buéc 2. Chuyén doi tic ca anh dang vecto K {ki ko, ... km}, trong d0 K 1a M x 1,
M=rxg

Budéc 3. Tinh gid tri trung binh caa mdi 16p i, tong gia tri trung binh cia tat ca dir liéu
M, between-class variance Sg (M x M) va within-class variance Sw (M x M) cua X.

Buoc 4. Tim Kk vecto riéng cua Sg >0, U {ug, Uz, ..., Uk}

Buéc 5. Tim gia tri ciia UT SwU, loai bo vecto c6 gid tri cao (sap xép), vecto dugc chon
ki hiéula V.

Buoc 6. Ma tran(W) LDA xac dinh Sg trong khoang [>0...17] va Sw= ¢, ¥ = UV.

Buoc 7. D lidu géc LDAIaY =XY¥Y =XUV.

2.3. MO0 hinh Naive Bayes (NB)

Naive Bayes 12 mot thuat toan phan loai dit liéu. Thuét toan phan loai hién thi ving tét
nhét duéi gia tri duong cong (AUC). Két qua cac nghién ctu thuat toan c6 do chinh xac hon
so v6i thuat toan Lazy-1BK, Zero-R va cay quyét dinh-J48 (Wibawa et al., 2019).

Uu diém cua thuat toan Naive Bayes (Rajeswari, Juliet, & Aradhana, 2017): Dit liéu
dao tao nho, tinh toan don gian, d& dé thuc hién, hiéu qua vé thoi gian.
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binh Ii Bayes
P(X|Q).P(Q) (6)
P(QIX)= ——=—*
(QIX) 00
Trong d6: X 1a dit liéu 16p khong xéac dinh, Q 1a dit lidu 16p cu thé, P(Q|X) 1a x4c suat
Q dé cap téi X, P(Q) la x4c suat cua gia thuyét Q, P(X|Q) 1a xac suat X dé cap toi Q, P(X) la
X4C SUt X.

@[] P )

Phuong trinh trén 1a mdt m6 hinh tir Naive Bayes s€ duoc st dung trong qua trinh phéan
loai. Dé phan loai vai dit liéu sb co thé duoc xur |f bang cach sir dung ham mat d6 xéac sut
tiéu chuan.

Cong thuc tor mat do Gauss:

1 -(xzj-i“')z
P(Xi: xi|Q— qj)— \/?Gije i (8)

Trong d6: P la Co hdi, X; 1a thudc tinh i, x; 1& gi& tri thudc tinh i, Q 1a 16p lién quan,

q; la1ép con cia Q, p la gia tri trung binh cua tat ca cac thudc tinh, o la do 1éch chuén va
phuong sai ctia tit ca cac thudc tinh.
2.4. MO0 hinh k-Nearest-Neighbours (KNN)

k-Nearest-Neighbours la thuat toan hoc cé giam sat, ap dung cho bai toan phan loai dir
lieu va hoi quy (Guo, Wang, Bell, Bi, & Greer, 2004) (Rajeswari, Juliet, & Aradhana, 2017).

Sim(d;), Num(d;)=9

Hinh 3. Phan logi dir liéu trong k-Nearest-Neighbours

Thuat toan phan loai dugc mo ta: Goi M 1a mo6 hinh dai dién. Trong d6 <Cls (d;), Sim
(di), Num (di), Rep (d)> lan luot dai dién cho nhan Iép cua di, d6 twong dong thap nhat voi
di trong s6 cac bo dit liéu dugc Ni bao phu; néu cé nhiéu hon mét ving 1an can c6 cing sb
lwong lang giéng téi da, s& chon mot vai gié tri tdi thiéu caa Sim (d).
2.5. M0 hinh Decision Tree (DT)

Decision trees thuong dugc st dung nhiéu linh vuc khac nhau, chang han nhu xu li
hinh anh va x4c dinh c4c mau (Taha & Mohsin, 2021). Cac nut va cac nhanh duoc cau tao
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tir moi cay. Méi nut dai dién cho cac tinh ning trong mot danh muc duoc phén loai va moi
tap hop con xac dinh mot gia tri c6 thé dwoc nhan bai nat. Céc loai thuat toan cay quyét dinh
nhu 1a: Iterative Dichotomies, Classification and Regression Tree (CART), CHi-squared
Automatic Interaction Detector (CHAID), Multivariate Adaptive Regression Splines
(MARS), Conditional Inference Trees (CTREE).
2.6. M6 hinh Support Vector Machine (SVM)

