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Trong bai bdo nay, tac gid sir dung mang no-ron tich chdp, mét trong nhitng kién tric
phé bién cua hoc séu dé nhdn dién va phan logi cam xuc khuon mat. Mot cach téng quat, cac
mang no-ron dwoc chon ¢é cdu triic phirc tap va cé tham sé I6n, tdc gid tdp trung vao viéc
xay dung mot mang no-ron don gian hon va phu hop véi bo dir liéu thong qua phwong phadp
so sanh va danh gida. Ngoai ra, tdc gia cing tdp trung vao viéc thu thap mot tdp dir lieu du lon
dé dat két qud cao. Cu thé, tac gia lwa chon sir dung nén tang phan cung nhung Jetson TX2
ciia NVIDIA dé tin dung kha néng tinh todn ciia GPU nham t6i wu thoi gian tinh todn va
hudn luyén dir liéu. Trong do, dir liéu duwoc su dung la FER2013 va RAF dé hudn luyén va
kiém tra. Phwong phap sw dung da dat dwoc do chinh xac 72% trén tap du liéu kiém tra.

Tir khoa: Nhan dién; cam xuc khuon mat; mang no-ron; CNN, Jetson TX2.
ABSTRACT

In this paper, a convolutional neural network (CNN), one of the most popular deep
learning architectures used for facial extraction research, has been implemented on NVIDIA
Jetson TX2 hardware. Different from many existing approaches investigating CNN with
complex structure and large parameters, we have focused on building a robust neural network
through extensive performance comparison and evaluation. In addition, we have collected a
dataset using a built-in camera on a laptop computer. Specifically, we have applied our model
on Jetson TX2 hardware to take advantage of the computational power of the embedded GPU
to optimize computation time and data training. In particular, both FER2013 and RAF
datasets with seven basic emotions have been used for training and testing purposes. Finally,
the evaluation results show that the proposed method achieves an accuracy of up to 72% on
the testing dataset.

Keywords: recognition; facial emotion, neural network; CNN, Jetson TX2.

nha nghién clru trong va ngoai nudce. Trong

1. GIOI THIEU . ,
) [1], nhom nghién ctu thude trudong dai hoc

Trong cic hé thong thong minh hd trg
tuong tac nguoi dung, qua trinh thu thap dir
liéu va danh gid hanh vi cua khach hang la
rit can thiét, viéc nay doi hoi hé thong co
thé ghi nhan dugc trang thai cdm xuc cua
khach hang thong qua nhan dién cam xtc
khuon mat 1a hét sic can thiét. Thuc vay,
cac phuong phap va hé théng nhan dién cam
xuc khudng mat dugc sy quan tdm cua nhiéu

Doi: https://doi.org/10.54644/jte.63.2021.38

Nanchang, Trung Qudc di 4p dung kién tric
mang no-ron tich chdp, mang VGG, va dat
dugoc d6 chinh xac 73.06%. Mang VGG
dugc xem la c6 hiéu qua cao mic du céd cAu
trac don gian hon so v&i nhiéu kién tric
mang CNN khac nhung lai ¢6 s6 lugng tham
s6 nhiéu hon va tang chiéu siu hon ¢ mbi
16p. Mang VGG c6 kich thude kha 16n va
nhiéu tham sé (136 triéu) nén s& ton rat
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nhiéu thoi gian hudn luyén dir liéu. Bén
canh do, trong [2], cac tac gid da xay dung
ung dung nhan di¢n cam xuc khuoén mat ctua
sinh vién sir dung CNN v6i do chinh xéac dat
duoc 12 70%. O trudng dai hoc Ha Noi, Viét
Nam, m{t nhém nghién cuu da trién khai
mot dang kién trac khac cia CNN d6 la
BKStart v6i khoang 7.17 triéu tham sd
nhung van dat duoc do chinh xac kha cao
(70,4%) trén FERC2013 dataset [3].
BKStart khac v6i VGG bang viéc st dung
cac kernel co kich thudce 16n hon tuy nhién
lai st dung stride bang 1 dé tang hiéu qua
trich xuat dic trung. Tac gia ciing di ap
dung mang No-ron tich chdp CNN, mdt
trong nhiing kién triic pho bién trong hoc
sau, dé nhan dién cam xtc con nguoi.

