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TOM TAT

Ty déng nhan dang cam xtc khuén mat (FER) 1a mét phan cua hé thong twong téc
nguroi - may, la linh vuec dwoc nghién cttu réng rai trong va ngoai nuwdc. Cac
phuong phap FER hién tai c6 thé duwgc phan loai thanh hai nhém chinh: cac
phuong phap tiép can dua trén hoc mdy thuan tuy khong ting dung mang no-ron
va cac phuong phap tiép can dua trén hoc sdu c6 iing dung mang no-ron tich chap.
Trong nghién cttu nay, chiing toi tap trung nghién cttu cach nhan dién khuén mat
bang phuong phép Haar cta Viola-Jones, dong thoi cai dat hé théng mang no-ron
tich chap d€ phan loai cam xtc khudn mat cting nhu viéc két hop phuong phap
hoc may truyén théng va mang no-ron tich chap hién dai. Chung téi tién hanh doi
sanh két qua vodi cac nghién cttu khac trong khoang 5 nam tro lai day trén cung bo

dit liéu duoc stt dung rong rai FER2013.

Tt khoa: Haar , mang CNN, nhan dang cam xdc, mang noron tich chap.

1. MO PAU

Nhan biét cam xtic con nguoi (FER) nam trong s& nhitng tng dung quan trong
cua linh vuc thi gidc may tinh, ddc biét trong béi canh ngay nay, khi nhu cau giao tiép
ctia con nguoi ngay cang phat trién. Cach thirc giao tiép ngay cang da dang va kem
theo d6 la cac thong tin cam xtic. Phat hién cam xtic nham diéu chinh hé théng d€ phuc
vu con nguoi mot cach tot hon. Viéc nhan biét cam xtc giup cai thién su hiéu biét va
twong tac gitra con ngwoi voi con ngwoi, con nguoi voi mdy tinh. Xay dung mo hinh dé
nhan dién cam xdc hiéu qua ciing dang 1a bai toan khé va hdp dan véi nhiéu nha khoa
hoc cling nhu cac nha phat trién tng dung ttr trudc dén nay.

Vay nén, ching t6i chon dé tai: “Nhdn biét cam xiic con nguoi s dung dic trung
Haar va mang noron tich chdp” d€ nghién cru. Muc tiéu va pham vi nghién ctu la tim
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hiéu cach FER bang cach stt dung Convolutional Noural Networks két hop bo dic
trung Haar, tng dung vao nhan biét cam xtic con nguoi. Cach phan bé cac 16p mang,
diéu chinh tham s6 d€ dat duwoc hiéu qua tot nhat.

2. PHUONG PHAP NGHIEN CUU

Dé nhan dang cam xuc, chung ta thuong st dung cong nghé vé linh vuc CV véi
muc dich tu dong nhan biét va md ta hinh anh mot cach chinh xac va hiéu qua. Ung
dung CV st dung tri tué nhan tao va hoc may dé€ xt ly nhitng d@ liéu nay mot cach
chinh x4c nhdm xé4c dinh d6i twong va nhan dién khuén mat, ciing nhu phan loai, dé
xuat, giam sat va phat hién.

2.1. Téng quan cic nghién citu gin diy vé nhan dang cam xtc

Pa s6 cac nghién ctru gan day déu st dung Deep Learning (DL). [2] da trich
xudt mot tap hop cac ban d6 déc trung sau bang md hinh CNN dwoc hudn luyén trudce
ttr cac hinh anh dau vao, noi cac dac diém sau cuc bo dugc thu thap day dac, [2] khong
chi cho thdy hiéu sudt vuot trdi trén dit liéu quy mo 16n ma con c6 kha nang hoc biéu
dién tinh nang hiéu qua ttr mot tap di liéu twong ddi nho. Mot s6 thi tao ra chién lwoc
hop nhét dé tang hiéu suat phan loai [1].

2.2. Mot s6 phuong phap nhin dang déi tugng

FER duoc chia thanh nhiéu hudng nghién ctu theo cac tiéu chi khac nhau, tuy
nhién ta c thé€ chia thanh hai phuong phap chinh la: ¢6 tng dung mang no-ron nhan
tao va khong st dung mang no-ron nhan tao.

2.2.1. Phuwong phap khong ttng dung mang no-ron nhan tao

Hé thong FER véi phuong phap nay thuong qua cac giai doan: tién xtt ly hinh
anh khuon mat, trich xuét dac trung va phan loai.
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Hinh 1. M6 ta hé thong FER khong sit dung mang no-ron nhan tao
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Tién x& ly hinh anh muc dich d€ cai thién hiéu sudt cta hé thdng va duoc thuc
hién cac quy trinh: can chinh d6 r6, loc nhiéu, chia ty 1€ hinh anh, diéu chinh d¢ tuong
phan v.v...