Support Vector Machine la mot thuat toan hoc giam sat, ng dung cho bai toan thuoc
phan loai di liéu, dé quy (Srivastava & Bhambhu, 2010). Phat biéu bai toan: Ap dung bai
toan phan loai dir liéu nhu Hinh 4, tim giai phap ti wu phai dva vao tiéu chuan nao? Cap dir
ligu cua training set 1a (x1,y1),(X2,Y2),...,(Xn,Yn) V&i vector Xi € RY thé hign ddu vao ciia mot
diém dit liéu va yi 1a nhan cua diém dix liéu do.

Hinh 4. Sir phan logi dir liéu trong Support Vector Machine
Phuong trinh phén chia gitra hai classes Hinh 4

WTX+b= WX, +W,Xo+h=0 ©)
Bai toan t6i wu trong SVM la tim w va b sao cho margin nay dat gié tri 16n nhat
arg max (miny, (W' x+b) (10)
’ w,b { n [Iwll, }
Cac mo hinh huan luyén va cac tiéu chi danh gia.

models.append(("DT",DecisionTreeClassifier()))
models.append(("SVvM",SVC()))

(w,b)=

def f1_score(y_true, y pred):
true_positives = K.sum(K.round(K.clip(y _true * y pred, @, 1)))
possible positives = K.sum(K.round(K.clip(y_true, @, 1)))
predicted positives = K.sum(K.round(K.clip(y pred, 0, 1)))
precision = true positives / (predicted positives + K.epsilon())
recall = true positives / (possible positives + K.epsilon())
f1 val = 2*(precision*recall)/(precision+recall+K.epsilon())
return f1 val

Hinh 5. M6 hinh héa cho cdc phwong phédp hudn luyén dit liéu va danh gid cdc tiéu chi
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2.7. Dé xudt md hinh mang no ron

M6 hinh mang hoc sau sir dung dau vao hinh anh va bién ddi théng qua bo loc, dé trich
XUt cac dic trung. Phuong phap huin luyén khac két hop véi tap dit liéu FER-2013 véi kich
thudc anh chuin 48x48 pixel, dugc mo rong cac dinh dang anh kich thudc 32x32, 64x64,
72x72 pixel dé lam dit liéu dau vao caa md hinh huan luyén, nhu Hinh 6.

Trong md hinh nay, thuc nghiém trén bo dit liéu chuan, két qua so sanh dua vao céac
tidu chi trong phan gioi thiéu danh gia cac mé hinh LDA, NB, KNN, DT, SVM, CNN.
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Hinh 6. M6 td dé xuat mé hinh mang no ron CNN
S6 lwong anh duoc phan bd dung dé huan luyén va kiém tra, bao gébm c6 7 loai biéu
cam khac nhau: Vui mung, tuc gian, that vong, so héi, ghé tém, ngac nhién, binh thuong.
nhu Hinh 7. Trong mdi loai biéu cam, s& dua ra 2 bo dir liéu dung dé train va test riéng.

Téng Cong 28709
Surprise - ngac nhién 3171
Sad - that vong 4830
Neutral - binh thwéng 4965
Happy - vui mirng 7215
Fear - ndi so 4097
Disgust - ghé t&m 436
Angry - tlrc gian 3995

0% 10% 20% 40% 50% 60% 0% B80% 90% 100%

30%
.Test Train
Hinh 7. M6 td sé liwong dit liéu diing d@é hudn luyén va kiém tra

Mo hinh dé xuat hoc sau duoc st dung train va test véi cac tham s dau vao anh thuoc
tinh conv2d = kich thudc anh 72x72 pixel, dau ra md hinh nay dense_1 = 7 loai biéu cam
khac nhau, téng s6 tham sb duoc train 1a 75.941.095, s6 vong train Epoch =100, thoi gian
cho mdi epoch = 69s. Pdng thoi, cac tham sé nay duoc sir dung dé huan luyén cho conv2d
= kich thudc anh 32x32 va 64x64 pixel.
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Layer {(type) Output Shape Param #
Tconvad (ComvaD) | (Nome, 72, 72, 32) 168
conv2d_1 (Conwv2D) (Mone, 72, 72, 64) 8256
batch_normalization {(BatchMN (MNone, 72, 72, 64) 256
ormalization)

max_pooling2d {MaxPooling2D (Mone, 26, 326, 64) =]

