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ARTICLE INFO ABSTRACT

Received: 15/03/2024 Sentiment analysis is to identify the polarity of people's emotions toward
) entities as expressed in their opinions. With the development of science and
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technology, opinions published on social networks become more diverse in
Accepted: 12/04/2024  forms, including texts, images, sounds, and videos. Among them, opinions

S expressed through images increasingly dominate. Many image sentiment
Published: 28/04/2024 analysis methods have been published in recent years. Methods based on
KEYWORDS convolutional neural networks (CNNs) are notable. However, previous
methods based on CNNs often cannot extract features well from low-
resolution images. To solve the mentioned problem, in this study, we propose
Ensemble model; a method to improve the performance of sentiment analysis on images by
VGG19-based CNN: combining two transfer learning models and a CNN model. Unlike other
CNN-based models, our method can better extract local and global features
on images. The proposed method was experimented on the FER2013 dataset

Image sentiment analysis;

ResNet50-based CNN;

Convolutional neural network. and shown that it can improve accuracy by up to 9.03% compared to baseline
methods.
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THONG TIN BAI BAO TOM TAT

Ngay nhan bai: 15/03/2024 Phén tich tinh cam la qua trinh xdc dinh phan cyc cam xtc cua con ngudi df)i
véi mot thue thé duoc the hién trong cac v kién ctia ho. Cung véi sy phat trién
cua khoa hoc cong nghé, cac y kién dugc dua 1én mang xa hoi tré nén da dang
Ngay chdp nhan dang:  12/04/2024  hon vé hinh thirc. Trong d6, cac ¥ kién thé hién théng qua cac hinh anh ngay
NI cang chiém wu thé. C6 nhiéu phuong phap phan tich tinh cam trén hinh anh
Ny dang: 28/04/2024 dugc cong b trong nhitng nim gan day. Pang chua y phai ké dén cac mo hinh
TU KHOA dya trén convolutional neural network (CNN). Tuy nhién, cac phuong phép
dya trén md hinh CNN truée day thuong khong the trich xuat t6t cac dic trung
tir hinh anh c6 d¢ phan giai thap. Dé giai quyét vin dé néu trén, trong nghién
Ensemble model; ctru nay, chiing t6i dé xuat phuong phap nang cao hi¢u suat phéan tich cam xtc
VGG19-based CNN; trén hinh anh béng cach két hgp hai mo hinh transfer learning va mo hinh
ResNet50-based CNN; CNN. Khong giong nhu cac m6 hinh dya trén CNN khac, phuong phap cua
Convolutional neural network. chung t6i ¢6 thé trich xuat t6t hon cac dic trung cuc bd va toan cyc trén hinh
anh. Phuong phap dé xuét da dugc thir nghiém trén bo dit lisu FER2013 va
cho thiy n6 co6 thé cai thién do chinh xac 1én t6i 9,03% so v6i cac phuong
phap co so.
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1. Gioi thigu

Theo thong ké ciia trang web backlinko.com, tinh dén thang 10 ndm 2023, s6 nguoi st dung mang
x4 hoi 12 hon 4,95 ty trén toan thé gidi va con s6 nay tang 7,07% mdi nam. Pang cha y 1a mbi ngay co
mot sb lugng 16n cac hinh anh dugc chia sé 1én cac trang mang xa hoi, cu thé: 3,8 ty hinh anh dugc chia
s€ trén Snapchat, 2,1 ty hinh anh dugc chia sé trén Facebook, 1,3 ty hinh anh dugc chia s¢ trén Instagram,
va | ty hinh anh dugc chia s¢ trén Flickr. Tinh cam ma nguoi dang mudn giri gim thong qua cac hinh
anh la mot nguon thong tin co gia tri str dung 16n véi cac hé thdng khuyén nghi, hé thdng hd tro ra quyét
dinh, va h¢ thong phat hién tin tirc gia mao. Cac phuong phéap phan tich tinh cdm trén cac hinh anh ra
doi dé ndm bat thong tin cam xtic d6. Phan tich tinh cam trén hinh anh 1a qua trinh x4c dinh phan cuc
cam xtc cta ngudi dung danh cho cac thuc thé duoc thé hién trén cac hinh anh.

