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TOM TAT

Ngay nay, nhdn dang va phan logi cam xuc ngay cang chi tiét va chinh xdac hon nho vao

sir phét trién cia cdc linh viee nhw dién tir, cam bién hay ky thugdt mdy tinh. Cac phwong

phap nhdn dang cam xiic dwroc nghién cizu hién nay si dung nhiéu phurong thirc thu thdp diz

lieu khac nhau va mét trong nhitng phwong thirc mang lai hiéu qua 1a siz dung cam bién y

sinh. Phuwong thirc ndy c6 thé cung cap thong tin vé cac yéu té sinh hoc chinh xac, bén viing

it bi anh hwong boi tac nhan gay nhiéu tir bén ngoai. Bai bao nay mo ta phwong phdp phén

logi va dénh gia cam x(c dira trén md hinh két hop si dung tin hiéu cam bién y sinh va tin

hiéu video trén co sé hoc may. Ching toi sé mo ta thiét ké cuia hé thong thu thdp tin hiéu y

sinh, qui trinh thu thdp thong tin va hé théng xi Iy dieoc diing dé nhan dang cac thugc tinh
ciia cam xuc. Nghién cieu nay dat dwoc hiéu sudt nhdn dang véi ti 1é chinh xéc 1a 83,2%.

T khég: Nhdn dang cam xic; cam bién y sinh; may hoc; mang No ron tich chdp; may hoc
vecto ho tro.

ABSTRACT

Detecting and classifying emotions has currently become an important item of research
and life. The more detailed and accurate emotion recognition system is due to the
development of various fields such as electronics, sensors or computer engineering. Emotion
recognition methods are studied using different data collection methods and one of the most
popular and effective methods is physical — bio sensors. Physical — bio sensor based
approaches can provide more accurate, sustainable biological information with external
influences and interferences, especially when we compared with other approaches such as
image processing, video processing. In this paper, a method of classifying and assessing
emotions based on a combination of signals collected from physical — bio sensors, video
collection and machine learning are supposed. Specifically, we will describe the platform of
a physical — bio signal collection system, the process of collecting information and the
information processing system used to identify how emotional behavior is characterized. We
have also shown that a combination modals of physical — bio sensor acquisition systems,
video processing based on machine learning methods can provide identification
performance with an accuracy of 83.2%

Keywords: Emotion Recognition; physical — bio sensor; machine learning; CNN; SVM.

1. TONG QUAN

Bai todn phéan loai, danh gia va nhan
dang cam xuc cua con nguoi dang 1a mot linh
vuc nhan duoc nhiéu sy quan tdm trong céc
nghién ctru hién nay. Bai toan nhan dang cam
xuc dugc thuc hién dua vao cac thong tin dau
vao la cac tinh hiéu y sinh nhu nhip tim,

nong do oxy, huyét ap, hay céc tin hiéu duoc
thu thap tur hinh anh, video, hay tir cac danh
gid cua bac si, chuyén gia [1]. Két qua sau
khi xtr Iy cac thong tin dugc thu thap la cac
két luan vé& tinh trang va trang thai cam xdc
nhu vui, budn, tic gian... Bai toan nhan dang
va phan loai cam xuc la mét bai toan phuc
tap vi nhiéu yéu t6 khac nhau va phu thudc
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vao cac thong tin dau vao [2]. Ngoai ra su
danh gia nhan dang cam xuc hau hét dwa trén
cac suy luan logic tir cac thong tin du vao,
tuy nhién cam xuc lai hoat dong theo yéu té
phi logic [3]. Vi du nhu mot nguoi 6 cam
xuc cuc ky tot, cuc ky thoai mai, van khong
thé miéu ta dugc dinh nghia vé cam xuc tét
mot cach déng nhat véi nguoi khéc. Vi vay
bai toan nhan dang cam xdc van 1a mot bai
toan thach thuec.

Tuy gap nhiéu kho khin va thach thuc,
bai toan phan loai va nhan dang cam xuc
dugc tap trung nghién ctu vi nhiéu ly do
khac nhau:

« Bang viéc hiéu dugc cam x(c cua con
ngudi, cac hé théng thong tin hién nay
c6 thé ting mic do twong tac véi con
nguoi, tao trai nghiém nguoi dung hoan
toan mai. Vi du: Hé théng &m thanh c6
thé giam nhac, giam am luong trong thoi
gian con ngudi dang cing thang tot do
hoac s¢ hai, hoac goi y nhitng bd phim
phu hgp theo tdm trang nguoi xem. May
tinh va hé thong giai tri cling c6 thé nhan
dang dugc phan tng ctia nguoi st dung
nhu thich tha, hay kho chiu khi mot noi

dung giai tri duoc trinh chiéu ngau nhién.