3

dropout {Dropout) {Mone, 36, 36, 64) =]
conv2d_2 {Conwv2D) {Mone, 36, 36, 128) 32896
conv2d_3 {Conwv2D) {Mone, 35, 35, 256) 131328
batch_normalization_1 (Batc (MNone, 35, 35, 258) 1824
hNormalization)

max_pooling2d 1 (MaxPooling (Mone, 17, 17, 256) =]

20)

dropout_1 (Dropout) {Mone, 17, 17, 2586) e
flatten (Flatten) {(MNone, 73934) e

dense (Dense) {MNone, 1824) 757658648
dropout_2 (Dropout) {Mone, 1824) =]
dense_1 {Dense) {Mone, 7) 7175

Total params: 75,941,735
Trainable params: 75,941,895
Mon-trainable params: 648

Hinh 8. M6 hinh dé xudt hoc séu, kich thwéc anh 72x72 pixel
Tuong tw, mo hinh dé xuat hoc sau dwoc st dung train va test véi cac tham sb dai dién
dau vao anh thuoc tinh conv2d = kich thudc anh 48x48 pixel, diu ra md hinh nay dense 1
= 7 loai biéu cam khéc nhau, tong s6 tham sb duoc train 1a 31.900.903, sb vong train Epoch
=200, thoi gian cho mdi epoch = 34s. Tuy nhién, khi train thi thoi gian thuc cao hon rat
nhiéu, sir dung card 6 hoa NVIDIA® GeForce RTX™ 1650 GPU 4GB dé thuc hién.

Layer (type) Output Shape Param #
conv2d 4 (Conv2D) (None. 48, 48, 32) 160
dense 3 (Dense) (None, 7) 7175

Total params: 31,901,543
Trainable params: 31,960,983
Non-trainable params: 640

Hinh 9. M6 hinh dé xudt hoc séu, kich thwéc anh 48x48 pixel

3.  K&étqua vathao luan

Trong bai thuc nghiém nay, dugc danh gia trén may tinh laptop Asus Rog Strix
Gaming G513IH véi Windows 10 Pro 20H2 ciu hinh: CPU AMD Ryzen™ 7 (8 nhan, 16
Iuéng) up 4.2GHz - 8MB Cache, RAM 16 Gb DDR4-3200Mhz, M.2 NVMe™ PCle® 3.0
SSD, NVIDIA® GeForce RTX™ 1650 GPU 4GB.
3.1. Két qud thuc nghiém

Trong qué trinh md phong, di st dung cac thu vién nhu OpenCV hd trg nhiéu vé thi
giac may tinh bao gom nhan dang va phat hién khudn mat, tim kiém anh c6 dic trung tir bo
dix liéu 16n. Scikit-learning mot thu vién hd tro van dé bai toan phan loai, phan cum, héi quy,
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tuyén tinh va quan trong d6 1a mo hinh dé xuét lya chon. Keras hd tro lién quan cho mang
no ron hoc su, xir Ii dang bai ton vé dang hinh anh va vin ban. TensorFlow 12 mét thu vién
phan mém ma ngudn ma cho hiéu suit cao tinh toan linh hoat kién tric nhiéu nén tang (CPU,
GPU, TPU), hd tro manh vé van dé hoc may va hoc sau.

Thuce hién cho md hinh, tham sb dé xuit & trén vai kich anh 72x72 pixel, két qua thu
dugc cac mo hinh LDA, NB, KNN, DT, SVM két hop véi phuong phép dénh gia cac tiéu
chi: Accuracy, precision, recall, F1_score, nhu Hinh 10 va 11.

Epoch 99/100

898/898 [ ] - €9s 77ms/step - loss: ©.8520 - accuracy: 0.6879 - f1_score: 0.6686 - val_loss: 1.2
167 - val _accuracy: 8.5926 - val f1_score: 0.5706

Epoch 108/1600

898/898 [ ] - 69s 77ms/step - loss: ©.8644 - accuracy: 0.6816 - f1_score: 0.6603 - val_loss: 1.1
862 - val accuracy: @.5889 - val f1_score: 0.5705

Hinh 10. Két qud dz liu train va test véi Epoch = 100,
tidu ton thoi gian thiec = 69s/ méi epoch Véi kich thwéc anh 72x72 pixel
Sau khi thyc hién train voi mé hinh dé xuat bén trén va dugc két hop thy vién chinh
ctia mo hinh hoc sau, két qua thu dugc cac md hinh dya vao tiéu chi danh gia Accuracy 42%,
F1_score = 40% caa SVM la cao nhit, Hinh 11.