Bén canh sy phat trién cta cac thuat toan,
mot yéu td quan trong khac d6 chinh yéu t6
phan cimg. Mot nhém nghién ciru ¢ Luén
don, Vuong Qubc Anh ciing dd tién hanh
thuc hién thiét ké két hop vé6i phan cing
Xilinx Spartan-6 LX45 FPGA cho h¢ thong
nhan dién cam xtc khudn mit [4]. Véi phan
cing FPGA, toc do xtr Iy da duogc cai thién
dang ké, c6 thé dat dugc duoc 30FPS. Tuy ¢o
thé cai thién dugc kha nang tinh todn nhung
lai khong thé ap dung duogc cac thuat toan
phirc tap nén dan dén d6 chinh xac con kha
thiap 51.28%. Phan clmg Jetson TX2 dugc
lra chon dé thuc hién mo hinh nhén dién cam
xuc nay. Jetson TX2 da duogc tich hop vao do
cac 16i CUDA cung véi hé thong GPU mang
lai tbc d6 xur 1y cao [5]. Ngoai ra Jetson TX2
dap mg dugc hau hét cac yéu cau khit khe
vé thoi gian thyc nhung lai mang mot kich
thudc nho gon, dé dang lap dat [6].

Téac gia thuyc hién mo hinh nhéan di¢n
cam xuc khudén mat ngudi st dung mang
No-ron tich chap CNN trén phan cimng
nhung Jetson TX2 véi cac muc tiéu, phat
trién mo hinh nhan c6 kha nang nhan dién 7
loai cam xuac: vui, budn, kinh tom, ngac
nhién, binh thuong, s¢ hai va gian dir cua
con ngudi. Mo hinh dugc xay dung trén mot
hé thong nhung riéng biét (Jetson TX2) va
6 thé dat dugc d6 chinh xac cao (trén 70%
cho ca qua trinh phat hién khuén mat nguoi
va nhan dién cam xuc).

2. TAPDU LIEU

Cam xuc cua con nguodi la muodn hinh
van trang. Mdi ngudi diéu c6 mdi cach bay to
cam xuc cta minh khac nhau. Chinh vi thé,
dit liéu can dé huin luyén cho mo6 hinh nhan
dién cam xac khuon mat ngudi 1a rat 16n.
Trong dé tai nay, tap dir licu FER2013 duoc
lya chon st dung, mot phén tap dir liéu RAF
va cac dir liéu dugc thu thap tir internet. Hinh
1 12 tdng quan toan bo tap dir liéu va cach xir
ly tirng loai dir liéu dé dua bai toan nhan dién
cam xUc:

Tap dir lidu RAF Di ligu mdi thu thap

(g) Y0 intemet Tép dir liéu fer2013

Y Y Y

Phan loai va dan
nhan dir liéu

Loai b6 anh khéng

Tién xr Iy phai mat nqudi

y

Tign xur Iy

Y

A~

»  Dataset (.csv)

Hinh 1. Tép dir liéu hudn luyén
2.1 Tap dix litu FER2013

Tap dir lieu nguon md FER2013.csv,
duoc tao ra cho mdt du an boi PierreLuc
Carrier va Aaron Courville, dugc chia sé
cong khai trong cugc thi Kaggle (2013).

Dir liéu trong tdp FER2013.csv Bo dir
lidu nay bao gom 35.887 anh xam: hinh anh
khuon mit kich thudc 48x48 pixel tir nhiéu
goc do khac nhau. Hinh 4nh dugc phan loai
thanh mot trong bay 16p thé hién cam xuc
khudén mat khac nhau, tat ca duoc gan nhan
tr 0 — 7 (0 = Gian dir, 1 = Ghé tom, 2 = S¢
hai, 3 =Vui vé, 4 = Buén, 5 = Ngac nhién, 6
= Binh thudng). Gom 8.989 anh ‘Happy’,
6.077 anh ‘Sad’, 6.198 anh ‘Neutral’, 4002
anh ‘Suprised’, 5121 anh ‘Scared’, 547 anh
‘Disgust’ va 4593 anh ‘Angry’ [4].

