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Tém tit: Thanh cong cia cic mé hinh Transformer dd cho thdy hiéu sudt xudt sdc
trong cdc nhiém vu xu ly ngon ngit tyw nhién (NLP) da dwoc mo rong sang linh viee thi gidc
may tinh véi cdc kién triic Vision Transformers (ViTs), dem lai két qua twong dwong hodc
vieot troi so voi cac mang noron tich chdp (CNN) truyén théng trong cac nhiém vu nhu nhan
dang hinh anh va phat hién doi tuwong. Bién thé ConvNeXt V2, mét mé hinh cdi tién tir kién
triic ResNet va ké thira cdc diém manh cua kién tric ViTs nhw cdu triic phdn cdp cdc 16p
noron va co ché ma héa tw dong FCMAF nham mang lai hiéu sudt cao va mé hinh don gian
hon. Trong khi @6, nhdn dang biéu cam khuén mdt (FER) van la mét thach thire doi véi cdc
mé hinh do hinh anh trong thiee té bi cdc yéu to6 nhuw che khudt, bién déi mau sdc va tw thé
khuén mdt. Nghién ciru nay dp dung ConvNeXt V2 cho bai todn FER véi viéc diéu chinh cdc
tham s6 kién triic dé danh gid tac dong ciia ching trén dit liéu thiec té ciia FER tir RAF _DB.
Két qua thir nghiém cho thdy nhitng yéu t6 kién triic ciia ConvNeXt V2 tdc déng dén dg phirc
tap ciia mé hinh va chat lwong nhdn dang cho FER, cung cdap nhitng phan tich y nghia dé lam
ro nhitng van dung diém manh cia mé hinh kién tric ViTs va két hop voi cac kién tric CNN
truyén thong nham tang thém hiéu qud cho mé hinh vmg dung.

Tir khoa: Vision transformers, ConvNeXt V2 architecture, facial expression recognition.

I. Gi6i thi¢u nhiéu nhiém vu NLP, trong khi GPT-3,
A, voi 175 ty tham sb, thé hién hiéu suét
Transformer 1a mét kién tric mang .
o R . manh mé trén cac nhi¢m vu NLP chuyén
noron sdu ndi bat, dat ket qua xuat sac biét ma khong cdn tinh chinh. Nho nhimg

trong cac nhiém vy xir ly ngdn ngit tw thanh cong nay, Transformer da dugc md

nhién (NLP), dac biét trong dich may va
phan tich ct phap. Theo [1], cac bién thé
nhu BERT dat thanh tich dan dau trén

* Truong Dai hoc M& Ha Noi

rong sang cac nhiém vu thi gidc may tinh
(CV), mang lai hi¢u qua dang ké va tiém
nang lon.



Cac moé hinh CV dua trén
Transformer (ViTs) dé cho thay tiém ning,
dat két qua tuong duong hodac vuot trdi so
v61 CNN trong phan loai hinh anh, phat
hién d6i tuong, phan doan ngt nghia, xu
1y anh va hiéu ndi dung video. Nho thanh
cong nay, nhiéu bién thé Transformer da
ra doi, cai tién vé hiéu sudt, tong quat
hoa va didu chinh mé hinh. Trong [2],
cac tac gia hién dai hoa kién tric ResNet
theo hudng ctua Transformer thi gidc phan
cép, dan dén sy ra doi caa ho md hinh
ConvNeXt. ConvNeXt giit dugc hi¢u suét
ctia CNN tiéu chuan va don gian hoa qua
trinh trién khai nho tinh chit tu nhién cia
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tich chap. ConvNeXt, dac bi¢t manh mé
trong cac tinh hudng c6 do phirc tap thap,
da tré thanh kién trac chu dao trong nhiéu
ung dung CV. Phién ban ConvNeXt V2
(Hinh 1.1) [3] gin déy, v6i cac bién thé
tir don gian dén phuc tap, c6 hai dic diém
chinh: by ma hoéa tu dong FCMAE (Fully
Convolutional Masked AutoEncoder)
va 16p chuin héa toan cuc GRN (Global
Response Normalization), tdi wu cho viéc
hoc ty gidm sat. Nho co ché FCMAE, hiéu
suét ctia mé hinh duoc cai thién dang ké
trén nhiéu nhiém vy, bao gdbm phan loai
anh ImageNet, phat hién ddi tuong COCO
va phan doan anh ADE20K.
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Hinh 1.1. Kién triic chin