C6 nhiéu cach tiép can khéc nhau dugc cong bd dé phat trién va cai thién hiéu suét cta cc phuong
phap phén tich tinh cam trén hinh anh, trong d6 dédng cha ¥ nhat 1a cac mo hinh convolutional neural
network (CNN) duya trén transfer learning, nhu Inception-V3 va ResNet50. In [1], Gaurav va cic cong
su da phat trién mot cach phat hién cam xuc trén khuén mat béng cach su dung m6 hinh CNN dugc lam
giau bai mo hinh Inception-V3 nhiam giai quyét van d& mic du & trong céc trang thai cam xuc khac nhau
nhung khong cé qua nhiéu sy khac biét gilra cac khudn mat. Pranav va cac cong sy [2] da dé xuit mot
hé thong nhan dang cam xuc dya trén mo hinh deep CNN nham giai quyét van dé han ché do sau cua
cac md hinh CNN. Mehendale [3] da d& xuit m6 hinh nhan dién khu6én mit stir dung CNNs nham giai
quyét vin d& du thira cic dic trung khong can thiét trong qua trinh trich xudt dic trung. Jaiswual va cac
cong sy [4] da xay dung phuong phap phéan 16p cam xtic thé hién trén khuon mit dya trén mo hinh CNN
nham giai quyét van dé bo qua cac dic trung dic biét trén khudn mét do hinh anh sir dung mot s6 lugng
16n cac bd loc. In [5], Modi va cac cong sy da @& xuAt mot mo hinh nhan dién biéu hién trén khudn mat
sir dung mé hinh CNN nham giai quyét cac van dé lién quan dén overfitting do thiéu dit liéu dao tao phu
hop va nhing anh hudng dén viée xac dinh chinh xac cam xuc trén khudn mat nhu anh sang, tu thé co
thé, va sai hinh dang.

Bang 1. So sanh hiéu sudt cdac phwong phdp phan tich tinh cam trén hinh danh.

Phwong phap Nam Dir li¢u P§ chinh xac (%) P 16i (%)
Inception-v3-based
CNN [1] 2023 FER2013 73,09 1,2
FER [11] 2022 FER2013 72,3 -
VGG19-based
DCNN [2] 2020 FER2013 65,41 0,7
FERC [3] 2020 FER2013 Tir 70 dén 96 -
Jaiswual va cac 2020 FER2013 70,14 1,76

cong su [4]

Tir cac phén tich & trén va cac thong tin trong Bang 1, chung ta c6 thé thay: (i) Hau hét cac phuong
phap phan tich tinh cam trén hinh anh gan day déu dua trén mé hinh CNN dugc tich hop thém cac mo
hinh transfer learning. (ii) Néu xem hiéu suat Iy tuéng vé do chinh xéac 1a 100% va do 16i 1a 0% thi cac
phwong phap trén hoan toan cé thé duge cai thién thém vé mat hiéu suat. (iii) C6 it phuong phap duoc
xdy dung dua trén sy két hop cac md hinh transfer learning-based deep learning. Pay chinh 1a 1y do
khién ching t6i dé xut phuong phap phan tich tinh cam trén hinh anh dya trén viéc két hop cac mo
hinh hoc sau. Muc dich chinh ctia d& xuét nay 1a nhim giam 13i dy doan do viéc trich xuét chwa t6t cac
dic trung ¢ nhitng hinh anh c6 chat luong thip cua cic mo hinh don 1é nham cai thién hiéu suét cua
phan tich tinh cam trén hinh anh.

Phuong phép duogc dé xuat bao gdm cac khdi chinh sau day: (i) Hai khdi CNN két hop véi ResNet50
va CNN két hop véi VGG19 duogc xay dung dé trich xuét va biéu dién cac dic trung vé cam xtc duoc
thé hién trén hinh anh; (i) Khdi két hop dua trén co ché feature fusion duoc dung dé két hop dau ra cua
hai khdi da duoc xdy dung ¢ budc (i); va (iii) M6 hinh phan loai tinh cam dua trén viéc két hop cac md
hinh dugc xay dung dé x4c dinh phéan cuc tinh cam ctia hinh anh. Phuong phap dé xuat duge thyc nghiém
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trén tap dit liéu FER2013 va duoc so sanh véi cac phuong phéap co s& dé chimg minh tinh hiéu qua cua
no.

Nghién ctru nay c6 mot s6 dong gbp chinh nhu sau:

- Xéy dung phuong phap phén tich tinh cam trén hinh anh bang cach xay dung m6 hinh két hop dua
trén cac thuat toan hoc siu nham giai quyét van dé vé viéc trich xuat chua tot cac dic trung & cac hinh
anh c6 chat luong thip cua cac mé hinh don 1é.

- Danh gia két qua ciia phuong phap d€ xuét bang cach thuc nghiém né trén b dir liéu hinh dnh
khudn mat chuan dugc st dung rong rai.

- So sanh d chinh xac trong phén tich cam tinh cua phuong phap dugce dé xuat véi cac phuong phap
co sO dé chiing minh tinh hi¢u qua cua phuong phap.

Chung t6i to chtrc phan con lai ctia bai bao niay nhu sau. Phan 2 trinh bay tong quan céc nghién ciru
lién quan. Phén 3 mo6 ta van dé nghién ctru ctia d€ xuat. Phan 4 dua ra cac md hinh toan hoc ting bude
giai quyét van dé nghién clru. Viéc thu thap dir ligu, thi€t 1ap, két qua thyc nghiém va danh gié dé xuat
duoc trinh bay ¢ Phan 5. Két luan va huéng nghién ctru trong tuong lai dugc trinh bay ¢ Phan 6.