Nhu vay, hé théng giai tri va thong tin
duong nhu trd thanh nguoi ban dong
hanh hon la nhithg céng cu phuc vu cho
con nguoi hang ngay [4].

« Panh gia va nhan dang cam xdc con cé
thé dugc sir dung nhu mot phuong thirc
gidm sét sinh hoc, nham bd sung dé tu
danh gia, giam sat cac trang thai cam xuc
cta con nguoi. Két qua cua viéc giam sat
sinh hoc ¢6 nhiéu loi ich chang han nhu
mot phuong phap dé cai thién kha ning
giao tiép, hodc danh gia cac hanh vi cam
xuc c6 thé gay nhiing tac dong khong tich
cuc 1én con nguoi va xa hoi. Tir d6 co thé
dua ra nhitng phan ung va phuong phap
pht hop dé han ché, hoac cai thién no [5].

Nhu da trinh bay ¢ trén, c6 nhiéu
phuong phap duoc dung dé thu thap céc
théng tin tin hiéu cam xdc nhu tin hiéu y sinh
(nhip tim, huyét ap,..) hay céc yéu té nhu nét
mat, nhip diéu loi ndi, cir chi,... hay cac danh

gia khach quan tir chuyén gia, bac si [6]. MOi
phuong phép thu thap cac thong tin tin hi¢u
cam xuc ¢6 nhitng wu nhugc diém khac nhau.
Va trong bai bao nay, chung téi sé tap trung
vao phuong phép hién nay dang duogc tap
trung nghién ctru. Do 1a phuong phap st
dung céc loai cam bién sinh hoc dé thu thap
cac théng tin y sinh nhu: Pién co db
(Electromyography-EMG); Pién tim d
(Electrocardiogram-ECG) va Do dién dan
cua da (Electrodermal activity- EDA).
Phuong phép sur dung cam bién y sinh hoc c6
nhiéu wu diém ndi troi so voi cac phuong
phap khac. Vi thé cac thiét bi thu thap tin
hiéu st dung cam bién y sinh c6 thé duogc
nho gon hon nho vao céng nghé tich hop nhu
c4c thiét bi deo trén ngudi, tham chi la trang
suc, tao cho nguoi su dung cam giac riéng tu
hon cac phuong phap khac, khi nguoi Su
dung phai chiu “giam sat” boi camera hoac
c4c thiét bi ghi am, ghi hinh khéc. Tuy nhién,
dé ting do chinh xac d6i voi dit liéu thu thap
duoc trong nhan dang cam xtc, bai bao da st
dung thém k¥ thuat nhan dang cam xuc bang
hinh anh va d& xuat mé hinh két hop [7] [8].

Muc tiéu cua chang téi la thu thap cac
tin hiéu y sinh cia con ngudi trong cac diéu
kién khac nhau cua cudc soéng thuc dé tu
dong nhan dang cam xuc. Ching toi dé xuat
mot phuong phap dé nhan dang cam xuc dua
trén md hinh két hop trong d6 sir dung céc tin
hiéu y sinh va tin hiéu video. Trong phan 2
cia bai bao nay la nhitng trich dan cac
phuong phap nghién ctu nhim ting ty lé
nhan dang cam xuc dwa trén md hinh két hop.
Tiép dén phan 3, s& trinh bay va giai thich tat
Ca cac budc cia phuong phap dugc dé xuét.
Trong phan 4, so sanh giita két qua thu dugc
la ty Ié nhan dang cam xuc dya trén md hinh
don va mo hinh két hop ciing nhu v6i cac md
hinh nghién ctiu khéac. Cubi cung, két luan va
nhirng nghién ctru trong tuong lai dugc mo ta
trong phan 5.

2. TONG QUAN TINH HINH NGHIEN
CUU VE MO HINH NHAN DANG
CAM XUC
Mot hé théng nhan dang cam xdc nhin

chung déu dura trén ba budc co ban:
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e Thu nhan céc tin hiéu,
* Tinh nang khai thac cac thudc tinh,
* Viéc nhan dang cam xdc.