Bai toan nhan dang biéu cam khuén
mdt (FER) da dugc nghién ctu rong rai,
nhung van gap nhiéu thach thirc khi 4p dung
trong thuc t&. FER dong vai trd quan trong
trong giao tiép gifta con ngudi, gitip hiéu
cam xuc va y dinh, lam cho n6 tr¢ thanh
yéu t6 thiét yéu trong twong tac xa hoi. Ung
dung cta FER rat da dang, bao gdbm tuong
tac ngudi-may, chi thich anh, chuyén van
ban video, va giao tiép xa hoi. Theo [5, 6],

h ConvNeXt V2 [4]

¢6 sau biéu cam khuén mit co ban: Hanh
phiic (Happiness), Budn ba (Sadness), Ngac
nhién (Surprise), Ghé tém (Digust), Ttrc
gian (Anger) va S¢ hai (Fear), dugc coi 1a
phd quat, khong phu thude vao qudc gia
hay t6n gido. Hai biéu cam khac 1a Khinh
bi (Contempt) va Trung tinh (Netural) ciing
duoc sir dung ¢ trong mot s6 nghién cu.
Hinh 1.2 minh hoa mét sd biéu cam co ban
tur bo dir liéu RAF DB [7].
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Hinh 1.2. M{t 56 biéu cam khudn mdt co ban

Biéu cam khudn mat gén lién véi su
thay d6i ¢ cac dic diém va co bap khuén
mat, dic biét tai mat, mili, miéng, la cac
khu vuc quan trong de giai quyét bai toan
FER. Hinh anh thyc té con co sy bién doi
vé tu thé, che phu boi cac vat khac, hoac
mau sac bi thay d6i do diéu kién anh sang.
Mo hinh FER can khong chi tap trung vao
cac khu vuc quan trong ma con phai bén
virng trude cac yéu td nhu che khuit, mau
sic mo hay goc nghiéng 16n. Vi du, trong
Hinh 1.3, cac anh c6 vung bi che khuét
16n hodc t6i mau, nghiéng goc manh, 1am
anh huong dén cht luong nhan dang. Pay
la nhitng théch thic 16n cho cac mé hinh
CV trong FER. Vi vy, viéc phat trién mo
hinh cén chu trong kha nang trich xuét dic
trung khai quat va chuyén bié¢t, dac bict
d6i v6i nhitng ddc diém quan trong nay..
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Hinh 1.3. Mét s6 hinh énh khé khan cho FER

Migc du nhiéu kién trac CNN dat
hiéu qua cao, nhung chung phuc tap, tén
kém tai nguyén va yéu cau hé thong tinh
toan 16n cho ca qua trinh huan luyén va
trién khai. Vi vy, mét sb nghién ctru da
dé xuét su dung cac mo hinh CNN nhe
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[81, [9], [10], [11], [12], [13], phu hop véi
céc tmg dung han ché vé tai nguyén nhung
van dam bao hiéu qua, dac biét 1a trén céac
nén tang truc tuyén nhu tng dung web.

Trong nghién ctru nay, chiing t6i ap
dung kién triic nhe cua ConvNeXt V2 cho
bai toan FER, v&i cac diéu chinh tham s6 va
danh gi4 tac dong ctia chung 1én chit luong
nhén dang trén dir licu RAF_DB. Phan 2 s&
gi6i thidu chi tiét vé ConvNeXt V2 va cic
diéu chinh tham s6 dugc ap dung cho FER,
cling v&i phan tich cac yéu t6 kién trac anh
huong dén két qua. Cac thir nghiém trén
RAF_DB theo nhiéu kich ban khac nhau s&
duoc so sanh va danh gia. Cudi cing, Phan
3 1a n6i dung két luan.