2. Céac nghién ciu lién quan

O phan nay, ching t6i tip tuc phan tich, danh gia chi tiét hon cac phuong phap phan tich tinh cam
trén hinh anh str dung cac mo hinh deep learning va transfer learning da dugc gidi thiéu ngan gon ¢ phan
Gidi thiéu.

Bang 2. So sdnh hiéu sudt cdc phwong phdp phan tich tinh cam trén hinh dnh.

Mé hinh két Biéu dién Do chinh

Phwong phap Cach tiep can hep diic trung XA (%)
Inception-v3- Xay dung phuong phap trich xuit va phan loai cam xtic co co 73.09
based CNN [1] dua trén viéc tich hop Inception-v3 vao md hinh CNN '
VGG19-based Phuong phap phén tich tinh cam dya trén viéc trich hgp co ch 65.41
DCNN [2] mo hinh VGG19 vao md hinh DCNN. '
Phuong phap phan tich tinh cam dya vao viéc két hop . .
FER [11] cac md hinh custom CNN, ResNet50, va InceptionV3 co Co 72,30
Két hop cac mé hinh QUQC huér] luyén truae, AlexNet,
Jiava cong sy VGGNet, va Resnet dé trl'ch Xuat cac dic trung, sau do co co 71 97
[12] dua cac dac trung da dugc két hgp d6 vao mo6 hinh SVM '
cho phén tich cam xdc.
SAhengtao va Két hop hai mbé hmh dua trén ResNet la original ResNet co co 7074
cong su [13] va cropped ResNet
Jha va cong sw by e tinh cam bing cach sir dung mo hinh CNN Khong Khong 69,90

[14]

Xay dung ba m6 hinh CNN dé’trl'ch XUt cac dic trung
khac nhau, sau d6 dung co ché fully connected dé ket Co Khéng 65,03
hop cac dac trung.

Liu va cong sy

[8]

Nhin vao Bang 2 ching ta thay: (i) phuong phap phén tich tinh cam dya vao viéc két hop cac md
hinh dang duoc quan tim va dat dugc hiéu suat dang chu . (ii) cac phuong phap két hop co sir dung
cac md hinh duoc huin luyén trudc dé biéu dién cac dic trung dat hiéu suat tét nhat (i11) cac phuong
phap co két hop cac md hinh nhung khéng sir dung mé hinh dwoc hudn luyén dé trich xuét dic trung cd
hiéu suit khong dang ké. (iv) md hinh chinh duoc ding dé phén tich tinh cam & hau hét cac phuong
phap 12 mé hinh CNN va mé hinh CNN khi két hop v6i mot mo hinh duoc huén luyén trude cho viée
biéu dién cac dic trung thuong dat két qua tot hon mé hinh CNN don 1¢é.
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3. Vén dé nghién cieu

i Muc dich chinh cta dé )guét nay 12‘} nham giam cac 13i du doan do viéc trich xuét chua t6t cac dac trung khi
dau vao 1a cac hinh anh c6 chat lugng thap ciua cac mo hinh don 1é nham cai thién hi¢u suat cia phan tich tinh cam
trén hinh anh. Cau hoi nghién ctru dit ra 6 13 “Lam sao chiing ta cé thé cdi thién hiéu xudt ciia viéc phdn
tich tinh cam trén hinh anh bang cach xdy dwng mé hinh cé kha nang trich xudt cac ddc trung cdp cao
tir cdc hinh dnh ¢é @6 phdn gidi thap?” Tir cau hoi nghién ciru dat ra, chung toi dua ra van dé nghién
ctru nhu sau:

Cho mdt tap dir liéu dau vao I bao gém n hinh anh vé khudn mit con ngudi dang thé hién cac biéu
hién cam xuc khac nhau, va tap I duoc biéu dién nhu sau I = {ix|k € [1,n]}. Nghién ciru ndy xem
xét viée xdc dinh phan cyce tinh cam thé hién trén hinh anh 1a mét nhiém vu phan 16p da phén (multiple
classification), trong d6, mdi hinh anh dugc gdn mot nhan don thé hién mot trong s6 cac loai cam xitic
(anger, disgust, fear, pleasure, sadness, surprise, and neutral). N6i mdt cach khac, gia st chung ta co
mot hinh anh i, va chiang ta dat I, = {anger, disgust, fear, pleasure, sadness, surprise,
and neutral} € R™*1 dé biéu dién cac loai nhan cam xtic. Cu thé, néu i biéu hién sy tirc gian, i, =
"anger"; néu i, biéu hién sy ghé tom, iy, = "disgust"; néu i, biéu hién sy s¢ hii, iy, = "fear";
néu i, biéu hién sy vui vé, iy, = "pleasure"; néu i, biéu hién sy budn ba, iy, = "sadness"; néu
i biéu hién su bét ngo, i, "surprise"; néu i, biéu hién sy trung 1ap, iy, = "neutral". Sau diy la
cach xay dung van dé nghién ctru cho nghién ctru nay véi cac ky hiéu di noi ¢ trén: Vecto nhan cam
XUC Igp, va ma tran biéu dién hinh anh H; duoc trich xuat. Muc tiéu cta nghién ctru nay 1a d& xuat mot
cach hiéu qua dé du doan vecto [y, cta cac hinh anh khong dugce gin nhin cam xtc bang cach trich
xudt va hoc cac dic trung cuc bg ciing nhu toan cuc tir cac hinh anh c6 d6 phan giai thép mot cach hiéu
qua.