Mot s nghién ciru da tap trung vao viéc
nhan dang cam xGc bang biéu cam khuén
mat, biéu cam giong noi hoic tin hiéu sinh
hoc [9], [10], [11]. Tuy nhién, co6 it nghién
ciru tap trung vao dé xuat md hinh két hop
trong nhan dang cam xuc [12].

Ngoai ra, cach tiép can theo huéng s
dung mo hinh két hop khong chi giup ting ty
1€ nhén dang ma con tang thém do tin cay
cho h¢ thong khi ¢ su két hop da dang tur
nhiéu ngudn dit liéu khac nhau trong cac diéu
Kién moi truong khac nhau [13].

Vé ly thuyét, c6 ba phuong phap [14] dé
hop nhat cac tin hiéu tir cac cam bién khac
nhau:

« Mo hinh két hop cac tin hiéu y sinh:
dugc thuc hién truc tiép trén di liéu tho
tr méi cam bién tin hiéu y sinh; n6 chi
c6 thé duoc ap dung khi céc tin hiéu y
sinh nay c6 ban chat twong ty va c6 cling
do phén giai tin hi¢u. Do do, ky thuat
nay hiém khi duoc st dung vi khé hop
nhat cac tin hiéu véi nhau va dé bi nhiéu
do phu thudc vao do nhay cac cam bién.

« Mb hinh két hop cac thudc tinh [15]:
phuong phap nay thuong duoc sir dung
nham muc dich hinh thanh mét vector da
thirc tir cac vector thudc tinh duoc trich
XUt tir méi cam bién. Phuong phap nay
c6 loi thé 1a chi can mot giai doan hoc
tap duy nhat va két qua cua vector thudc
tinh 1a vector da thuc.

« M0 hinh két hop cac thudc tinh va mic
d6 ra quyét dinh nhan dang [16]: sau khi
duoc phan loai riéng biét tir mai tin hiéu
cam bién, day 1a cach hop nhat cac quyét
dinh nhan dang khac nhau dé co6 duoc
két qua nhan dang cam xdc cudi cung.

Trong pham vi bai bao nay, chung téi
trinh bay mot phuong phap nhan dang cam
xtc theo mé hinh két hop cac thudc tinh va
tuy dong nhan dang dua trén su két hop cua
cac mic do ra quyét dinh nhan dang nhu néi

trén va goi chung la mé hinh két hop trong
nhan dang cam xuc.

3. PHUONG PHAP NGHIEN CUU

Trong phan nay, chung t6i d& xuat mo
hinh két hop trong nhan dang cam xdc.
Nghién ciru nay gom cé 2 phan chinh la:

« Phan huan luyén cam xuc.
« Phén nhan dang cam xc.
3.1 Phan huin luyén cam xdc

Phan huan luyén cam xtc nay c6 3 khéi
Xt 1y chinh nhu mé ta ¢ Hinh 1.

« Khéi tién xt ly.
« Khéi trich thugc tinh.
« Khéi huan luyén dit liéu.

Két qua caia phan huan luyén cam xic sé
dugc st dung dé ty dong nhan dang duoc
cam xUc trong phan nhan dang cam xuc.

__.JL . Q
Tin hiéu Tién x(r ly Trich Huén luyén Vector
— > N .
thudc tinh cam xic thudc tinh

y sinh

Hinh 1. Nhitng khéi co ban ciia phan hudn
luyén cam xuc

3.1.1. Khgi tién xa ly

Pay 1a khdi thu thap tin hiéu y sinh thd
dau vao va duoc luu trit trong co so dir liéu
UTE-EMOTICA cita nhom nghién cuu
Truong Pai hoc Su pham Ky thuat — Dai hoc
Pa Nang. Chlng toi tach tin hiéu thd nay
theo chu ky cia mdi loai tin hiéu cam xc.
Tiép dén, tin hiéu nay s& dugc loc nhidu bang
cach str dung bo loc Hanning.