I1. Phwong phap

2.1. M6 hinh LC2FER

Phan nay trinh bay chi tiét mé hinh nhe
dua trén kién tric ConvNeXt V2 cho bai toan
FER, ky hiéu 14 LC2FER (Light ConvNeXt
V2 for Facial Expression Recognition). M6
hinh dugc chia thanh céc giai doan chinh
(stages), mdi giai doan gom khéi giam do
phén giai dic trung (downsample) va khoi
xir Iy chinh dé trich xuat dic trung CX2FER
theo kién trc ConvNeXt (Hinh 2.1). Tinh
chit nhe cia md hinh dua trén céc diéu
chinh tham s nhu sb giai doan, ) luong
khéi CX2FER trong mdi giai doan, kich
thudc khong gian dac trung, va ty 1€ giam
do phan giai gitra cac giai doan.
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Hinh 2.1. So @6 tong thé mé hinh LC2FER



Phén 15i cia LC2FER la céc khéi
CX2FER. Mbi giai doan c6 nhiéu khdi
CX2FER néi tiép nhau, véi s6 luong khéi
nay la tham s6 kién trc tao nén do sau cua
mo hinh. Trong mdi khdi CX2FER (Hinh
2.2),16p tich chap theo chidu sau (depthwise
convolution) thuc hién trén ting kénh véi
bd loc riéng, giup md hinh hoc dac trung
cho timng kénh mot cach hi¢u qua, gidm
s6 tham s6 va do phirc tap tinh toan. Hai
16p tich chap theo chiéu rong (pointwise
convolution) st dung phép nhan dé bién
d6i va két hop thong tin tir cac kénh, tao
ra s0 luong kénh dau ra mong muén. Giira
hai 16p nay c6 bo xtr 1y chuan héa phan hoi
toan cuc (GRN), thuc hién trén cac kénh va
khong gian dac trung (cong thuc (1)).

Xgn =7-(X-gamirs) FB+X (1)
trong d6, y va A 1a cac tham s6 hoc cia mo
hinh, X 14 ban d6 dic trung. GRN giup on
dinh qué trinh huén luyén va cai thién tinh
bén vitng ctia md hinh bang cach chuin
hoa cic phan hdi dic trung, ngin chin
viéc gian no va du thua dac trung. Co
ché nay tap trung vao cac dic trung quan
trong, nang cao kha ning tong quat va do
chinh xac nhan dang. Khdi CX2FER con
st dung co ché loai bo ngau nhién cac két
ndi (Dropout) dé ngin ngira hién tuong
quéa khép trong qua trinh huan luyén.
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Hinh 2.2. Khéi xir Iy chinh CX2FER

2.2. Anh hwong tham sé mé hinh
LC2FER

Dé nghién ciru tac dong cia cac yéu
td cAu trac mo hinh dén bai toan FER, bai

bao st dung bo dir liéu RAF DB (Real-
world Affective Faces database) [7], v&i
29,672 hinh anh khudén mat, bao gém sau
biéu cam co ban va biéu cam trung tinh
(Neutral). Dt liéu dugc chia thanh hai
phan: 12,271 hinh anh cho huan luyén
(Training) va 3,068 hinh anh cho kiém tra
(Testing, D*). Tap huan luyén duogc chia
ngau nhién thanh 80% dé huan luyén mo
hinh (D) va 20% dé tham dinh lya chon
mo hinh (D). Hinh 2.3 thé hién su phan
b6 hinh anh giira cac biéu cam, cho thay
su chénh I¢ch dang ké: vi du, biéu cam
“fear” chi c6 281 anh huéan luyén, trong
khi “happiness” c6 dén 4,772 anh, gip gan
17 lan. Su phuec tap va da dang cua dir li¢u
thuc té trong RAF_DB, cung véi mat can
bang gitra cac 16p, tao ra thach thic cho
cac mo hinh nhan dang.
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Hinh 2.3. Sw phin bé hinh anh ciia RAF
DB

Nghién ciru bat dau véi kién tric
ConvNeXt V2 phién ban nho nhét (Atto),
bao gdm 4 giai doan (n,=4). Céc tham 50
nhu s6 khdi trong timg giai doan (B), kich
thudc dau ra (D), va ty 1& giam d6 phan giai
mau tin hiéu dic trung (S) dugc thiét lap
theo [3]. Tham sb S duoc diéu chinh qua
phép tich chap véi kich thudce bo loc kernel
(k) va budc truot stride (a). Bo tham sb cau
hinh ciia md hinh gbc duoc ky hiéu 1a C..
Tiép theo, cac tham s n, S, Bva D dugc
thay dbi dé thu nho cau trac mo hinh. Chi



tiét cac tham sb cau hinh (C) ¢ tung giai
doan dugc thé hién trong Bang 2.1.
Bdng 2.1. Tham s6 cdu hinh ciia LC2FER