4. Phwong phap dé xuit

Anger
Trich xut va bigu Hoc cach trich
dién cac dac trrng xuUdt va bigu dign Ma tran cac
liBn quan dén cac dac treng ién da trrng oi
tirng logitinh cam quan dén tirng lin quan =gt
17 cuthé rigu cue, logi tinh cém ey dén tirng loai
tich cu,....) bang thé béng c&ch tinh cam cu
cach ding mé dung mé hinh thé 3 - -
hinh Reshlers0 CNN . Phén loai
Ket hop hai loa camxuc
. . . . matran dac duocthé
Hinh Tignxi Xay dung khoi CHN kéthop voi Reshlet50 trung d3 trich hign trén
anh hinh &nh xudt béng cach ] kinh &nh dita| [ Pleasure
ding co ché trén oo ché
early fusion fully
Trich xugt va bigu Hoc c&chtrich connected
difn cac dac treng| | xuSt va bidu didn Ma trén c& [ Sadres
vE toan bd cam £ac d5c trng vé d& trrng v
“»  xictrén khudn | toan bocam xic | toan bd cam
ma bang cich trén khudn mat ®0C trén
dung ma hinh béng c&ch ding khudn mat
VGEE1S m& hinh CNN
Xay dung khai CNN kéthop v VGG19

Hinh 1. Cdc buéc xdy dung phwong phdp dé xudt.

Phan ndy trinh bay chi tiét phuong phap d& xuat. Pau vao ctia qué trinh huin luyén 1a mot tap Itrain
bao gdm n; hinh anh vé khuén mit con ngudi dang biéu hién céc trang thai cam xuc khac nhau, mdi
hinh dnh dugc gan mét nhan cam xic tuong ng. Dau vao clia qua trinh kiém tra 1a mot tap I,.s bao
g0m n, hinh anh vé khu6n mit con ngudi dang biéu hién cac trang thai cam xtic khac nhau nhung chua
dugc gan nhin cam xac. Pau ra cua phuong phap 1a ty 18 cac hinh anh duoc gan dung nhdn cam xc.
Phuong phap dé xuat bao gdm cac budc chinh sau day: (i) Biéu dién cac dic trung: budc nay nham
chuyén hinh anh thanh ma tran cac vecto dic trung bang cach trich xuét cac dic trung lién quan dén cac
trang thai cam xtc duoc thé hién trén hinh anh. Trong nghién ctru nay ching toi ding hai mé hinh
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VGG19 [6] va ResNet50 dé thuc hién bude nay. (ii) Xay dung hai khdi ResNet50-based CNN va
VGG19-based CNN: budc nay nham huén luyén va trich xuét cac dic trung cuc bd va toan cuc tir ma
trén cac vecto dac trung. (iii) Xay dung khéi két hop: budc nay nham két hop céc loai déc trung da dugc
trich xudt tir hai mo hinh ResNet50-based CNN va VGG19-based CNN. (iv) X4y dung khdi phan loai
tinh cam: budc nay nham xac dinh phan cuc cam xuc cua hinh anh dua trén céc dac trung da duoc két
hop. Quy trinh 1am viéc ctia phuong phép dé xuat duoc minh hoa ¢ Hinh 1.

4.1. Xay deng mo hinh CNN két hgp véi ResNet50

M6 hinh CNN két hop véi ResNet50 bao gom hai khéi chinh nhur sau:

Khdi biéu ‘dién dac trung: J(héi nay nhém biéu dién hinh anh thanh ma tran dic trung bao gdm céc
vecto. Co nhiéu k¥ thuat c6 thé ap dung dé thyc hién budc nay nhu cac mé hinh Inception-V3, ResNet50,
va VGG-ImageNet. Trong nghién ctru nay, chung t6i chon ResNet50 vi mo6 hinh nay c6 kha nang xac
dinh va trich xuat tot cac dac trung lién quan dén nhitng cam xuc cu thé, déac biét 1a cac cam xuc ti€u
cuc nhu ghé tom, tirc gidn va buon ba.