2.2 Tap dir liéu RAF

RAF-DB (Real-world Affective Faces
Database) 1a mot tap dir li¢u lon gom 15000
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hinh anh khudn mat véi nhiéu loai biéu cam
khac nhau dugc thu thép tr internet. Hinh
anh trong tap dir liéu co su thay dbi 16n vé
tudi tac, dan toc, tur thé dau va diéu kién anh
sang va da dang vé phong cach (mang kinh,
doi non) [5].

Tap dir liéu RAF
(-irg)

Y

Phan loai va dan
nhan dir liéu

Y

Tién xur ly

Y

Dataset (.csv)

Hinh 2. Qua trinh xu ly tap dir lieu RAF

Hinh 2 cho thiy qua trinh xur 1y tap dir
liéu RAF ma nhom thirc hién dé dua tap dir
liéu nay vao tap dir liéu chung. Ban dau, tap
dr liéu la tap hop nhiing hinh dnh cam xuc
khuon mét ngudi chua duge phan loai va mat
tép .txt chura dir li€u phan loai (tén anh, nhan
cam xuc). Tur d6 nhém phan loai ra tung thu
muc cam xtc khac nhau. Tién xir 1y hinh anh
(chuyén anh sang anh xam va giam kich
thudc anh vé 48x48), chuyén anh vé dang
pixel va cdp nhat vao file Dataset (.csv).

3. PHAN CUNG JETSON TX2

Jetson TX2 la mft may tinh nhing co
hiéu qua nang luong cao cia NVIDIA dugc
st dung rong rai cho thi gidc may tinh, tri tué¢
nhan tao, may hoc. Jetson TX2 1a mdt may
tinh nho nhung khéd manh mé. TX2 c¢6 2 CPU:
ARM Cortex-A57 (4 161) 2GHz va NVIDIA
Denver2 (161 kép) @ 2GHz [6]. Ngoai ra, &
mot may tinh cia NVIDIA, GPU la 1 thanh
phan khong thé thiéu véi Pascal 256 16i 1300
MHz. B¢ nhé 8Gb dugc chia s¢ gitra CPU va
GPU. Tét ca nhiing tac vu tinh toan c6 thé

tiéu thu chi 7,5W ning luong. Pay 1a phan
cung tot dé thuc hién cac giai thuat hoc sau
trén nén tang h¢ thong nhung [7].

NVIDIA GPU ROADMAP

PASCAL 3X BANDWIDTH o
4 Volta
’ Pascal
Mixed Precision
3D Memory
NVLink

S, |

NVIDIA

Hinh 3. Qud trinh phdt trién GPU ciia
NVIDIA. [§8]

Hinh 3 cho thiy qua trinh phat trién 15i
GPU cua NVIDIA déac biét 1a sy dot pha cua
NVIDIA Pascal ra mit vao nam 2016 va sau
d6 da duoc dem vao trong kién triic ctia phan
cung Jetson TX2.

4. MANG NO-RON TiCH CHAP

Mang CNN dugc xdy dung trén ngon
ngtr Python va st dung thu vién Keras. Mang
CNN duoc xay dyng gdm sau 16p tich chap,
ba 16p Max-pooling va cudi cung 14 hai 16p
Full-connected. S lugng filter trong mg 1an
luot 1a 32, 64 va 128. Kich thudc cua filter
3x3 va lép Max-pooling c6 kich thudc stride
la 2x2. Lop Max-pooling dugc su dung sau
moi hai 16p tich chap. Max pooling dugc
dung de giam kich thuéc ma tran nhung van
lam noi bat 1én duge dic trung co trong ma
tran dau vao va giam thiéu cong viéc tinh
toan cho phan cimg [9].

Sau mdi 16p Max Pooling s& c6 mot 16p
Drop Out nham giam hién tuong overfitting
bang cach loai bo ngiu nhién mot sb unit.

Dé giir duge kich thudc khong gian cia
ngo ra, cac zero-padding dugc thém vao. Sau
khi qua cac 16p tich chép, ngé ra s€ qua
Flatten tro thanh vector 1 chiéu dé dua vao
16p dense (hay 16p full connected).