Giai doan Tham sb
S=[(4,4),(2,2),(2,2),2,2)],
C:4 B=[2,2,6,2],

D=[40,80,160,320]
S=[(4,4),(3,3),2,2)],
C2:3 B:[27452]’
D=[64,128,256]
S=[(4,4),(3,3),(2.2)],
C323 B:[27472]7
D=[128,256,512]
S=[(4,2),(3,3),(2,2)],
c3 B~{24.2],
D=[64,128,256]
5=[(4,2),(3,3),2,2)],
C5:3 B:[2,2,2],
D=[64,128,256]
S=[(4,2),(3,3),(2,2)],
C6:3 B:[lalal]a
D=[64,128,256]
S=[(4,2),(3,3),2,2)],
C7I3 B:[Llsl]’
D=[128,256,512]
5=[(4,2),(3,3),(2,2)],
C8:3 B:[lalal]a
D=[40,80,160]

Trong kién trac ConvNeXt V2, hai
giai doan dau tap trung vao viéc trich
xuat cic dic trung muc thdp, vi vy
nghién clru nay xem xét tich hgp chung
thanh mét, dan dén viéc cac cau hinh
tr C, tr¢ di chi str dung 3 giai doan. S6
khéi ¢ giai doan gitta ciia md hinh C,
va C, cling giam xubng con 4 thay vi
6 nhu trong C,, nham giam khoi lugng
tinh toan va kich thuéc mo hinh. Hon
nita, tham sd S ¢ giai doan tha hai cua
ca hai mé hinh nay dugc diéu chinh ting
1én (3,3) thay vi (2,2) trong C,, dé tao su
chuyén d6i muot ma giira d6 phan giai
cua cac giai doan. M6 hinh C,; tdng s6

5

luong kénh tin hiéu dau ra 1én gip doi,
D=[128,256,512] thay vi [64,128,256],
nham danh gia anh huong cua yéu té nay
so v6i C,. Qué trinh huén luyén mo hinh
duoc thuc hién véi bd tham sd gidng
nhau cho cdc cdu hinh, nhu thé hién
trong Bang 2.2.

Bdng 2.2. Tham s6 hudn luyén cdc mé hinh

Stt| Tham ‘sf') Gia tri
1 Toc dg hoc ban dau (learning 10°
rate)
) chh thude goi dir ligu (batch 128
size) ' )
3 | SO lugt huan luyén toi da (epochs) | 150
4 | Phuong phap t6i wu m6 hinh A‘;?Z;W

Két qua nhan dang trén cac tap dir
liéu huan luyén va kiém tra , kich thudc
(s6 lugng tham sd) va toc do (thoi gian
cho mot epoch hudn luyén) ciia ba mo
hinh duoc thé hién nhu Hinh 2.4 va Hinh
2.5. M6 hinh cho két qua tt nhat ca trén
dit liéu huén luyén va kiém tra, mic du mé
hinh nay bi giam mot giai doan va kich
thuéec mo hinh cling gidam con 55,8% so
v6i (tir 3,4 tridu xudng 1,9 triéu). Trong
khi d6, co kich thudc (7,5 triéu) ting gap
3,9 lan song két qua nhan dang lai giam
(tir 70,99% xudng 69,69% trén ), tbc do
ciia ciing cao gip 1,56 lan so véi , diéu
nay cho thdy viéc ting s luong kénh
tin hi¢u dac trung dau ra & céc giai doan
khong dem lai ¥ nghia va chat luong cho
kién tric nay.
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Hinh 2.4. Két qud nhén dang cia
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Hinh 2.5. Kich thuéc va toc dé cia
Cac md hinh tr dén dugc diu
chinh v6i budce trugt & giai doan thir nhat
giam mot ntra, su dung thay vi nhu céac

moé hinh trude. Diéu nay ting gap doi do
phan giai khong gian tin hi¢u trong qua
trinh trich xuét dac trung mirc thap. O giai
doan dau, anh diu vao duoc chia thanh
cac phan chdng 1ap (overlapped) thay vi
cac manh roi nhau. Nhu vay, mdi diém
anh s& tham gia vao nhiéu ctra s6 trich
chon dic trung, giup cung cip thém thong
tin va méi lién hé cuc bd trong cac vung
anh. Hinh 2.6 minh hoa r6 su khac biét:
bén trai 1a phan khong chong lap, trong
khi bén phai va dui 1a phan ¢ chong lap.