Diéu nay c6 nghia 1 hinh anh i dugc dwa vao md hinh ResNet50 dé tao ma trin vecto tuong ng
nhu sau:

1, = ResNet(iy) € R, véik = [1,n] (1)

Trong d6, ResNet(i),) 1a b chuyén d6i cia md hinh ResNet50. d 1a chiéu cua vecto didc trung. Nhu
vay, tir hinh anh i, két thic budc nay ching ta thu dugc ma tran déc trung 7y,.

Kh01 CNN: Khéi CNN duoc xay dung dé giam kich thudc ctia ma tran déc trung v bang cach trich
xudt cac dic trung cuc bd cua timg trang thai cam xuc cu thé. Khdi nay bao gdm cac bude sau:

Tao céac anh xa dic trung (feature map) x;, bang cach ding 1 bo loc F € R/*4r dé trugt trén ma tran
dac trung 1y, v6i chiéu dai truot f tir k dén k + f — 1 nhu sau:

Xk = ReLU(F e Tk:k+f—1 + b) (2)

Trong d6, k = [1,n]; © 1a toan tir tich chap; ReLU la ham kich hoat; va b chi bias caa ham kich
hoat. Nhu vay, tir ma tran dac trung v két thic budc nay ching ta c6 ma tran anh xa dic trung x =
{x1,%2, ., X1 }-

Thyc hién max-pooling dé tao cac ma trén dic trung cuc by bang cach lua chon céac gia tri cao nhat
trong ma trén anh xa dac trung. Ly do chinh la vi ma tran anh xa ddc trung chira nhiéu dic trung, trong
s6 d6 c6 nhitng dic trung c6 ¥ nghia va ¢ nhing dic trung khong c¢6 ¥ nghia. Va dé nang cao hiéu suit
ciia md hinh, ching ta chi nén tép trung vao nhirng déc trung c6 y nghia. Trong khéi nay, cac dic trung
cuc bg va boi canh s€ dugce cht y. Ma tran dac trung cuc bd X dugc xac dinh nhu sau:

X = {Max(xy), Max(x3), ..., Max(x;)} 3)

Trong d6, Max(x;,) 1a ham ldy gi4 tri 16n nhat tir ma tran 4nh Xa dic trung x.

4.2. Xay dewng mo hinh CNN két hgp véi VGG19

Tuong ty nhu md hinh CNN két hop véi ResNet50, md hinh CNN két hop v6i VGG19 bao gdm
hai khoi chinh nhu sau:

Khdi biéu dién dic trung: Khéi ndy nham biéu dién hinh anh thanh ma tran dic trung bao gdm céc
vecto. Trong nghién ctru nay, ching t6i chon VGG19 vi moé hinh nay cé kha nang tap trung vao cac
ving co thé rong 16n, vi du nhu khudén mét, do do cé thé trich xuat dugc toan bd déc trung vé cam xuc
trén khuon mat.

Diéu nay c6 nghia 14 hinh anh i duge dua vao mo hinh VGG19 dé tao ma tran vecto twong img nhur
sau:

v = VGG (i) € R¥*%,v6i k = [1,n] 4)

Trong d6, VGG (i},) 1a bo chuyén ddi caa mé hinh VGG19. d 1a chidu cua vecto dic trung. Nhu vay,
tir hinh anh i, két thac budc nay ching ta thu dugc ma tran dac trung vy,.

,Khéi CNN: Khéi‘ CNN dugce xdy dung dé giam kich thudc ciia ma trén ddc trung v, bang cach trich
xuat cac dac trung vé cam xuc dugc thé hién trén hinh anh. Khoi nay bao gom cac budc sau:
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Tao cac 4nh xa dic trung (feature map) v, bang cach dung 1 bo loc F € R/*4r dé trugt trén ma tran
déc trung vy, voi chiéu dai truot f tir k dén k + f — 1 nhu sau:

Yk = RBLU(F e vk:k+f—1 + b) (5)

Trong d6, k = [1,n]; © la toan tir tich chap; ReLU la ham kich hoat; va b chi bias caa ham kich
hoat. Nhu vay, tr ma tran dac trung v két thiic budgc ndy chidng ta c6 ma tran anh xa dac trung y =
2 i}

Thuc hién max-pooling dé tao cac ma trin dic trung cuc bd bang cach lya chon cac gia tri cao nhit
trong ma tran anh xa dac trung. Ly do chinh la vi ma tran anh xa ddc trung chira nhiéu dic trung, trong
s6 d6 c6 nhitng dic trung c6 ¥ nghia va ¢ nhing dic trung khong c¢6 ¥ nghia. Va dé nang cao hiéu suit
ctia md hinh, chiing ta chi nén tap trung vao nhiing déc trung c6 y nghia. Trong khéi nay, cac dic trung
cuc bd va bdi canh s& duoc cha y. Ma tran déc trung cuc bg X dugce xac dinh nhu sau:

9 = (Max(y7), Max(y;), ..., Max(y)} ©)
Trong d6, Max(y;) 1a ham Iy gia tri 16n nhat tir ma tran anh xa dic trung y.