Ham kich hoat dugc st dung trong mang
CNN la Leaky Rectifier Linear Unit (Leaky
ReLU) theo cong thuc sau [10]:

f(x) = max(x, ) (1)
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Gia tri 20 duoc su dung theo tap
validation cua FER-2013 [11]. Tt cong thic
(1), gia tri tra vé thay vi bang 0 khi x < 0
nhu RELU, leaky RELU s¢ tao thanh duong
dbc véi gia tri giam vé nho hon 0. d mang
no-ron, két qua dau ra can duoc chuin hoa

sang dang phan traim dé dyu doan giira cac 16p.

Khi d6 16p cudi cung cua mang CNN 1a 16p
Softmax v&i 7 ngo ra.

e’k
a, =

@

Voi a; 1a ti 1¢ du doan 16p tht k, n 1a

tong so 16p duoc du doan (7 cam x10c) va z;
1a h¢ so cua cac node trude cho 16p thu k.

Thuat toan su dung dé cap nhat trong $6
cua mang CNN la Adam. Thuat toan Adam
ndi trdi hon mot sd thuat toan khac boi kha
nang vuot qua vung local minimum va dat
t6i diém t6i wu nhat (flat minimum). Mot dic
diém & thuat toan Adam d6 chinh 14 kha ning
tan dung “dong luc” dé hoi tu nhanh hon.
“DPong luc” chinh 1a kha nang tdn dung mdt
sO phan trong lan cap nhat trong s6 trude dé
cap nhat cho trong s hién tai [11].

Két qua cudi cung cia model can duoc
danh gia dé biét hiéu qua cta qua trinh
training dir liu. O ddy ham mat mat chinh la
cong cu dé thuc hién didu d6. Him mat mat
st dung trong bai bio nay la ham
“categorical _crossentropy”.

n ~
L=- Zi:l(yi * Log(yl)): (3)

V6i L 1a ky hiéu ciia ham mét mat, y; 1a
ket qua thuc va y; la két qua du doan. Biéu
thire (3) chinh la ham tinh sai s6 dugc ap
dung pho bien va dugc su dung dé v& do thi
danh gia két qua cuoi cung.

Ngoai ham méat mat, viéc danh gia model
cling c6 thé dua vao dg chinh xac:

S6 lwong dw doan chinh xac

D6 chinh xac = 4)

Bicu thirc (4) 1a bicu thic tong quat dé
tinh do chinh xac, dugc st dung dﬁ tinh do
chinh xéac cho qua trinh danh gia két qua cua
hé thong.

S6 lwong dwoc duw doan

Sgd:

model accuracy
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.
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Hinh 4. So sanh gitta mot 6 thudt todn toi wu.

Hinh 5 cho thiy sy khac nhau trong qua
trinh huan luyén dir lidu gilta cac b
optimizer khic nhau bao gom Adam,
Adagrad va Sgd. Rd rang, tir hinh 4 cho thay
thudt toan Adam cho két qua v6i do chinh
xac khé cao so v&i Sgd va Adagrad. Trong
khi @6, qué trinh huén luyén dir li¢u cua Sgd
va Adagrad lai cho thay sy giao dong kha 16n
& nhimg epoch dau tién. Hinh 5 trinh bay
tong quat toan bo kién tric mang CNN.
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Conv2D
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Hinh 6. Két qud ’nhdn dién cia 2 kién tric
mang CNN pho bién, VGG16 va Big Xception.

Bang 2 trinh bay két qua so sanh giita
cac thong sd anh huong két qua huin luyén
dir liéu. Bi véi mdi thong s6 khac nhau s&
phu hop véi mot by dataset va model khac
nhau. Do d6, viéc lya chon thong sé 13 can
thiét dé c6 thé dat dugc hiéu suat tot nhat
trong qua trinh huan luyén dir lidu.