===z====z=== LDA RESULT = ========== KNN RESULT

========== SVM RESULT

Accuracy score:@.34
Precision score:@.31
Recall score:0.34
F1_score score:9.31
========== NB RESULT
Accuracy score:9.29
Precision score:@.28
Recall score:0.29
F1_score score:@.26

Accuracy score:@.3e
Precision score:@8.32
Recall score:8.3@
Fl_score score:@.3@
========== DT RESULT
Accuracy score:@.29
Precision score:8.29
Recall score:8.29

F1 score score:@.29

Accuracy score:@.42
Precision score:@.44
Recall score:9.42
Fl_score score:@.40

Hinh 11. Két qud thu dwoc cac mo hinh LDA, NB, KNN, DT, SVM

Két qua Bang 3, mo ta qua trinh thuc nghiém dit liéu dau vao véi kich thuéc anh
IMAGE-SIZE = 64x64, 32x32 pixel, mo hinh dé xuat mang no ron duoc danh gia ti 18 do
chinh xéc cao nhét lan luot Ia: 58.90%, 62.98%.

Bdng 3. Bang thong ké két qud so sanh qué trinh hudn luyén
va kiém tra cac md hinh vdi cdc kich thudc anh con lai

, . M6 hinh  Accurac Precision
Kich thwéc anh thuat toan % y % F1-Score %

LDA 0.33 0.30 0.30
NB 0.28 0.28 0.26
IMAGE-SIZE KNN 0.31 0.33 0.30
= 64x64 DT 0.29 0.29 0.29
SVM 0.43 0.44 0.40

CNN 0.5890 0.6181 0.5946
LDA 0.34 0.30 0.34
NB 0.28 0.28 0.28
IMAGE-SIZE KNN 0.31 0.33 0.31
= 32x32 DT 0.29 0.29 0.29
SVM 0.42 0.44 0.40

CNN 0.6298 0.6475 0.6354
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Két qua danh gia d6 chinh xac dugc so sanh duéi dang biéu dd hinh cot cho 2 IMAGE-
SIZE = 72x72, 32x32 pixel, duoc md ta & Hinh 12, Hinh 13, cao nhat 1a mé hinh dé xuét
hoc sau CNN, sau d6 1a SVM, thap nhit 1a md hinh NB va DT x4p xi gan bang nhau.

image_size 32 o
o

image_size 72

06
06

05
05

4
8 04

03 03

02 0z

01 01

00 oo

LDA NB KNN oT SV NN LDA NE KNN oT VM CHNMN

Hinh 12. Biéu do so sanh két qua Hinh 13. Biéu do so sanh két qua
cac thudt todn, kich thuéc anh 72x72  Cac thudt todn, kich thuoc anh 32x32
Két qua Hinh 12 va Hinh 13, cho 2 kich thudc anh IMAGE-SIZE = 64x64, 48x48
pixel, danh gia s6 liéu qua mdi vong (epochs = 100) véi ti 1& Loss va Accuracy.

Loss with epochs Accuracy with epochs

training 0.60 A training
wvalidation wvalidation

100

Hinh 14. Biéu do két qua ti 1é hoc sau chinh xac qua méi vong, kich thuréc anh 64x64
V6i mé hinh d& xuit hoc sdu mang no ron dugc sir dung train va test vai cac tham sé
dau vao anh thudc tinh conv2d = kich thudc anh 48x48 pixel, ddu ra méd hinh nay dense_1 =
7 loai biéu cam khéc nhau, tong sé tham sé duoc train 1a 31.900.903, sé vong train Epochs
=200, thoi gian cho mdi epoch = 34s. Hinh 15 va 16, cho két qua ti 18 chinh xé4c (Accuracy)
cua hai dit liéu huan luyén va duoc kiém tra.

