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TOM TAT

Nhén dang cam xtc khudén mat (Facial Expression Recognition — FER) la mot bai
toan quan trong trong thi gidc may tinh, dong vai tro then chét trong cac tng dung
teong tac nguoi-may, giam sat hanh vi va phan tich cam xtc trong thoi gian thuec.
Miéc dut cac mo hinh hoc sdu hién nay da dat duwoc nhiéu tién bo, do phtic tap tinh
toan cao van 1a mot thach thitc 16n khi trién khai trong moéi treong thuc t&. DE giai
quyét han ché nay, nghién cttu dé xudt mot mo hinh nhe (lightweight) dwoc phat
trién dya trén y tuong ctia PAtt-Lite, nhdm nang cao d6 chinh x4c ctia mé hinh dong
thoi duy tri d6 phuic tap tinh toan ¢ mtc hop ly. Két qua thuc nghiém cho thdy mo
hinh dat 100% d6 chinh xac trén CK+ va 69% trén FER2013, cao hon 7% so v4i md
hinh g6c trén FER2013, diéu nay chiing minh tinh hiéu qua va kha nang tng dung

thuyre t& cia mo hinh duoc dé xuAt.

Tw khoéa: Nhan dang cam xtc khudn mat, MobileNetV1, Transformer, Patch

Extraction, M6 hinh nhe.

1. MO PAU

Nhan dang cadm xac khuén mat (Facial Expression Recognition — FER) la mét
nhanh quan trong cua thi gidc may tinh, tap trung vao viéc trich xudt va phan tich trang
thai cadm xtic ctia con nguoi tit hinh anh hodc video. Véi cac ttng dung da dang trong
twong tac nguwoi-may, gidm sat hanh vi, gido duc thong minh va y hoc tam ly [1], [2],
linh viec nay ngay cang thu hat sy quan tam manh mé ctia cong dong nghién cttu. FER
khong chi tap trung vao nhan dang biéu cam tinh ma con hudng téi xtt ly cam xuc trong
diéu kién moi treong te nhién. Diéu nay dat ra yéu cau vé cac mo hinh phai c6 kha nang
khai quat hda t6t va duy tri d¢ on dinh cao khi trién khai trong thuec té.
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Dé dat dugc kha ning khai quat hda cao, cdc md hinh FER hién nay van phai d&i
mdt voi nhiéu thach thitc quan trong. Thit nhat, trong moi treong thuee t€, hé thong nhan
dang cam xtic dé bi anh huong bai cac yéu t6 nhu thay déi tw thé, anh séng, mic d6 che
khuat va su twong dong gitra cac biéu cam. Thit hai, cac bo dit liéu phd bién nhue FER2013
thirong chita nhiéu va mat can bang gitta cdc 16p cdm xtc, lam han ché kha nang hoc dic
trueng cia mo hinh. Thit ba, nhitng m6 hinh dat do chinh xac cao thuong doi hai tai
nguyeén tinh toan 16n, gay kho khan cho viéc trién khai trén thiét bi di dong va trong cac
tng dung thoi gian thuc [3].

Dbé giai quyét nhiing van dé trén, cic mang no-ron tich chap gon nhe (lightweight
CNN) nhue MobileNetV1 [4] va EfficientNet [5] da duoc dé xuat, gitp giam dang ké s6
lwong tham s8 ma van duy tri hiéu qua trich xuét dic trung. Cadc md hinh nay hudng
dén viéc can bang gitta dd chinh xac va hiéu suat tinh todn. Trong nghién ctru [6], tac gia
phat trién CLCM va danh gia trén FER2013, dat 63%, so véi ShuffleNetV2 (65%) va
MobileNetV2 (58%). Bén canh cac m6 hinh gon nhe, nhiéu nghién cttu cting th nghiém
nhitng mo hinh ¢4 s tham s8 1én nham cai thién hiéu sudt nhan dang, nhung co ché
Self-Attention don. Két qua nay cho thay viéc tang do sau hoac mé rong sd lwong tham
s0 khong dam bao cai thién hiéu qua trén dit liéu FER “in-the-wild”, do hién tuong
nhiéu, mat can béng 16p va sai nhan van anh hwong manh dén qua trinh hoc dic trung.