Bdng 2. Bang so sanh do chinh xdc khi thay
doi cac thong so

e , Phin Jetson | Jetson | Jetson | Jetson | Jetson | Laptop
Hinh 5. Cdu truc mang CNN cfrsg (GPU) | (GPU) | (GPU) | (GPU) | (GPU) | (CPU)
TI'Ol’lg bél’lg 1 chl'mg t61 SO Sél’lh két ql,lé optimizer | Adam adam adam adam adam Adam
nhén dlél’l dat dlIO'C glﬁfa klén trlElC CNN Learning 0,01 0.001 0.0001 | 0.001 0.001 0.001
: : <o N z r s , rate
ConvNet V2 v6i mot sO mo hinh CNN khac.
Batch 64 64 64 32 128 64
Bdng 1. So sanh do chinh xadc giita cac kién e
’ Thai 8 gio 8 gio 12 gio 10 gio 7 gic 16 gio
truc CNN gia(ry1 train ’ ’ ’ ’ ’ ’
Model Accuracy Param Acc 025 | 069 | 069 |068 |068 | o068
Simple CNN 0.6291 0.64 Loss 18 091 |o091 |09 |09 |09
Simpler CNN 0.6356 0.6 5. KET QUA PANH GIA
Tiny Xception 0.6236 0.02 Viéc danh gida model dugc st dung sé
Mini Xception 0.6586 0.06 duva trén d§ chinh xac cua tap Validation va
Big Xception 0.6606 021 tap’ te§t. HlnlA’l 7 chf) thaly fiA(_) ch~1nh3<ac cua
qué trinh huan luyén dir liéu da hoi tu sau
VGG 16 0.6656 20.86 khoang 85 epoch va dat dugc do chinh xéac
ConvNet V1 0.6803 5.01 trén tap test 1a 72%.
ConvNet V2 0.72 9,74 model accuracy

Déi véi vac model ¢ lugng Param thip
nhu Mini Xception nhung lai dat dugc do
chinh xac tot. Tuy nhién van chua dat duoc
muc tiéu dé ra. Béi v6i model VGG 16 co
luong tham sb cao nhung ddi voi dataset co
kich thudc kha nho khién model nay dé dan
dén hién tuong overfitting. Hinh 6 trinh bay
két qué nhén di¢n cua 2 kién trac mang CNN
phd bién, VGG16 va Big Xception, voi do
chinh x4c 1én td1 66%.

—— ftrain
— test

0.7 1

o
EY
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accuracy

o
w
s
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0.3 4

T T T T T T T
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Hinh 7. Do chinh xdc trén tdp train va tdp test.
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Véi su hoi tu cua d§ chinh xac, hinh 8
trinh bay sai s6 ciia model trén tap test
validation va tap train cling da hoi tu sau
khoang 90 epoch.

model loss
— frain
2.0 test
1.8 1
1.6 4
» 14
v
=}
1.2 4
1.0 4
‘\\\-
081 \
0.6 q
T T T T T T T
0 20 40 60 80 100 120

epoch

Hinh 8. Sai s trén tdp train va tdp test

Confusion matrix 12 mot cong cu hitu ich
trong cac bai todn phan loai vdi viée xem xét
ca nhitng chi sé vé d6 chinh xac va do bao
quat cua cac du doan cho tung 16p.
Confusion matrix trong bang 3 cho thiy két
qué ctia qua trinh danh gia thuc té va két qua
du doan cua mo hinh.

Bdng 3. Confusion matrix

Bing 4. Két quad nhdn dién trén nhiéu diéu
kién khdac nhau

, th)ang Khoang A,nh £ Anh
Cam cach . sang Thiéu .
, - cach . . sang
xuc dudi N binh sang I
trén 1m \ choi.
Im thuong
Biflh 57/60 60/60 57/60 33/60 | 19/60
thuong
Vui 53/60 31/60 53/60 34/60 | 14/60
Budn 47/60 7/60 47/60 22/60 | 13/60
Gian 23/60 6/60 23/60 16/60 | 12/60
Kh.é 37/60 3/60 37/60 13/60 | 12/60
Chiu
Lo s¢ 31/60 2/60 31/60 12/60 | 11/60
Neac | 5060 | a0 | s0/60 | 10/60 | 13/60
nhién

Actual Predict emotion

emotion angry | disgust | fear | happy | sad suprise | neutral
angry 510 35 57 72 157 104 13
disgust 9 81 2 3 2 11 2
fear 60 16 504 74 132 173 109
happy 4 0 9 1658 | 82 19 23
sad 22 2 53 83 978 98 36
suprise 62 6 99 70 308 614 17
neutral 5 1 70 46 21 11 655

Dua trén két qua thu dugc tir tap test, 16p
Angry dat dugc do chinh xac xap xi 53%,
Disgust dat 73%, lop Fear dat 54%, 16p
happy dat 92%, 16p Sad dat 77%, lop
Surprise dat 52% va 16p Neutral dat 80%. Ba
l6p Angry, Fear va Surprise dat hiu sut
thap nhat va 16p Happy cung vo6i 16p Neutral
dat hiéu suat cao nhat.

bé danh gia model, Kkét qué‘ thuc nghiém
dugc xem xét trong nhiing di€u kién khac
nhau nhu dugc 1iét ké trong bang 4.