3.1.2. Khéi trich thugc tinh

Tin hiéu sau khi qua khéi tién xu ly s&
tiép tuc duoc xac dinh gia tri dinh cua tin
hiéu bang cach tinh toan d6 dbc cua tin hiéu
va sau d6 tim thay cac dau hiéu thay doi cia
d6 doc. Dé phat hién va tach mot dinh,
phuong phap duoc sir dung ¢ day la tinh toan
mot vector thudc tinh bao gom nim thudc
tinh do la: gia tri trung binh, phuong sai, gia
tri trung binh cua tin hiéu duoc loc, phuong
sai cua tin hiéu duoc loc va bién dd cua dinh.
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Dbi voi tin hiéu video, qua trinh trich
thugc tinh cam xuc dya trén théng tin khuon
mit bao gém 3 budc chinh. Budc dau tién 1a
buéc nhan dang khudn mit tir anh dau vao
trich tir tin hiéu video da quay, sau d6 thuc
hién cac phép bién ddi va can chinh khudn
mat str dung phuong phap Facial Landmark &
buéc 2. Va cubi cung dua qua mot mé hinh
dé trich xuéat di liéu.

Hai budc dau tién 1a nhan dang khuén
mat va can chinh khuébn mat dong vai tro
quan trong cho budc cuoi cung.

O budc 1, ching t6i st dung md hinh
MTCNN (Multi-Task Cascaded
Convolutional Neural Network) [17] & md
hinh cho két qua tét nhét trong bai toan nhan
dang khudn mat. M6 hinh MTCNN bao gém
3 mang CNN la: P-Net, R-Net va O-Net nhu
trong Hinh 2. Két qua dau ra bao gém hinh
chir nhat (con goi la bounding box) chua vi
tri khuén mat va 10 diém nhan dang (con goi
la landmark) caa khuén mat. Chung téi chi
sir dung két qua bounding box cho budc tiép
theo.
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Hinh 2. Mang No ron tich chdp da nhiém

O budc tiép theo, sau khi nhan dang
khubn mat, can chinh khuén mat dugc su
dung trudc khi dir liéu duoc di qua budc trich
thugc tinh ¢ budc cudi cung. Hé théng trich
Xuat thdng tin trén khudn mat phu thudc rat
I6n vao goc nhin cua ngudi ddi véi camera,
vi thé buéc can chinh khudn mat nay rat
guan trong [18] la thuc hién can chinh khuén

mat nhu nhin tryc dién vao camera. Budc
nay s& trich ra 194 diém landmark trén vj tri
khuon mat, nhung chi chon ra 10 diém
landmark. Tuy nhién, chdng t6i khéng su
dung két qua landmark dwoc tao ra béi mang
MTCNN.

48x48x3 Input
2x(Conv 3x3x64, stride =1)
Maxpooling 2x2, stride =2
3x(Conv 3x3x128, stride =1)
Maxpooling 2x2, stride =2
3x(Conv 3x3x256, stride =1)
Maxpooling 2x2, stride =2

3x(Conv 3x3x512, stride =1)
Maxpooling 2x2, stride =2

Flatten
FullConnected(128)

Hinh 3. Kién tric mang CNN trich thugc
tinh cam xdc

O budc cudi cung, vector 128 chiéu
duoc trich ra tu dix liéu da duoc can chinh va
lam thuoc tinh cua dit lieu khudn mat. DBé
trich thugc tinh mot mang CNN 6 16p duoc
st dung va da duoc huan luyén véi co s dir
liéu vé cam xtc Kaggle nhu Hinh 3.

3.1.3. Khéi nhgn dang cém xuc

Nghién ctru nay dugc thuc hién thu thap
dir lieu dua trén 7 loai cam xtc dugc gan
nhan la (0=Angry, 1=Disgust, 2=Fear,
3=Happy, 4=Sad, 5=Surprise, 6=Neutral).
Chuing t6i chon 280 mau tin hiéu cua 7 loai
cam xuc néu trén trong co sO& dir liéu
UTE-EMOTICA.

Tai tung frame, 5 thudc tinh duoc trich
ra tir 1 tin hiéu y sinh. Nhu vay c6 tong cong
15 thude tinh dwgc trich xuat tir 3 loai dit ligu
y sinh. Két hop véi thudc tinh 128 chiéu tir
dir liéu video, ching toi ¢ vector 143 chiéu
va s& dugc st dung dé huan luyén hay nhan
dang.

Sau khi trich thudc tinh, giai thuat SVM
(Support Vector Machine) tuyén tinh duoc st
dung dé huan luyén mé hinh. SVM dugc sir
dung rong rdi trong bai todn nhan dang va
phén loai.

Phuong phap SVM phan cac 16p dix liu
véi muc tiéu la tim mat phan céach sao cho
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bién (con goi 1a margin) tim duoc la lon nhét,
dong nghia véi viéc cac diem dir ligu an toan
nhat so vai mat phan céch [19] [20].