D€ khac phuc nhitng han ché cta FER, nhiéu nghién ctru gan day da tap trung
phat trién cac mo hinh gon nhe két hop co ché cha y, nham dat dwoc sw can b??mg gitta
hiéu suét tinh toan va kha nang khai quat hoa. Cu thé, cac mang no-ron tich chap gon
nhe két hop vdi khdi trich xuat ving (Patch Extraction Block) gitip giam dang ké sd
luwong tham sO va tang kha nang ndm bit dic trung cuc bg, trong khi khdi Transformer
véi co ché Multi-Head Attention (MHA) nham nang cao hiéu qua nhan dang cam xtc
trong moi treong phiic tap va “in-the-wild” [8]. Mot trong nhiing mo hinh tiéu biéu dwoc
phat trién theo hudng ti€p can trén la PAtt-Lite [3], dwoc thiét k& nham giai quyét cac
han ché vé d6 phtc tap va kha néng trich xuat dac trung trong FER. Tuy nhién, do chi
stt dung co ché Self-Attention don gian, kha nang khai quat hoa cia mé hinh con han
ch€, ddc biét khi ap dung trén cac tap dit liéu “in-the-wild” nhu FER2013. D€ cai thién,
nghién cttu nay dé xudt SCoTER (Small Convolutional-Transformer for Emotion
Recognition), thay Self-Attention bang Transformer véi MHA, diéu chinh vi tri Global
Average Pooling (GAP) va thiét ké lai Patch Extraction Block dé hoc song song nhiéu
ddc trung cuc bo.

Két qua thuc nghiém cho thdy ca mo hinh PAtt-Lite va mo hinh dé xuat SCoTER
dat 100% do chinh xac trén tap do liéu CK+
(https://www.kaggle.com/datasets/davilsena/ckdataset) phan anh kha nang nhan dang
biéu cam tdt trong moi truong cd kiém soat, trén tap FER2013, mo hinh dé xuat dat 69%
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do chinh xdc, cao hon 7% so véi PAtt-Lite (62%). Sw cai thién nay chiing to viéc tich hop
khoi Transformer st dung co ché Multi-Head Attention (MHA) cung vdi thiét ké'lai vi
tri 16p GAP va khdi Patch Extraction da gip mo hinh nang cao kha néng khai quat hoa
va hiéu sudt nhan dang cam xac, dong thoi duy tri do phtic tap tinh toan & mirc hop ly
cho cac tiing dung thoi gian thyc va thiét bi giéi han phan ciing.

Trong phan tiép theo ctia bai bao, muc 2 gidi thiéu nhiing kién thitc co ban vé
CNN va Transformer. Muc 3 sé mo ta chi tiét phwong phap dé xuat. Két qua thuc nghiém
va nhén xét sé duoc trinh bay trong muc 4. Cudi cing, muc 5 tém tat nhitng két qua dat
duoc cia mo hinh dé xudt va goi y hudng phat trién tiép theo.

2.COSOLY THUYET
2.1. Mang CNN

Mang no-ron tich chdap (CNN) 1la mét mo hinh then chdt trong linh vuec thi giac
mdy tinh, md phong co ché xtr 1y hinh anh cua con nguoi thong qua cac 16p tich chap
(convolutional layers) [9], [10]. Mang c6 kha nang tu dong hoc cac dac trung & nhiéu
muc do — tir bién, goc, két cau dén hinh dang va biéu cam khuon mat. Dac biét, trong
bai todn nhan dang cam xtc khudén mat (FER), CNN gitp mo6 hinh tap trung vao cac
vung dic trung giau thong tin nhie mét, miéng va 16ng may, giam su phu thudc vao cac
phuong phap trich chon tht cong, dong thoi nang cao kha nang khai quat hda truedce cac
bién thién vé tu thé va anh sang. Tuy nhién, caic mo6 hinh CNN sau nhue VGGNet [9] va
ResNet [10] ¢ s0 lwgng tham s6 16n, gay kho khan khi trién khai trong moi truong gidi
han phan cting. D& khéac phuc, MobileNetV1 [4] ap dung k§ thuat depthwise separable
convolution. Cach tiép can nay gitip giam dang ké chi phi tinh toan trong khi van duy tri
hiéu qua trich xuat dac trung, phu hop cho cac mo6 hinh FER gon nhe va hiéu qua.