Loss with epochs Accuracy with epochs
= training | 0.9 4 — training
| —— validation | —— validation
2.5 1
-- 'W“
) \ 0.7
Ll p‘ﬁ}r " Ukl |
h N '|f"i }" ’|f ‘ . e
31 ) ]-__:fr] e 0.6
ol VN

1.0 4

0.5 4

o s0 100 150 200 0 s0 100 150 200

Hinh 15. Biéu do két qud ti 1é hoc sau chinh xac qua méi vong, kich thiéc anh 48x48
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Epoch 199/200
898/898 [ ====== ] - 34s 38ms/step - loss: 0.2919 - accuracy: 0.9014 - f1 score: ©.9018 - val loss: 2.0
873 - val_accuracy: 0.6396 - val f1 score: 0.6413

Epoch 200/200
898/898 [ ====== ] - 34s 38ms/step - loss: 0.2873 - accuracy: 0.9051 - f1 score: ©.9059 - val loss: 2.1

659 - val_accuracy: 0.6478 - val f1_score: 0.6486
Hinh 16. Két qud diz lidu train va test véi Epoch = 200/200, tiéu tén thoi gian thuec = 34s/
méi epoch Véi kich thudc anh 48x48
Két qua khi duogc test véi Epoch =200 vong, thi ti 1& hoc chinh xéac (accuracy) =
64.77%, Hinh 17.

score = model.evaluate(test_set, steps=test_set.n//test_set.batch_size)

224/224 [ ] - 2s 1@ms/step - loss: 2.1675 - accuracy: 0.6477 - fl_score:
0.6493

print('Test loss: ', score[8])
print('Test accuracy: ', score[1])

Test loss: 2.167459726333618
Test accuracy: ©.6477399468421936

Hinh 17. Két qud dé chinh x4c dz liu test véi Epoch = 200,
tiéu ton thoi gian thuc = 34s véi kich thuéc anh 48x48
Két qua khi duoc train véi Epochs =200 vong, thi ti 1& hoc chinh xac (accuracy) =
97.57 %, Hinh 18.

train_loss, train_accu = model.evaluate(train_set)
test_loss, test_accu = model.evaluate(test_set)

898/898 [ ] - 165 18ns/step - loss: 0.6748 - accuracy: 8.9757 - f1_score: 8.9754
Hinh 18. Két qua dé chinh xac dz ligu train véi Epoch = 200,
tiéu ton thoi gian thuc = 34s véi kich thuéc anh 48x48
Bdng 3. Bang so sanh két qua cong trinh nghién cizu, model CNN

Tac gia Accuracy %
(Nishime, Endo, Yamada, Toma, & Akamine, 2016) 58.0
CNN (Raghuvanshi & Choksi, 2016) 48.0
CNN (Samsani & Gottala, 2020) 61.4
M3 hinh dé xuat 64.77

Qua khao sét cong trinh nghién cau, tac gia cac bai béo str dung model CNN dé thuc
nghiém danh gia, theo két qua cho thay két qua dit liéu hoc kiém thir caa (Nishime, Endo,
Yamada, Toma, & Akamine, 2016), CNN (Raghuvanshi & Choksi, 2016), CNN (Samsani
& Gottala, 2020), lan luot dat ti & chinh xac 1a: 58%, 48%, 61.4% va mo hinh d& xuat CNN
la 64.77%. Theo két qua trén Bang 3 thi mo hinh dé xuat cua ching t6i dat hiéu qua tét hon.
Ngoai ra, két qua khi duoc train véi Epochs =200 vong, thi ti 18 hoc dat chinh xac (accuracy)
= 97.57%, Hinh 18, két qua nay duoc danh gia rét tot.
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3.2. Thdo lugn