4.3. Xdy dung khéi két hop

Khéi két hop duoc thiét ké dé két hop cac ma tran dic trung da duoc tao ra tir khdi CNN két hop véi
ResNet50 va khdi CNN két hop voi VGG19. Khéi nay duoc xay dung dwa trén co ché Early feature
fusion [10] c6 hiéu qua hon vi n6 hop nhat cac ngudn dir liéu khi bat ddu qua trinh xir 1y. Trong nghién
cliru nay, khéi két hop dua trén co ché early fusion dugc xac dinh nhu sau:

é = fusion(x®Y) )

Trong d6 fusion 1a khdi két hop cac dic trung dua trén co ché tong hop sém, @ 1a mot toan tir két
hop, é 1a ma tran két hop dac trung.

4.4. Xdy dung by phdn logi tinh cam

Ma tran két hop déc trung dugc dua vao khoi duoc két ndi day du (fully connected layer) va ham
softmax tinh toan dau ra cua khoi duoc két noi day dua dé xac dinh gia tri phan phoi cia nhan cam xac
nhu sau:

p = softmax(W - é + b) (8)
Trong d6 W va b la ma tran trong s6 va do léch ctia ham softmax.
Huan luyén md hinh: Phuong phap dé xuét duoc huan luyén bang cach giam thicu sai s6 entropy
chéo cua phéan phoi nhan ding va nhan dy doan theo phuong trinh sau:

[ = ~[ylogp + (1 = ) log(1 — )] ®)
Trong d6, y biéu thi gia tri phan phdi thyc ciia nhan tin tac va p 1a gia tri phan phdi du doan ciia
nhan tin tic.

5. Thuc nghiém
5.1. Dir liéu

Dé chimg minh hi¢u suét ciia phuong phap dé xuét, chiing t6i tién hanh thyc nghiém phuong phap
dé xuét trén tap dir liéu chuan, 13 tap dit liéu da dugc cong bd va dugce cac phuong phap khac thyc
nghiém. Trong nghién ctru ndy, chiing t6i chon tép dit liéu FER2013 [9] dé huin luyén phuong phap dé
xuat. Tap dir liéu FER2013 1a tap dir liéu dugc cong bd cong khai, dugc phat trién dé tham gia cudc thi
Kaggle ICML 2013. FER2013 bao gdm 35887 hinh anh, mdi hinh anh dugc gan mét trong bay nhin
cam xuc do la anger, disgust, fear, pleasure, sadness, surprise, and neutral. Tap di li€u nay dugc chia
thanh tap huén luyén véi 28709 hinh anh va tap kiém tra v&i 3589 hinh anh. Tap dir liéu nay chira mot
thach thirc 16n ma cac phuong phép phai vuot qua do 1a cac hinh anh twong tng véi cac nhan cam xtc
dugc phan bd khong dong déu. Nhiéu hinh anh bi 13i nhu khong c6 khuén mit, chi c6 mot phan khudn
mit, mot sb bi gan nhan cam x1c sai.
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5.2. Thiét Igp thuc nghiém

Phén nay trinh bay cach thiét 1ap cac tham s6 khi huan luyén va kiém tra phuong phap dugc dé xuat.
Chi tiét cac thiét 1ap cho cac tham so dugc trinh bay & Bang 3.

Bang 3. Cdc tham s6 dwoc thiét lgp cho phirong phap dé xudt.

Cic thiét 1ap Gia tri
Tap huén luyén nx 80%
Tap xac thuc Tap huan luyén x 10%
Tap kiém tra nx 20%
Céch chia cac tap dir liéu Random
ResNet50 optimizer SGD véi learning rate 1a 0,001
VGG19 optimizer SGD véi learning rate 142 0,001
CNN optimizer Adam véi learning rate 14 0,0001
Batch size ctia ResNet50 and VGG19 128
Batch size cia CNN 64
Loss Cross entropy
S6 lwong Epoch 50

n 13 s6 lugng cac hinh anh c6 trong tap dir lidu.