2.2. Vision transformers

Mac du cdc mang CNN gon nhe nhur MobileNetV1 [4] da chiing minh hiéu qua
trong viéc trich xuat déc trung cuc bo véi chi phi tinh toan thap, chung van gap han ché
trong viéc nim bit moi quan hé toan cuc gitta cac vung trén anh, do ban chat phép tich
chéap chi khai thac thong tin trong pham vi cuc bd. D€ khéc phuc han ché nay, cac nghién
ctu gan day da huodng téi viéc két hgp co ché Attention - tiéu biéu la Vision Transformer
(ViT) [8] - nham tang kha ning biéu dién khong gian toan cuc ctia mo hinh. Tuy nhién,
ViT thuong yéu cau luong dit liéu huan luyén 16n va tai nguyén tinh toan dang ké, khién
viéc ap dung trong cac tac vu quy mo nho nhu nhan dang cam xtc khuén mét (FER) tré
nén kho khan. Vi vdy, cac mo hinh gan day — dién hinh la PAtt-Lite [3] — da dé xuat
két hop kién triic CNN gon nhe va co ché Attention, tan dung dong thoi wu diém cta ca
hai: kha nang hoc ddc trung cuc by manh mé cua CNN va kha néng biéu dién toan cuc

17



SCoTER: md hinh CNN-transformer tinh gon nhdn dang cim xiic khudn mdt

cua Transformer, gitup cai thién hiéu suat nhan dang trong khi van duy trl mtec d6 tinh
toan thdp.

3. PHUONG PHAP DE XUAT
3.1 Kién triic m6 hinh

Dua trén co so ctia cac mang CNN gon nhe va co ché Attention trong Vision
Transformer, nhém nghién ctru dé xudt kién triic mo6 hinh nhan dang cam xic SCoTER
(Hinh 1), k€ thtra y tedng tir PAtt-Lite [3] nhung dwoc diéu chinh va t3i vu hda nham
tang hiéu qua biéu dién trong khi van dam bao tinh gon nhe.

Kién tric SCoTER bao gébm mot phién ban MobileNetV1 rat gon (Truncated
MobileNetV1) duoc st dung lam backbone ctia m6 hinh. Ban d6 déc trung thu duoc tir
Truncated MobileNetV1 sau d6 duoc duwa vao khoi trich xudt vung (Patch Extraction
Block), noi chung duoc chia thanh cac patch ddc trung ¢6 dinh, da dang cho cac vung
biéu cam khac nhau trén khudn mdt. Cac patch nay tiép tuc duoc x ly bdi khoi
Transformer, gitip md hinh hdéa méi quan hé toan cuc gitra cac vung biéu cam thong qua
co ché Multi-Head Attention.

Tong thé, m6 hinh bao gom nam thanh phan chinh: 1) Truncated MobileNetV1 —
trich xuat ddc trung ban dau, 2) Patch Extraction — chia ban d6 déc trung thanh cac vung
nho, 3) Transformer — mo hinh héa quan hé toan cuc, 4) Global Average Pooling (GAP)
—nén ddc trung toan cuc, 5) Classifier — phan loai cam xtc dau ra.

Truncated MobileNetV1

Transformer GAP greeeennen
: — £ > Patch Extracti > > —_— :
INPU_T_- ws 1 b xiraction (Multi Head Atttentlon) mlll _OUTPUT,

¥

Hinh 1. Kién triac m6 hinh SCoTER
3.1.1 MobileNetV1

Trong md hinh SCOTER, nhém tac gid st dung phién ban rut gon cta
MobileNetV1 (Truncated MobileNetV1) lam mang nén (backbone) cho khéi trich xuat
dac trung, dwgc minh hoa trong Hinh 1. Cdu trtic nay gitp giam dang ké d6 phuc tap
tinh todn nhung van duy tri kha nang hoc dic trung cuc bo cho cac viing biéu cam trén
khuon mat. Dau ra cia mang Truncated MobileNetV1 1a ban d6 dac trung kich thudc 14
x 14 x 512, chira cac thong tin biéu cam quan trong phuc vu cho cac khoi xtt ly tiép theo,
dac biét la khoi chia vung dac trung (Patch Extraction) va khoi Transformer.
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3.1.2 Patch Extraction Block

Dua trén cau trac cua PAtt-Lite [3] va y tudng ttr Vision Transformer (ViT) [8],
nghién ctru dé xuat Patch Extraction Block duoc hiéu chinh nhdm nang cao kha ning
hoc ddc trung va chuyén doi thong tin khong gian sang dang tuan ty phtt hop cho
Transformer.