Trich xudt ddc trung 1a mot giai doan quan trong, né phat hién ra viéc chuyén
ttr mo ta d6 hoa sang mo ta dit liéu an, trich chon nhitng dac trung riéng nhat caa hinh
anh, sau d6 nhitng mo6 ta dix liéu nay co thé dugc sit dung lam dau vao cho bai toan
phan loai.

Phan loai la giai doan cudi cung, d€ phan loai ra cac loai cam xuc trén khudn
mat: hanh phuc, budn ba, bat ngo, tic gian, so hai, ghé tdm va binh thuwong. St dung
cac phuong phap phéan loai nhu: Cay quyét dinh, Support Vector Machine, Hidden
Markov Model,...

2.2.2. Phwong phap c6 ttng dung mang no-ron nhan tao

Phuong phap nay thuong cd cac budce chinh thue hién qua cac giai doan: tién
xtt ly hinh &anh, phan 16p st dung hoc sau.

-Tién xi¢ ly danh: xt ly 1 s6 van dé cua anh dau vao hé thdng, xtt ly trudc qua
trinh trainning thong qua cac budc thyce hién: Cén chinh khuén mat d€ phat hién
khuén madt, tang d@ liéu hinh anh dam bao da dit liéu training, chuan hda dit liéu
khuon mét. St dung cac phuwong phap CNN, DBN, DAE, RNN, GAN...

-Phin logi: Trong phuong phap truyén théng budce trich xuat ddc trung va budc
phan loai tinh nang la doc 1ap vo6i nhau, trong Deep learning cé thé thuc hién FER theo
cach tr dau dén cudi. Mot 16p softmax dwoc thém vao cudi mang dé€ diéu chinh 16i lan
truyén nguoc, sau d6 xac suat du doén ctia tling mau c6 thé duoc mang truc tiép xuat
ra.

DL st dung cac ky thuat hoc sau hiéu qua nho cdu tric sau va kha nang tw hoc
cac tinh ndng quan trong tir bd dinh dang va tao ra két qua dau ra, giai quyét tot bai
toan nay. DL chu yéu duoc phat trién dya trén nguyén ly ky thudt mang no-ron nhan
tao.

2.3. M6 hinh két hgp dic trung Haar va mang no-ron tich chap
2.3.1 Dac trung Haar-like

Trich chon dic trung 1a qua trinh chuyén doi dt liéu dau vao thanh mot tap
hop cac dic trung cd ¥ nghia cao hon, nham giam chiéu dit liéu, loai bo dit liéu khong
quan trong va tao ra mot biéu dién tSt nhat ctia di liéu. Muc tiéu cua trich chon dic
trung la gitp cho mo hinh hoc mdy hodc thuéat toan c¢é kha nang hoc va tong hop thong
tin hiéu qua dé thuc hién cac tac vu nhu phan loai, nhan dién, phat hién va du doan.
Dau vao 1a vec to bidu dién, dau ra 1a ma tran c6 kich thuéc mxn. Khai niém déc trung
dwgc st dung dé biéu thi mot phan thong tin lién quan dé€ giai quyét cac nhiém vu
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nhét dinh. Cac dic trung md ta thudc tinh cua d6i twong bao gom: diém anh, vung
anbh,..

Déc trung Haar-like la mét trong nhing phuong phap hiéu qua nhat dé phat
hién d6i twong, duoc dé xudt boi Paul Viola va Michael Jones [5]. C6 4 dic trung Haar-
Like co ban dugc sit dung va duoc chia lam 3 tap ddc trung nhw sau: Déc trung canh
(Edge features), dic trung duong thang (Line features), dic trung xung quanh tam (
Center-suround features).

1. Edge features

mB Q>

(a) (b) (c) (d)
2. Line features E ; & a %
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3. Center-surround features
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Hinh 2. Chi tiét cac bd loc Haar

Vé co ban ddc trung Haar hoat dong bang cach st dung nhiéu bd loc Haar nhie Hinh 2
qua nhiéu lugt (cascade) d€ tao thanh hé thdng nhan dién hoan chinh.

Hinh 3. M6 ta by loc Haar-like hoat dong

D¢ tang tinh hiéu qua va t6c dd nhan dién khuén mat Viola va Jones dung
thuat toan AdaBoost két hgp cac bd phan loai yéu tao thanh bd phéan loai manh theo
mo hinh phén tang.

2.3.2 M6 hinh mang no-ron nhan tao

Mang no-ron (Neural Networks - NNs) bao gom cac no-ron két ndi véi nhau

nhu dwgc tim thdy trong cac bo ndo sinh hoc. Thanh phén la cdc no-ron va cach ma

nhau.
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Hinh 4. M6 hinh no-ron va mang no-ron nhan tao
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Mang no-ron nhan tao c6 kha nang tw dong hoc cach biéu dién dic trung tie di
liéu dau vao, quan ly do phtic tap cia mo hinh, hoc tir dit liéu 16n cling nhu hoc tinh
toan phi tuyén khi di liéu khong phai ltc nao cing tuan theo cac méi quan hé tuyén
tinh don gian.