5.3. Phwong phap co s¢

Trong nghién ctru ndy, dbi véi cac phuong phap co s, chung tdi chi thira nhén lai két qua da duoc
cac nghién ciru trude day cong bd chir khong tién hanh tai xay dung lai cac phuong phap dé. Vi vay, dé
dam bao su cong bang khi so sanh va danh gia, chung t6i da chon cac tap dit liéu thuc nghiém va phuong
phap danh gié tring véi cac nghién ctru duogc chon lam phuong phép co so. Cu thé, cac phuong phap co
s& va phuong phap lugc bo duge dung trong nghién ctru nay nhu sau:

Phuong phap co so: Dbi v6i phuong phap co so, chung toi chon cac phuong phéap dugce thuc nghiém
trén tap dir lieu FER2013 va dung do chinh xac dé danh gia, bao gdm cac phuong phap: Inception-v3-
based CNN [1], VGG19-based CNN [7], FER [11], Jia va cong su [ [12], Shengtao va cong su [13], Jha va cong
su [14], va Liu va cong su [8]. Phuong phap co s¢ dugc dung dé khang dinh tinh hiéu qua ctia phuong
phap dé xuit.

Phuong phép luge bo: Di véi phuong phéap luge bé, ching tdi tao phuong phép lwge bo bang cach
b6 bt cac khdi trong phuong phap dé xuat va tién hanh thue nghiém chiing trén tap dit liéu FER2013.
Phuong phap luge bo duoc dung dé khing dinh lai vai tro va su can thiét phai c6 cua cac thanh phan
trong phuong phap dé xuit. Trong nghién ctru nay, chung toi thiét ké ba phuong phép lugc bo nhu sau:

-NoVGG la phuong phap d& xuét da bo di khdi CNN két hop v6i VGG19. Nghia 1 phuong phap dé
xudt chi con lai mé hinh CNN két hop v6i ResNet50 bao gdm cac khéi 1a ResNet50, CNN, va bo phan
loai tinh cam.

- NoResNet 1a phuong phap dé xuét da bo di khdi CNN két hop voi ResNet50. Nghia 1a phuong phap
dé xudt chi con lai md hinh CNN két hop véi VGG19 bao gom cac khéi 1a VGG19, CNN, va by phan
loai tinh cam.

- NoCNN la phuong phap dé xuét da bo di khoi CNN trong hai mo hinh CNN két hop véi ResNet50
va khbi CNN két hop v6i VGG19. Nghia 1a phuong phap dé xuét 1a phuong phap két hop gilta hai md
hinh ResNet50 va VGG19. Phuong phap NoCNN bao gdom céc khdi chinh 14 khdi ResNet50, khéi VGG,
khéi két hop, va bg phan loai tinh cam.

Phuong phap danh gia: Dé dam bao tinh cong bang khi so sanh véi cac phuong phap co s& va cac
phuong phap lugc bd, chung t6i chon phuong phap danh gia chung gitta cac phuong phap co s do 1a
d0 chinh xéc.
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5.4. Két qud va Thao lugn

Dé danh gia hiéu suit ciia phuong phap dé xuét, dau tién chiing toi tién hanh so sanh hiéu suit cta
no6 trén tung loai nhan tinh cdm nhu trinh bay & Bang 4.

Bang 4. Ma trdn nham lan ciia phwong phép dé xudt (%).

Egsﬂgcylfi anger disgust fear pleasure sadness surprise neutral Total Accuracy (%)
anger 348 7 65 15 20 15 21 491 70,88
disgust 1 39 6 1 8 0 0 55 70,91
fear 27 8 301 0 115 3 74 528 57,01
pleasure 13 0 23 806 5 17 15 879 91,70
sadness 30 1 66 12 423 12 50 594 71,21
surprise 5 0 9 11 7 359 25 416 86,30
neutral 67 0 58 34 16 10 415 626 70,45

Dua vao Bang 4, c6 thé thay phuong phap dé xuat dat hiéu suat t6t nhat khi phén loai cac tinh cam
tich cuc (pleasure va surprise). Phuong phap dé xuat co kha ning phan loai tbt mot s6 tinh cam tiéu cuc
(anger, disgust va sadness) va tinh cam trung tinh (neutral) do tan dung duoc wu diém ciia mé hinh
ResNet50. Tuy nhién, véi tinh cam tiéu cuc con lai (fear), phuong phap dat hiu suat chua tot. Mot 1y
do c6 thé dan dén nhugc diém nay 1a ca hai mé hinh ResNet50 va VGG19 khong ¢6 mo hinh nao ¢6 kha
ning niam bét tot cac ddc trung lién quan dén biéu hién ghé tom do d6 du c6 két hop lai van khong co
kha nang nam bat tét cac dic trung d6. Mic du vay, két qua dat dugc ciing cho thiy rang viée két hop
nhiéu mo hinh phan loai c6 thé cai thién ty 1 dy doan sai vi cac md hinh thanh vién co thé b sung cac
phan loai chinh x&c cua nhau.

Tiép theo, chung t6i tién hanh so sanh hiéu suit ciia phuong phap dé xut v6i cac phuong phap luoc
bo cua nd nhu trinh bay ¢ Bang 5.

Bang 5. Hiéu sudt ciia phwong phdp dé xudt va phiong phdp liroe bé (%).