Patch Extraction

J 0

14)(14)(512 6x6x256 S5x5x256

Hinh 2. C4u trtc chi tiét caa khoi Patch Extraction

Péau ra caa MobileNetV1 (14x14x512) dwgc duwa tryc tiép vao khoi Patch
Extraction Block, dugc thiét k& gom ba 16p tich chap lién ti€p (Hinh 2): hai 16p dau la
depthwise separable convolution, va 16p cudi la pointwise convolution (1x1).

Thiét ké nay gittp md hinh duy tri kha nang hoc dic trung khong gian hiéu qua
cua CNN, dong thoi chuyén d6i didc trung sang dang tuan ty twong thich voi
Transformer, tao lién két hiéu qua gitra MobileNetV1 va khoi Transformer.

3.1.3 Transformer Block

Tiép ndi qua trinh trich xuat ddc trung bang MobileNetV1 va tai t& chitc khong
gian ddc trung thong qua Patch Extraction Block, cac patch dau ra duoc dua vao
Transformer Encoder Block — thanh phan dwoc dé xudt nham ting cuong kha ning hoc
biéu cam toan cuc. Khac vdi PAtt-Lite [3], nghién ctru nay 4p dung Transformer Encoder
Block hoan chinh [11] (Hinh 3). Nho cai tién nay, mo hinh khong chi duy tri kha nang
hoc thong tin cuc bg tir tling patch, ma con c6 thé mo hinh hda cac méi quan hé toan cuc
gitta cac vung biéu cam — diéu ma co ché Self-Attention don trong PAtt-Lite [3] chwa thé
hién day du. Trong nghién cttu nay ching toi st dung MHA véi 8 heads cho phép md
hinh hoc dong thoi nhiéu kiéu quan hé khong gian khac nhau gitta cac patch. Qua do,
md hinh dé xuat tan dung hiéu qua nén tang gon nhe cua MobileNetV1, dong thoi nang
cao dang ké hiéu sudt nhan dang cam xuc trén cac tap dir liéu FER.
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Transformer GAP

Patch Extraction P| (Multi head attention > Classifier ——>0QUTPUT
- MHA)

INPUT=—=>| Truncated Mobilenetv1

h 4

Malt-Head |/
Attention |

Hinh 3. Cdu truc chi tiét ctia khéi Transformer [11]
3.14 Global Average Pooling (GAP)

Sau khi cac ddc trung biéu cdm dwgc hoc va téi cau truc thong qua Transformer
Encoder Block, dau ra ctia khoi nay duge dua vao Global Average Pooling (GAP) [10]
dé€ tong hop thong tin toan cuc. Trong PAtt-Lite [3], GAP duwogc dat ngay sau Patch
Extraction Block, titc 1a qua trinh nén ddc trung dién ra truede khi md hinh hoc méi quan
hé gifta cac patch. Cach sdp xép nay gitip duy tri md hinh gon nhe, nhung dan dén mat
mat thong tin khong gian gitta cac vung biéu cam - yéu t6 quan trong d6i véi bai toan
nhéan dang cam xuc. Trong nghién ctru nay, GAP duoc gitr nguyén vé chirc nang nhung
diéu chinh vi tri (Hinh 1), dwoc dét sau Transformer Encoder Block. Nho dé, cac dac
trung dau vao da duwgc mo hinh héa day da mdi quan hé toan cuc truede khi thuee hién
phép tdng hop trung binh, gitip ting hiéu qua bidu dién ma van duy tri ¢ phttc tap tinh
toan thap.

3.1.5 Classifier Block

Sau khi cac ddc trung toan cuc duoc tong hop bang Global Average Pooling
(GAP), dau ra duoc chuyén vao Classifier Block dé du doan nhan cam xuc. Trong mo
hinh dwgc dé xuat, khoi Classifier Block duoc thiét k€ gom ba 16p lién ti€p d€ thuc hién
viéc phan loai sau khi cac dac trung dwoc trich xuat. Lop déau tién la mot 16p Dense voi
128 hodc 256 no-ron, chiu trach nhiém hoc cac anh xa phtic tap tir dau ra ctia 16p Global
Average Pooling (GAP). Tié€p theo la 16p BN - Batch Normalization gitip chudn héa phan
b& dac trung, 6n dinh qua trinh huan luyén va han ché overfitting. Cudi cung mot 16p
Dense v6i 7 no-ron dau ra, twong tng vdi s6 luong 16p cam xuc, két hop véi ham
Softmax d€ sinh xac sudt du doan cudi cung. Nho d6, mo hinh héi tu nhanh hon va cai
thién d6 chinh xdc nhan dang cam xtc trén cac tap dit liéeu FER2013 va CK+.
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Hinh 4. C4u trac chi tiét cua khoi Classifier
4. KET QUA THUC NGHIEM
4.1. Dit liéu