Hinh 2.6. Chia cdc phan anh cé chong lap theo tham sé ¢ giai doan dau

Két qua phan 16p ciia cac md hinh
dén déu cao hon cac mé hinh trudc d6 sau
khi c6 sy thay d6i tham s6 & giai doan dau
(Bang 2.2). Piéu nay cho thiy mé hinh
& kién trac nay khi dugc trich chon dac
trung trén khong gian anh dau vao duoc
min hon s& cho két qua nhan dang t6t hon.

Bang 2.1. Két qua ciia cdc mé hinh

. Do chinh xac Do chinh xac
Mo hinh . trén D" .trén D
C, 99.03 69.17
C, 100 70.99
C, 99.81 69.69
C, 100 72.97
C, 100 73.47
C, 100 73.27
C, 100 73.08
C, 100 71.87

Mic di cic m6 hinh va giam sb
khéi xir Iy CX2FER xudng chi con mot

khéi & mdi giai doan, nhung két qua nhan
dang van cao hon so v6i cac mo hinh truée
d6 c6 nhiéu khdi hon. Sy giam nhe trong
hiéu suét khi giam s6 khdi CX2FER tir 2
xubng 1 & va la khong dang ké, cho thay
chat luong mo hinh khéng bi anh huong
16n boi thay d6i nay.

Tuy nhién, & mo hinh , khi gidm kich
thude sb kénh tin hiéu dau ra con thay
vi nhu cac mo hinh trude, két qua nhan
dang giam xudng 71.87%, so v&i 73.47%
cta . Pang cht y, du s6 kénh tin hiéu dau
ra trong ting gap doi, nhung két qua chi
dat 73.08%, khong cao hon . Diéu nay cho
thay kich thudc s6 kénh dau ra anh huong
dén chit lwong mo hinh, nhung khong
phai luc nao cling ty 1¢ thuan.

Kich thuéc cac mé hinh giam khi sb
khéi va kich thuéc kénh tin hiu dau ra
giam. c6 kich thuée thap nhét voi khoang



0.37 triéu tham sd, trong khi ¢6 0.93 tri¢u
tham sb. Nguoc lai, tang nhanh 1én 3.64
triéu tham s6 khi s kénh tin hi¢u dau ra
tang gap do6i. Hinh 2.7 so sanh chi tiét
kich thudc (d6 16n hinh tron), thoi gian
huin luyén va két qua nhan dang giita
cac mo hinh. Qua phéan tich, 1a phién ban
ConvNeXt V2 tot nhat, can ddi giita kich
thudc, toc do huan luyén va do chinh xac.
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Hinh 2.7. So sanh cac mo hinh
2.3. Phén tich két qud mé hinh tai

Dé c6 két qua t6t hon tai mo hinh
C,, ching t61 su dung phuong phap tang

cuong hinh anh cho tap dit liéu huén luyén
bang cac phép xir Iy anh nhu 14t anh (flip),
tinh tién theo chiéu ngang (tx) va chiéu
doc (ty), thu nho va phéng to, xoay anh.
Céc phép nay c6 thé thuc hién dong thoi
trén cing mot anh voi cac tham sd khac
nhau. Tham sb cac phép xu 1y nay ldy
ngau nhién trong gi6i han theo Bang 2.2.