Qua qué trinh thuc nghiém caa bai nghién ciru ndy, chung t6i da dua ra ba van dé
chinh: mot 13, mé rong bo bo di liéu chuan FER-2013 véi 35.887 anh, trong do: dé train 1a
28.709 anh va test 12 7178 anh, kich thudc anh gdc 48x48 pixel, duoc sir dung bo chiét xuat
dic trung anh dang nhi phan, duoc luu trit dang matrix 3 chiéu, gan nhan theo 7 loai biéu
cam; hai 13, thyc hién kiém tra md phong cac mé hinh LDA, NB, KNN, DT, SVM duoc
danh gi4 theo tiéu chi chinh x4c (Accuracy) lam két qua so sanh, cho thay két qua mé hinh
SVM tuong tng kich thudc 72x72, 64x64, 32x32 ¢6 gi tri tot nhat twong wng: 42%, 43%,
42%, ti 1& hoc thap nhat 1a mé hinh NB = 29%, con cac md hinh con lai nam trong khoang
gitta hai mo hinh trén. Ba 13, mé hinh dé xut mang no ron, khi huén luyén Epochs = 100,
dense = 7, kich thudc twong ung: 64x64, 32x32 pixel 1a 58.90%, 62.98%. Riéng kich thudc
anh gbc cua tap dir liéu chuan FER-2013, khi sir dung s vong train Epochs = 200 thi két
qua thu duoc trén tap dir liéu train c6 do chinh xac (accuracy) = 97.57%, test = 64.77 %.

Trong nghién ciru nay, da so sanh vaéi cac bai nghién ctiu cua cua (Nishime, Endo,
Yamada, Toma, & Akamine, 2016), CNN (Raghuvanshi & Choksi, 2016), CNN (Samsani
& Gottala, 2020) voi két qua mé hinh dé xuat & bang 3 lan luot 1a: 58%, 48%, 61.4%,
64.77%, két qua mo hinh d& xuit ti 1& hoc chinh xac, hiéu qua cao nhat.

Panh gia chung v& mé hinh dé xuit con han ché, tiép tuc khac phuc: Can phai két hop
cac mo hinh hoc sau tang cudng, mo hinh hoc sau dang két hop thi ti 1é d6 chinh xac tét hon
cho viéc nhan dang anh.

4.  Kétluan

Nhu vay két qua thuc nghiém nay, ching t6i da néu ra ba van dé chinh: mot 13, mo
rong dinh dang bo dataset Facial Expression Recognition 2013 véi Kich ¢& anh goc 48x48
pixel, sau d6 dugc ma rong nhiéu kich thudc anh khac nhu 1a 72x72, 64x64, 32x32 pixel dé
lam nén tang cho danh gia két qua nghién ctru thém da dang; hai 13, md phong cac mé hinh
thuat toan str dung tir cac thu vién python trong qua trinh huan luyén nham danh gia va so
sanh vé& céc tiéu chi Accuracy, Precision, F1-Score; ba 13, d& xuit md hinh hoc sau CNN
dugc so sanh véi cac cong trinh nghién ctu khac 1a dang tin cdy va thiét thyc. Diéu do, da
dugc minh chang rat rd va chi tiét & phan 3.

Tir két qua thuc nghiém véi tap dir liéu FER-2013 gém c6 35.887 anh, trong do: tap
dir liéu dung dé train 13 28.709 anh va dung cho viéc test 1a 7178 anh. Trong phan danh gia
két qua mo hinh d& xuat mang no-ron CNN vé x4c nhan dang khuén mit ngudi duoc so sanh
Vi cac cdng trinh nghién ctu lién quan khac, cho thdy mé hinh dé xuit dat hiéu qua do
chinh x4c cao hon. Qua nghién cttu ndy, ching tdi s& khic phuc nhitng han ché cia mé hinh
dé xuat hoc sau nay nhu da danh gia & muc 3.2 thao luan.
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% Tuyén b6 vé quyén lgi: Céc téc gid xéc nhan hoan toan khéng cé xung dot vé quyén loi.
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ABSTRACT

Facial recognition is a biometric technology technique that faces human facial features. The
Facial Expression Recognition 2013(FER-2013) image dataset, including seven different types of
human facial expressions, was used as the training dataset in this study. The importance of system
security is urgent to deploy a human face recognition authentication application to log in to the
system, authenticate on smartphones, and time attendance. We propose a machine learning, deep
learning model with many different training methods combined with the FER-2013 dataset, which is
expanded with image sizes (32x32, 48x48, 64x64, 72x72) to conduct experiments with LDA, NB,
KNN, DT, and SVM models. Then, evaluating the effectiveness of each model in terms of accuracy,
precision, and F1-Score was conducted. The experimental results have three main contributions:
(a)expanding the dataset format with more diverse sizes; (b) simulating different algorithmic models
during training to evaluate and compare the above criteria, and (c) showing the effectiveness of the
proposed CNN deep learning model.

Keywords: computer vision; deep learning; face recognition; FER-2013; neural networks
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