Nghién ctru nay stt dung hai bo dit liéu chuan CK+ va FER2013 nham danh gid
md hinh trong ca mdi truong 6 ki€ém soat va diéu kién ty nhién. Cach lua chon nay gitp
phan anh d6ng thoi d6 chinh xac nhan dang va kha nang khai quat hda ciia mo hinh.

CK+[12] la b¢ dit liéu thu thap trong moi treong phong thi nghiém cé kiém soat,
gom 593 chudi hinh anh tir 123 d6i tuong, trong d6 327 chudi hinh dugc gdn nhan theo
bay cam xtic co ban: Anger, Disgust, Fear, Happiness, Sadness, Surprise va Contempt.
Trong bai bao nay, nhém tac gia st dung bo dit liéu bao géom 981 hinh anh (posed-
dataset), dwoc 14y ttr 327 chudi hinh anh cua tap CK+[12], chia thanh 784 anh huén luyén,
99 anh kiém thtt va 98 anh kiém dinh. D@ liéu c6 chét lwong hinh anh cao, 4nh sang va
tw th€ duoc chuan hoa, thuong dugc st dung lam chudn danh gia trong cac diéu kién ly
tuong.

FER2013 [13] bao gom 35.887 anh khudn mat xam (48x48 pixel) duoc thu thap tw
dong tur Internet, trong do, gobm 28709 anh dung cho huan luyén, 3589 anh cho kiém thw
va 3589 anh cho kiém dinh Mbi anh dugc gan nhan theo bay loai cam xtc co ban, tuy
nhién do chi dwgc gan nhan boi mot nguoi danh gia, bod dix liéu co thé chira nhiéu nhan,
phan anh rd tinh da dang va phtc tap ctia dit liéu thuc té.

4.2. Huin luyén mé hinh

Twong tw nhw cach thic huan luyén ¢ [3], qua trinh huan luyén mo hinh dé xuat

duoc chia thanh hai giai doan chinh thyc hién trén hai phan (Phan 1 va Phan 2) cia md
hinh dwoc thé hién ¢ Hinh 5.

- Giai doan 1 - Hudn luyén phan 2: Git ¢§ dinh (d6ng bang) phan Truncated

MobileNetV1 da duoc hudn luyén sdn trén ImageNet, chi huén luyén cdc khéi
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phia sau gom Extraction Patch, Transformer (Multi Head Attention — MHA), GAP va
Classifier.

- Giai doan 2 — Tinh chinh md hinh ca Phéan 2 va Phan 1: M6 khoéa (unfreeze) cac
16p trong MobileNetV1(Phéan 1) va hudn luyén toan by mo hinh véi tdc do hoc
nho hon nham diéu chinh nhe céc trong s0 da hoc ma khong lam mat on dinh bo

tham sO ban dau.

B T T it N S e

Truncated MobileNetV/ 1

;q_ - — > Patch Extraction

GAP | | e

Transformer 3 H H
Classifier =3 QUTPUT H

(Multi Head Atttentlon)

Hinh 5. C4u trudc chi tiét ciia Phan 1 va Phan 2 ctia md hinh SCoTER

Chi tiét cua hai giai doan hudn luyén mo hinh dugc thé hién ¢ Bang 1.