Translation c6 gia tri am la tinh tién
1én (theo chiéu doc) hodc sang trai (theo
chiéu ngang), twong tw zoom c6 gi4 tri Am
l1a thu nho va duong 1a phong to. Cac gia
tri nay theo ty 1¢ vai kich thudce hinh anh,
vi du zoom = -0.1 ¢6 nghia thu nhé hinh
anh xudng 10% theo ca hai chiéu ngang va
doc. Phép xoay anh dugc thé hién 1a ty 1€
% ctia gbc m, 4m 1a quay nguoc chiéu kim
déng hd va nguoc lai. Hinh 2.8 thé hién
mot s6 hinh anh duoc ting cudng tir anh
gbc (trén cung), hai hang gitra 1a anh chi
dung phép tinh tién, co gidn va 1at, con hai
hang cubi str dung thém phép xoay anh.

Bdng 2.2. Tham s cia phép tang cuong danh

Stt Tham sb Gia tri
1 |Lat anh doi x(ing ngang True
2 | Géce quay (rotation) t0i da so v6i anh goc (radian, 4m 1a quay sang trai) 10.05%
3 |Hé s6 dich chuyén (translation) t6i da so v6i kich thudc anh goc (am 1a dich sang trai) | +0.1
4 |Hé sb co dan (zoom) t6i da so vé6i kich thudce anh gde (gia tri 4m 1a thu nho) 0.1
5 | Toc do hoc ban dau (theo phwong phap AdamW) 107
6 |Kich thuéc mdi goi (batch) dit liu 128
7 S0 luot hoc toi da cia mé hinh (epoch) 150

Hinh 2.8. M4t s6 hinh anh tang cwong bang cdac phép xir Iy co ban

FER:sadness




MO hinh C; dugc huin luyén trén tap
dir liéu tang cuong cho két qua cao hon
so v&i huén luyén trén dir li¢u ban dau,
d6 chinh xac trén tap kiém tra D* & day
dat 79,56% so véi 73.47% ban dau (Bang
2.1), chimg t6 md hinh dap tng tét hon
trén tap dit liéu da dang hon.

Két qua qua trinh huin luyén thé
hién trong Hinh vé& 2.9 gébm d6 chinh xéac
trén tdp hudn luyén D" (accuracy) va trén
tap chon mé hinh D™ (val accuracy). O
day qua trinh huin luyén thé hién dén
budc thir 86 boi vi qua trinh sau d6 khong
cho két qua tét hon trén D
Hinh 2.9. B$ chinh xdc qud trinh hudn huiyén

RAF_DB
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Pé minh hoa két qua tong thé ciia mo
hinh LC2FER, chiing t6i xay dung ma tran
nham 1an trén toan bo tap dit liéu kiém tra
D (Hinh 2.10). Mbi hang trong ma tran 1a
mot nhan biéu cam cua hinh anh trong dir
lidu (target emotion), modi cot twong mg
13 mot nhdn biéu cam duoc mé hinh nhan
dang (predicted emotion). Tong s6 hinh anh
trong ma trdn nay dung bang tong s hinh
anh cua tap dir liéu kiém tra D*. Trong ma
tran nay, biéu cam “disgust” bi nhan dang
sai nhiéu nhit thanh “happiness” (105 anh),
thir hai ¢6 101 anh cta “happiness” bi nhan
dang thanh “surprise”. Tat ca cac 6 ctia ma
tran déu co gia tri ching to sy nham lan
cua mo hinh trong tap dir liéu 1a da dang,
¢6 it nhat mot hinh anh nham 13n giira biéu
cam “disgust” va “fear”, gilra “disgust” va

“sadness”. Xét ty 1¢ nham 1an trong tong sb
anh ciia timg biéu cam thi “disgust” c6 ty
1& cao nhat 1én dén 95,3%, cac biéu cam c6
ty 1& nay thap gom “happiness” c6 14,7%,
“anger” ¢6 20,2% va “surprise” c6 27,2%.
Ca ba biéu cam nay déu co hinh anh rét
nhiéu trong tap dir li¢u huén luyén, va nod
lam cho mé hinh dwoc huin luyén dé dap
g tot & cac biéu cam nhiéu hinh anh la
co ché binh thuong trong hoc may. Vi vay
chiing ta c6 thé ap dung cac k¥ thuat dé can
bang dit lidu trong trudng hop nhu vay.
Hinh 2.10. Ma trén nham lan tai C;