Duya vao bang 4 ¢ thé thay két qua nhan
dién dé bi anh hudéng boi cac diéu kién khéc
nhau. Trong d6, khoang cach cang xa hoac
do sang khong du dé lam giam do chinh xac
cia mo hinh nhan dién. Tuong tu, trong diéu
kién thiéu sang hodc qua sang mo hinh cho
thiy két qua nhan dién khong tot. Hon nira,
d6i v6i khoang cach xa, két qua phat hién
khuon mit sé& bi anh huong dang ké, phan 16m
do d6 phan giai cia camera kha thap khién
nhimg birc anh xa c6 s6 lugng dic trung thip
anh huong téi két qua nhan dién.

Hinh 9 va hinh 10 twong Gng cho thiy
két qua nhan dién dung va két qua nhan dién
sai trén tap dir ligu test cuia FER2013 vdi
khoang hon 7000 chiém khoang 20% tap di
liéu cua FER.

Original emotion: Neutral
Predicted emotion:Neutral

I.- n]

Original emotion: Happy
Predicted emotion:Happy

']

- _ | m—
Ornglnal emotion: !Ll!prlse

Predicted emotion:Surprise

original emotion: =
Predicted emotion:Surprise

Original emotior Original emotion: Angry

Predicted emotion:Angry

: Fear
Predicted emotion:Fear

Hinh 9. Két qua nhdn dién ding trén tdp
datasest



Tap Chi Khoa Hoe Gigo Duc Ky Thugt Sé 63 (04/2021) I8

Trwong Dai Hoc Sw Pham Ky Thudt TP, Hé Chi Minh

Original emotion: Sad
Predicted emotion:Angry

Original emotion: Fear
Predicted emotion:Surprise

Original emotion: Fear
Predicted emotion:Surprise

Ong'in'a' emotion: Surprise
Predicted emotion:Fear

riginal emotion:
Predicted emotlon Angry

Original emotion: Neutral
Predicted emotion:Happy

Hinh 10. Két qua nhan dién sai trén tdp
dataset

Hinh 11 minh hoa mét sé két qua nhan
dién 7 loai cam xic tuong ng béng cach st
dung truc tiép camera dugc tich hop sén trén
phan cimg Jetson TX2.

6. KET LUAN

Trong dé tai nay, tac gia da trién khai
mot mdé hinh mang No-ron tich chap CNN
trén nén tang phan cing nhung Jetson TX2
dé nhan dién 7 loai cam x{c co ban cta con
nguoi, voi d§ chinh xdc cua moé hinh dat
duoc 72%. M6 hinh nhan dién dugc cam xtc
ctia khuon mit trong diéu kién ving khudn
mit sang, khuon mit khong bi che khuit,
huéng khudn mit nhin thang va nhin nghiéng

Hinh 11. Mt s6 hinh anh nhén dién thuc té.

45°. Ty I¢ nhan dang chinh xac cac cam xuc
vui vé, ngac nhién va binh thuong kha cao,
cam xtac budn va gian dir ¢ ty 1& du doan
thap, riéng v&i cam xuc ghé tom ty 18 du
doan 1a thap nhét. Viéc sir dung phan cing
nhiing Jetson TX2 (GPU) cho thay téc do xir
1y nhanh hon déng ké so voéi laptop (CPU).
Tuy nhién, s6 lugng hinh anh trong tap dir
ligu gitra cac 16p co su chéch Iéch qua 16n,
16p kho chiu co it dir liéu nhat (1424 anh)
trong khi d6 16p vui c6 nhiéu dir liéu nhat
(14946 anh) trong tong sd 51226 anh, diéu
nay din dén sy mat cin bang dit liéu gitta cac
16p. Tir d6 c¢6 sy anh huong rat 16n dén do
chinh x4c cua hé thong.
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