Phwong phap lwgc bé anger  disgust fear pleasure  sadness surprise  neutral
NoVGG 65,01 64,96 49,03 90,02 60,15 80,01 75,02
NoResNet 61,79 66,84 45,10 85,16 54,49 76,26 70,69
NoCNN 68,17 69,06 52,65 91,03 63,74 80,08 72,19
Phuong phap d& xuét 70,88 7091 57,01 91,70 7121 86,30 70,45

Nhin vao c4c Bang 5 ta cd thé thay moi mot khoi trong md hinh dé xuat déu gép phan vao hidu suat
c6 thé dat duoc cua phuong phap. Cu thé, hiéu suit dat duoc cua phuong phap NoResNet thip hon cua
phuong phap NoVGG, nghia 1a khdi CNN két hop véi ResNet50 c6 nhiéu anh hudng dén hiéu suat cua
toan by phuong phap hon khéi CNN két hop véi VGG19. Va phuong phap dé xuat dat dugc hidu suat
t6t nhat cho thay su két hop giita ResNet50, VGG19, va CNN cho phép két hop va tan dung uu diém
clia tirng phuong phap mot cach kha tét.

Cubi ciing, chung t6i so sanh hiéu suét cua phuong phap dé xuét va cac phuong phap co sé nhu trinh
bay ¢ Bang 6. Nhin vao Bang 6 ta thdy hau hét cic phuong phap sir dung mé hinh transfer learning dé
biéu dién ddc trung trudc khi dua vao md hinh phan loai tinh cam dya trén cac mé hinh hoc séu déu co
két qua tot hon so véi cac mé hinh khong sir dung. Cac phuong phép sir dung mé hinh hoc sau don 1é
dat dugc hiéu suét thip nhit. Phuong phap dé xuét di cai thién dugce do chinh xac so voi cac phuong
phap trudc day thap nhat 1a 0,07% va cao nhat 1a 9,03%. Ly do chinh cho két qua nay 14 phuong phap
duoc dé xuit bao gém hai mé hinh trich xuét va hoc cach biéu dién cac dic trung c6 kha nang thyc hién
ddng thoi, mdi mo hinh chil y dén mot nhém cac dic trung nhét dinh. Vi du, mé hinh CNN két hop voéi
VGGI19 tap trung vao cac dic trung thé hién cam xtc trén khudn mat, trong khi md hinh ResNet tap
trung vao cac dic trung thé hién timg loai cam xuc.
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Bang 6. S0 sénh hiéu sudt giita cdc phwong phdp (%).

Phwong phap Accuracy
Inception-v3-based CNN [1] 73,09
VGG19-based CNN [7] 65,41
FER [11] 72,30
Jia va cong su [12] 71,27
Shengtao va cong su [13] 70,74
Jha va cong su [14] 69,90
Liu va cong su [8] 65,03
Phuong phap dé xut 74,06

6. Tong két

Nghién ciru nay dé xuat mot phuong phap méi dé phan tich tinh cam trén cac hinh anh. Uu diém cua
phuong phap dé xuat 12 két hop wu diém cua cac phuong phap trich xuat va biéu dién dic trung dya trén
cac md hinh transfer learning nhur ResNet50 va VGG19 cho nhitng hinh anh ¢6 chat lwong thip. Phuong
phap dé xuit da tra 11 dwoc cau hoi nghién ciru da dugc dit ra thé hién ¢ viéc cai thién duoc hiéu suét
clia cac phuong phap co s¢. Tuy nhién, nhugc diém chinh ciia nghién ctu nay 1a ching toi chi thira nhan
lai két qua da duoc bao céo bai cac nghién ciru truéc ma khéng tai tao lai ching trong qué trinh danh
gid, so sanh dé xac nhan chic chin hon vé tinh hiéu qua cia mé hinh dé xuat. Ngoai ra, phwong phap
dé xuat chi duoc thuc nghiém trén mot tap dix ligu FER2013, va chi dung mot phuong phéap dénh gia la
d6 chinh xac dé so sanh, diéu nay dan dén viéc kho dua ra danh gid khéach quan ve hiéu suat dat duoc
ctia phuong phap dé xuét. Nghia 1a kho dam bao duoc kha ning tong quét héa cua phuong phap. Trong
tuong lai, ching t6i dy dinh xay dung cac md hinh két hop cho viéc phan tich tinh cam da phwong thirc
hozc két hop giira fuzzy logic va cac mé hinh hoc sau dé giai quyét cac van dé biéu dién cac dic trung
khong chic chin khi xay dung cac phuong phap phén tich tinh cam trén hinh anh.

Xung dot lgi ich
Céc tac gia tuyén bd khong c6 xung dot 1oi ich trong bai bao nay.
Tuyén bé dir ligu sin c6

Dir liéu hd trg cho cac kham pha cua nghién ciru nay khi doc gia yéu cau mot cach hop 1y s& duoc
tac gia lién hé cung cap.
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