3.2 Phan nhan dang cam xuc

Trong budc nhan dang, vector thuoc tinh
duoc trich xuét tir cac dit liéu tin hiéu y sinh
dau vao va tin hiéu video duoc trich xuét.
Nhitng tin hiéu nay da duoc phan loai bang
md hinh SVM va di dugc hoc trude do. Két
qua tra lai cua qua trinh phan loai la nhan cua
trang thai cam xuc tuong ung.

4. KET QUA NGHIEN CUU
4.1 Co sé dir lieu UTE-EMOTICA

Trong co so dir liéu nay, ching t6i da
xay dyng nhu sau:

« Sir dung 3 cam bién y sinh 1a: EMG,
ECG, EDA va céc‘tl’n hiéu video ghi lai
kKhubn mat ngudi bang camera.

» 7 cam xuc dugc do la "Angry, Disgust,
Fear, Happy, Sad, Surprise, Neutral".

* D¢ dai cua méi mau tin higu cam xdc
dugc thu thap trong ndm phat moi ngay
cuiia moi nguoi.

« Tién hanh do trén 20 nguoi, do tudi 1a
21-23, gigi tinh nam.

- Thoi gian tién hanh do lién tyc trong 6
ngay (tur thir Hai dén thar Bay).

Trong qua trinh chon loc tir cac mau tin
hiéu thu duoc, chiing t6i di chon ra 280 mau
c6 chéat lwong tot dé thuc hién viéc huin
luyén va nhan dang cam xdc.

~ Hg théng phan cing sir dung dé thyce do
lay so liéu dugc thuc hién theo so do sau:

BC6 = Bimaline

Board

UART _| Expansion USB -COM

Board

EMG —>

Moodmetric | g'—_E_> BLE Central |[USB -COM pC

—>
EDA Ring Board

Face —>| Camera

Hinh 4. So dé hé thang phan citng dé thu
thap da lieu.

4.2 Két qua dat dwoc

Cac két qua duoc mo ta trén biéu dd bén
du6i (Hinh 5) bang cach sir dung cac mo
hinh don cua ting loai cam xtc. Céch tiép
can nay cho phép cé ty I¢ nhan dang trung

binh 14 63,52%.
70
60
50
40
30
20
10
0
Sad Surprise Neural

Angry Disgust Fear Happy

EMG ®ECG mEDA

Hinh 5. Ty I¢é nhan dang tin hi¢u cam xuc
Cua mo hinh don

Tu phén tich dir liéu trong Hinh 5 cho
thdy mot sé cam xuc nhit dinh dwgc nhan
dang t6t hon véi mdi loai cam bién y sinh
nhat dinh so véi cac loai cam bién khac khéc.
That vay, phuong thirc st dung EMG cho
phép nhan dang tét hon véi cac cam xuc "
Angry" va "Disgust", trong khi phuong
thc st dung ECG nhan dang t6t hon céc
cam xuc “Disgust” va “Surprise”. Phuong
thirc sir dung EDA lai cho phép nhan dang tot
hon nhitng cam xuc “Angry” va "Fear".
Nhitng dic diém nay la rat quan trong boi
diéu nay s& gilp ching ta lya chon phuong
thirc nhan dang cam xuc phu hgp nham muc
dich nhan dang va phan biét cam xdc hiéu
qua hon.

Bén canh do, dé cai thién ty 1é nhan dang
tin hiéu cam xdc trung binh so vai md hinh
don. Ching t6i d¢ xuat 2 mé hinh la:

M@ hinh 1: ¢6 hai tin hiéu y sinh hoc
(EMG va ECG) va tin hiéu video trich xuat
khuén mat.

Mo hinh 2: ¢6 ba tin hiéu y sinh hoc:
EMG, ECG va EDA va tin hiéu video trich
xuat khuén mat.

Sau d6, dé tang ty I¢ nhan dang cam xc
ching toi ap dung md_hinh ket hop (nhu
dugc trinh bay trong phan 2). That vay, cach
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tiép can st dung md hinh két hop nay cho
phép co ty 1€ nhan dang trung binh la 74,3%
véi md hinh 1 va 83,2% véi mo hinh 2. Day
la mot su cai thién dang ké vé ty 1& nhan
dang so voi phuong phap khong theo mo
hinh két hop c6 ty 1& nhan dang trung binh
chi dat 63,52 %. Két qua so sanh hai mé hinh
nay duoc biéu dién chi tiét hon trong Bang 1.