Bang 1. Chi tiét qua trinh huén luyén cua giai doan 1 va giai doan 2

Tha‘An h Giai doan 1 Giai doan 2
phan
196 0 hé 0 giti
Muc oy Thich nghi ddc trung N Orl‘ibo oa tﬁ?f‘g S
uctien MobileNetV1 voi dir liéu cam xtc. xz((:: one va phah nhan dang cam
o 1en CK+ (kiém soat) & FER-2013 (tw CK+ (kiém soat) & FER-2013 (tw
Dt liéu A A
nhién) nhién)
Mo khda mot phan Truncated
. 3 toan bd mo hinh i
Phin 1 Khoa toan bo m6 hinh Truncated ) 4 41 Njopy1: CK tir 16p 40, FER-
MobileNetV1 <,
2013 tir 16p 46
Extraction Patch — Transformer Extraction Patch — Transformer
Phin 2 (1-2 block, 4 heads, FF-dim (1-2 block, 4 heads, FF-dim

256/512) — GAP — Classifier
(Dense 256, Dropout 0.1)

256/512) — GAP — Classifier
(Dense 256, Dropout 0.3)

B6 tham s0

* LR: 0.01, giam 0.5x néu 8 epoch
khong cai thién >0.003, sau 20
epoch khong cai thién thi s€ dirng
qua trinh huan luyén.

e Thuat toan: Adam

¢ Loss: Categorical Cross-Entropy

* Max epoch: 200

* LR: 0.001, giam 0.5x néu 10
epoch khong cai thién >0.002, sau
20 epoch khong cai thién thi sé
diing qua trinh huan luyén.

e Thuat toan: Adam

¢ Loss: Categorical Cross-Entropy

* Max epoch: 500
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4.3. Két qua va nhan xét

Két qua danh gia ctia mo hinh dé xuét trén tap kiém tra cua bo dir liéu CK+ va
FER2013 duoc thé hién ¢ Bang 2. O day, md hinh dé xuat st dung 1 block
Transformer, FF-dim = 256. Két qua cho thdy, cling twong ti nhu mo6 hinh PAtt-Lite [3],
mo hinh dé xuat cho két qua nhan dang dung la 100% voi tap di liéu CK+. Véi tap div
liéu FER2013, phtic tap va da dang hon, md hinh dé xuat da thé hién duoc vu diém so
v6i mo hinh PAtt-Lite [3], cing nhu nhitng m6 hinh khac nhuw MobileNetV2 [6] va
CLCM [6].

Bang 2. So sanh d¢ chinh xac v4i cac mo hinh tién tién khac trén bd FER2013 va CK+

M6 hinh S6 tham s6 Bo dit liéu Do chinh xéc trén tip
danh gi4
PAtt-Lite 1,1M CK+ 100%
SCOTER (Model 1) 1,5M CK+ 100%
SCoTER (Model 1) 1,5M FER2013 67%
PAtt-Lite 1,1M FER2013 62%
MobileNet V2 [6] 2,4AM FER2013 58%
CLCM [6] 3.9M FER2013 65%

Bén canh d6, d€ khao sat s¢ anh hwong cta sd lwgng khéi Transformer va s6
chiéu FF-dim trong Transformer, Bang 3 so sanh d6 chinh xac trén tap FER2013 cta 4
bién thé cuia md hinh dé xudt gom: 1 block Transformer, FF-dim = 256; 1 block
Transformer, FF-dim = 512; 2 block Transformer, FF-dim = 256 va 2 block Transformer,
FF-dim = 512. D€ dam bao tinh gon nhe, cac bién thé nay chi giéi han ¢ 1 va 2 block.

Bang 3: So sanh d6 chinh xac trén tap FER2013 ctia 4 bién thé - SCOTER

M6 hinh Cau trac S6thamsé By dirliéeu Do chinh xac trén
Transformer tap danh gia
SCoTER 1 block ,FF-dim 1,5M FER2013 67%
Model 1 =256
SCoTER 1 block, FF-dim 1,7M FER2013 67%
Model 2 =512
SCoTER 2 block FF-dim 1,9M FER2013 69%
Model 3 =256
SCoTER 2 block, FF-dim 2,2M FER2013 67%
Model 4 =512