Confusion matrix on total for FER on RAF_DB
anger

disgust 800

fear

happiness

400

Target emotion

neutral
sadness 200

surprise

©
L

appiness
neutral
sadness
surprise

<
Predicted emotion

Mot sé truong hop nham 1an duoc
thé hién trong Hinh 2.11, tiéu d& trén anh
thé hién hai chir cai dau tén biéu cam trong
tap dir liéu (Target) va biéu cam duoc mo
hinh nhan dang (Predicted), ¢ gitra co ky
hiéu “>”. Co thé thay rang cc hinh anh
nham 13n nay ciing rat khé phan biét bang
tryc quan ctia chung ta. Riéng mot sd
truong hop ciing ¢6 thé thuc sy khong 1d
rang cua viéc gan nhan trong tap dir li¢u.
Chang han, anh thr 3 hang dau bi bién
dang rat khé nhan biét, anh thir hai & hang
gilta dugc gan nhan “happiness” nhung
biéu cam khong thuc su rd rang, hodc
anh cubi cing ¢ hang giira dugc gan nhin
“happiness” nhung day cling khong 1o
rang, tham chi truc quan xac dinh nghiéng
vé “surprise”.



Hinh 2.11. Mt s6 hinh anh nham lan
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Ky thuat t-SNE [15] dugc st dung
nham thé hién truc quan hoa sy phan loai
cua didc trung trich xuat boi mé hinh theo
cac 10p biéu cam (Hinh 2.12). Két qua
t-SNE dugc tinh toan theo cach trong [16]
cho toan bg tap dir li¢u, bao gém ca, va.
Céc nhén cta biéu cam khuon mit duoc thé
hién bang hai chit cai dau cho phu hop kich
thu6c. Hinh anh tryc quan nay cho thdy mo
hinh tai tao thanh cac cum dac trung tuong
dbi 16 rét, dang chu ¥ 1a dic trung cta biéu
cam “surprise” c¢6 lan 16n vao nhiéu cum
dic trung ¢ cac biéu cam khac va no ciing
twong tmg véi ma trin nham 1an (cot phai
cung trong Hinh 2.10). Hinh anh t-SNE nay
cung cép tryc quan vé kha nang trich xuat
déc trung tr hinh anh c6 tinh phan loai cua
md hinh LC2FER. No¢ ciing cho thiy duoc
kha nang trich xuit dic trung nhdm giam sy
khac biét gifra cac hinh anh trong cung 16p
biéu cam (intra-class) trong khi ting cuong
su khac biét vé dic trung cua cac hinh anh
gitta cac 16p biéu cam (inter-class).

Hinh 2.12. t-SNE truc quan cua mo hinh
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Ngoai ra, dé thidy rd hon su tac
dong cia mdé hinh LC2FER trong vi¢c
trich xuét ddc trung hinh anh, ching toi
st dung ky thudt ban dia hoa dua trén
gradient (gradient-based localization) [17]
hay duogc goi 1a ban dd nhiét (heatmap) dé
hién thi cac hinh anh biéu dién truc quan
vé cac ving trén anh dugc quan tim va tap
trung trong trich chon déc trung cua mo
hinh. Trong Hinh 2.13, ban d6 nhiét cua
mé hinh duogc thé hién trén mot s hinh
anh véi cac biéu cam khac nhau. Nhiing
hinh anh nay minh hoa rd rang ban dd
nhiét chu yéu tap trung vao cac khu vuc
quan trong dé thé hién nét mat, chéng han
nhu miii, miéng va mat. Chang han, ba
anh dau ¢ hang cudi c6 phan mit bi che
khuét boi toc, ban tay hodc kinh den thi
mo hinh chi tap trung ving mat con lai va
ving mili, ving miéng & phan nhin thay.

Ban d0 nhiét nay ciing truc quan
nhian manh ring mé hinh LC2FER uu
tién cac vung hinh anh quan trong dé trich
xuét cac dic trung md ta cho FER. Nguoc
lai, khi nhiing vung hinh anh nay khong
duoc xem xét, viéc xac dinh chinh xac
biéu cam khudn mat s& tré nén kho khan.
O day, mot lan nita thdy rang dir liéu gan
nhin c6 chd khong rd rang, ching han anh
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cudi hang giira va anh dau hang cudi ¢
nhan “neutral” nhung thuc té truc quan co
thé nghiéng vé biéu cam “sadness” hoic
“fear” thi phu hgp hon.