Bdang 1. Ty I¢ nhgn deng cua hai md hinh

Loai tin hi¢u Ty 1€ nhin dang tin hiéu cdm xic

cam xuc M6 hinh 1 Mo hinh 2
Angry 86.02 94.11
Disgust 77.63 89.89
Fear 62.4 73.2
Happy 69.6 80.3
Sad 71.67 77.45
Surprise 80.2 87.4
Neural 72.6 79.89

Céc két qua dugc trinh bay trong Bang 1,

cho thay ty 1¢ nhan dang trung binh cua ting
loai cam xUc trong sé bay cam x(c néu trén
v6i mac thap nhat 1a 62,4% thu duoc cho
cam xOc "Fear" va t6i da cho cam xic
"Angry" dat duoc ty 1€ nhan dang la 94,11%.
Trong mot sé cac két qua nghién cau khac:
tac gia Imen [21] da st dung 4 loai cam bién
y sinh 1a EMG, RESP (Respiratory - do nhip
tha), BVP (Blood Volume Pulse — do thé tich
mau), GSR (Galvanic skin response — do dan
dién cua da) da dat duoc két qua nhan dang
cam xuc la 71 % trong nhan dang 5 loai cam
xuc la “neutral, pleasure, unpleasant, joy,
reviviscence”. Bén canh do, trong nghién ctiru
ciia Chaka Koné va ddng tac gia [22] da s
dung md hinh két hop 4 loai cam bién EMG,
RESP, GSR, BVP dat dugc 81.69 % cho
nhan dang 8 loai cam xuc la "no emotion,
anger, hate, grief, platonic love, romantic
love, joy and reverence”. Nghién cuu cua tac
gia Santamaria-Granados va cac dong tac gia
sir dung 3 loai cam bién két hop 14 ECG va
GSR dé nhan dang 2 cam xuc 1a “arousal” va
“valence” c0 ty 1é nhan dang la 76%. Bang 2
s& thé hién su so sanh véi cac két qua nghién
ctu khéc trong nhan dang cam xdc.

Bdng 1. D6 chinh xac cac mé hinh két hop

Ty 1€ nhin dang
Phuong phap nghién ctru |tin hi¢u cam xic
(%)
Nghién cuou cua tac gia
Santamaria-Granados va 76
dong tac gia [23]
Mo hinh két hop sir dung 4 1
loai tin hi¢u y sinh [21]
Nghién ctru cua Chaka Kone 8169
va dong tac gia [22] '
Mo hinh két hop dé xuét (mo
hinh 2) st dung co so dir li€u 83.2
UTE-Emotica

5. KET LUAN VA HUONG PHAT

TRIEN CUA DPE TAI

Chung t6i dé xuat mot phuong phap cai
thién ty I¢ nhan dang cam xdc trung binh
theo méd hinh két hop dwa vao muc d6 ra
quyét dinh trong d6 st dung cé4c tin hiéu y
sinh va tin hiéu video. Nhirng tin hiéu cua hai
mo hinh 1 va 2 nay da dugc &p dung dé nhan
biét 7 cam xtic co ban (Angry, Disgust, Fear,
Happy, Sad, Surprise, Neutral). M6 hinh d¢
Xuat ctia chung toi da thyc hién nhan dang
dua trén thuat toan may hoc. Cac két qua so
v6i cac nghién ciu khac nhau thé hién mot
sy cai thién déang ké trong ty Ié nhan dang
cam xuc trung binh. Trong twong lai, ching
t6i s& ting s6 lwgng mau tin higu cho co sé
dix liéu UTE-EMOTICA sir dung céc loai tin
hiéu (gém tin hiéu y sinh va tin hiéu video).
Pong thoi, ching tdi s& cai thién thuat toan
nhan dang cam x(c nhim ting ty & nhan
dang cam xuc trung binh cua hé thong.

LOI CAM ON
“Nghién ctru nay duoc tai trg boi Quy

Phét trién khoa hoc va cong nghé Pai hoc ba
Nang trong d¢ tai co mé so B2017-bN06-03”

“Nghién ctru nay duoc tai tro boi Quy
Phat trién khoa hoc va cong nghé Truong Pai
hoc Su pham Ky thuat — Pai hoc Pa Nang
trong d¢ tai c6 ma s6 T2018-06-86”
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