Dua vao két qua Bang 3 cho thay hiéu sudt cia m6 hinh SCoTER phu thudc vao
sw diéu chinh can bing gitta chiéu sau kién tric (s6 lwong Block) va nang luc biéu dién
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(kich thudc FF-dim). Viéc ting s6 lugng Transformer Block ttr 1 1én 2 khi FF-dim duoc
gitt 0 mitc 256 da mang lai su cai thién hiéu sudt ro rét, cu thé la tang do chinh xac tt
67% 1én 69%. Diéu nay ching to viéc tich hop thém chiéu sdu cho phép mé hinh hoc
duoc cac phép biéu dién da tang phtic tap hon, tir d6 nang cao kha nang phan loai cam
xuc. Nguoc lai, khi thiét ké€ mo hinh véi 2 block véi FF-dim = 512 thi d6 chinh xac trén
tap danh gid khong cai thién (van 1a 67%), du s6 lugng tham s& da mo rong 1én 2.2M.
Hién teong nay cho thady mo hinh trd nén qua phtec tap so véi quy mo cua tap dix liéu
FER2013, dan dén nguy co overfitting va lam giam kha ning khai quat héa. Do do,
SCoTER Model 3 (2 Block, FF-dim = 256) 1a m6 hinh t6t nhat vi dat duwoc dd chinh xéac
cao nhat (69%) vai s6 tham s6 duoc tdi wu (1.9M).

4.4 Danh gia hiéu ning ting khdéi

D€ phan tich déng gdp cua tiing thanh phan trong kién truc SCoTER, nhom
nghién ctu thwc hién thi nghiém loai trte br?mg cach Tan lwot vo hiéu hoa khoi
Transformer va khoi Patch Extraction, két qua thé hién ¢ Bang 4. Cu thé, khdi Patch
Extraction giap mo hinh nidm bat dic trung cuc bg, trong khi khoi Transformer mo hinh
hda m6i quan hé toan cuc gitra cac vung biéu cam. Do d6, mo hinh day du duoc lwa chon
cho céc thi nghiém tiép theo nham dam béo s can bang gitta d chinh x4c va hiéu qua
tinh toan.

Bang 4. Két qua thi nghiém loai trit (Ablation Study) danh gia hiéu qua
cua tteng khoi trong mo hinh SCoTER

Cau hinh m6 hinh Patch Extraction Transformer Val-Accuracy
(FER 2013)
Khong Transformer v x 67%
Khong Patch Extraction x v 67%
M6 hinh day du v v 69%

5. KET LUAN

Nghién cttu dé xudt SCoTER, mot mo hinh lightweight cai tién tir PAtt-Lite cho
bai toan FER. Cac dong gop chinh bao gom: (1) Tich hop Multi-Head Attention thay
thé Self-Attention don, gittp hoc méi quan hé toan cuc hiéu qua hon; (2) Tai thiét ké
Patch Extraction véi 3 16p convolution dé taing kha nang biéu dién cuc bd. Két qua thuc
nghiém cho thdy SCoTER dat 69% trén FER2013 (tang 7% so véi PAtt-Lite) voi chi 1.9M
tham s6, chitng minh hiéu qua trong moéi treong thuc té€ ¢6 han ché vé phan cting. Thi
nghiém loai trir khang dinh vai tro b tro ctia cac khdi trong viéc tang cuong kha nang
biéu dién d4c trung cam xtic. Tuy nhién mo hinh van gap khé khan véi bidu cam vi t&
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va cam xdc phtec hop. Hiéu néng trén FER2013 (69%) van con khoang céch so véi state-

of-the-art (~75%), do han ché& vé chat lwgng dir liéu va s6 luong tham s6. Trong tuwong

lai,

nhom nghién ctru sé ti€p tuc toi wu co ché attention thich tng (adaptive attention)

nham giam d6 phtic tap tinh toan, dong thoi mé rong mo hinh cho cac bai todn nhan

dang cam xtc trong moi treong dong va da phuong thitc.
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SCoTER: A LIGHTWEIGHT CNN-TRANSFORMER MODEL FOR FACIAL
EXPRESSION RECOGNITION
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ABSTRACT

Facial Expression Recognition (FER) is a fundamental problem in computer vision,
playing a vital role in applications such as human-computer interaction, behavior
monitoring, and real-time emotion analysis. Although recent deep learning models
have made remarkable progress, their high computational complexity remains a
major challenge for practical deployment. To address this limitation, this study
proposes a lightweight model inspired by PAtt-Lite, aiming to improve recognition
accuracy while maintaining computational efficiency. Experimental results
demonstrate that the proposed model achieves 100% accuracy on the CK+ dataset
and 69% on FER2013 - an improvement of 7% compared to the original model on

FER2013 - thus confirming its effectiveness and potential for real-world applications.

Keywords: Facial Expression Recognition (FER), MobileNetV1, Transformer, Patch
Extraction, Lightweight Model.
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