Hinh 2.13. Heatmap cua mo hinh trén anh
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20
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20
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I11. Két ludn

0

Trong nghién ctru nay, chiing to1 da
dé xuat sir dung mo hinh mang noron tich
chap LC2FER theo kiéu kién trac Vision
Transformers (ViTs) cho bai toan nhan
dang biéu cam khudén mit (FER). Kién
trac ciia mo hinh nay dua trén chudn kién
tric cua ConvNeXt V2, trong do cac tham
sd kién tric ciia mé hinh dugc diéu chinh
dé phu hop va dap ung tét cho bai toan
FER véi dit liéu tir thue t€ va c6 nhiéu
thach thire d6i v6i do chinh xac cua céac
mo hinh nhan dang.

Nghién ctru ciing phén tich cac yéu
t6 kién triic cia LC2FER tic dong dén
viéc trich chon dac trung cho FER va phan
16p nhan dang biéu cam khudn mat. Mo
hinh nay ciing ¢6 d6 phic tap (d6 sau sd
16p noron, kich thudc ban do dic trung)
6 muc thép, tao nén mo hinh & thé nhe va

¢6 s6 lugng tham sb kha thap (chi mirc 0.9
triéu) hon nhiéu cac mé hinh khac trong
[8] [18] [6] [16] [5]. Két qua nhan dang
cho thiy kha quan trén tap dit liéu da dang
tlr thue té RAF_DB, dat muc cao nhét 1a
79.56% trén dit liéu kiém tra d6i voi phién
ban mo6 hinh LC2FER tai . Day la phién
ban c6 do phirc tap thap hon ca mo hinh
géc nho nhit ConvNeXt V2 trong [4]
nhung lai cho két qua cao hon trén 10%
(so v61 mue 69,17% cua mo hinh trong
[4]). M6 hinh LC2FER c6 thé duoc tiép
tuc nghién ctru va ap dung trong viéc két
hop véi cac kién trac khac nham dem lai
két qua tt hon cho FER. Dic biét, cic md
hinh ¢ thé nhe nén d& dang tich hop tng
dung trén cac hé thong c6 ning luc tinh
toan khong doi hoi qué cao, phu hgp véi
da dang diéu kién trong thuc t& nhung van
cho két qua tot dbi vai cac bai toan thuc té.

Trong nhimng nghién ctu tiép theo,
chung toi s& cai tién tich hop lai ghép giita
cac kién trac ViTs hién dai véi cac kién
trac CNN truyén théng nham dat chat
lugng cao hon trich chon dac trung cho
FER va dong thoi mé hinh c6 d6 phtc tap
vira phai dé phu hop rong réi trong {mg
dung thuc té.

Loi cam on: Nghién ctru nay dugc
tai tro boi dé tai cip Truong Dai hoc Mo
Ha Nbi, ma s6 MHN2024-01.21
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THE EFFECTS OF CONVNEXTV2 NETWORK
ARCHITECTURAL FACTORS ON FACIAL EXPRESSION
RECOGNITION FROM REAL-WORLD DATA

Duong Thang Long’, Vuong Thu Trang’, Pham Quang Huy"

Abstract: The success of Transformer models, which have shown excellent performance
in natural language processing (NLP), has extended to computer vision (CV) with Vision
Transformer (ViT) architectures, achieving results comparable to or surpassing traditional
convolutional neural networks (CNNs) in CV like image recognition and object detection.
The ConvNeXt V2 model is an improved ResNet architecture and inherits strengths from
ViTs, including hierarchical structures and the fully convolutional masked autoencoder
(FCMAE) mechanism; this is to provide a high-performance and simpler model. Meanwhile,
facial expression recognition (FER) remains a challenge due to real-world image factors
like occlusion, color variation, and facial pose. This study applies ConvNeXt V2 to FER,
adjusting architectural parameters to evaluate their impact on real-world images from the
RAF DB dataset. Experimental results show how ConvNeXt V2's architectural factors affect
FER model complexity and recognition quality. These provide meaningful analyses to clarify
how leveraging strengths from ViT architectures combined with traditional CNN architectures

can enhance model application efficiency.

Keywords: Vision Transformers, ConvNeXt V2 architecture, Facial Expression Recognition.
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