2.3.3 Giai phap CNN két hop dic trung Haar

Hé thong duoc chung toi trién khai phat hién khuén mat nguoi st dung bo
phan loai tang Haar tir hinh anh dau vao da cho va sau d6 cat khuoén mit va chuan hoéa
hinh anh thanh 48x48 pixel. Pau vao duoc truyén qua CNN va dau ra cho két qua la
mot 16p (0-6) tike la 0: 'tie gian', 1: 'ghé tom', 2: 'so hai', 3: 'hanh phtc, 4: 'budn’, 5: 'ngac
nhién', 6: 'trung tinh'.

Hé thdng chung t6i xay dung gom 9 khéi lién ké két ndi, modi khoi bao gom mot
16p tich chap, ham kich hoat ReLU va 16p chuan hoa Batch Normalization (Hinh 5).
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Hinh 5. Mo ta giai phap két hop cua ching t6i.

- Doi voi 16p tich chap, duoc sit dung dé€ trich xuét cac tinh nang quan trong,
chi gitt lai nhitng ddc trung chinh. Trong ting 16p tich chap chung t6i cai ddt cac thong
s0 nhu: sd kénh dau vao, sd kénh dau ra, kich thudc ctra so truot, 1€ padding va thong
s0 bias nhu Bang 1.

- Ham ReLU dam bao tinh phi tuyén ciia mé hinh huan luyén sau khi da thuyec
hién mot loat cac phép tinh toan tuyén tinh qua cac 16p tich chap.

- Lép chudn hoa Batch Normalization la lam tang d¢ chinh xac ctia m6 hinh,
cho két qua test tot hon, chay nhanh hon, hdi tu sém hon.
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Bang 1. Tham sd cac 16p tich chap ching t6i st dung

TT Tén 16p S8 kénh Sé kénh  Kich thwéc Padding Chuan hoa
dau vao dau ra b6 loc batchnormal

1 convblockl 3 32 3,3) 1 32

2 | Convblock? 32 64 (3,3) 1 64

3 Convblock3 64 128 3,3) 1 128
4 Convblock4 128 265 3,3) 1 265
5 | Convblock5 256 512 1,1) 1 512
6 Convblock6é 512 1024 3,3) 1 1024
7 Convblock?7 1024 1024 3,3) 1 1024
8 | Convblocks 1024 512 3,3) 1 512
9 Convblock9 512 256 3,3) 0 256

Chung t6i cling dwa 16p pooling vao sau cac 16p tich chép 2, 5 va 7 d€ lam giam
kich anh dau ra trong khi van gitr duoc cac phan quan trong cua anh dau vao. Tt d6
giam duoc s6 lwgng tham s6 cling nhw tang hiéu qua tinh toan.

Sau 9 khoi 16p két nodi, chung t6i chen vao hé thong cac 16p Dropout,
Avgpooling, 16p 1am phéang Flatten va 2 16p két ndi day du Full Connected véi muc
dich nhu sau:

- Lép Dropout: viéc t6i wu cac tham s d€ lam cho giam ham mat mat, giam
tinh trang qua khdp overfitting (hién tirong mang no-ron qua bam sat vao tap dix liéu
huan luyén va khong dap tng dwoc vdi cac tap dix liéu mdi). Lép Avgpooling - gop
trung binh toan cau: thuc hién mot kiéu 1ay mau xudng cuc doan, trong d6 ban do6 ddc
trung c6 kich thudc chidu cao x chiéu rong dugc ghép xudng thanh mang 1 x 1 bang
cach 1ay trung binh ctia tat ca cac phan tir trong moi ban d6 dac trung, trong khi d6 sau
cua ban d6 dac trung duoc gitt lai. Thao tac nay thuong chi duoc d4p dung mot lan
triede khi cac 10p dwoc két ndi day da. Uu diém 1a: gidm s8 lwong tham s6 ¢d thé hoc
duoc va cho phép CNN chdp nhan dau vao c6 kich thwdc thay ddi. Lép lam phang
Flatten: duoc st dung dé chuyén ma tran 2 chiéu thanh moét vecto tuyén tinh (bién doi
d@ liéu tir khong gian da chiéu thanh khong gian mét chiéu). Vecto tuyén tinh dwoc
dua dén mot 16p dwge két n6i ddy du d€ phan loai. Lop két ndi day du (Full
connected): 1a dau ra tir 16p tich chap trich xuat cac tinh nang quan trong va 16p tong
hop lam giam kich thwéc ctia hinh anh van gitr cac tinh ndng quan trong. Sau khi trai
qua giai doan cta l6p dwgc két ndi day du, 16p cudi cung la ham kich hoat softmax
duoc st dung d€ 1ay xac suat cua doi twong dua trén dau vao thudc vé cac 16p cu thé
(phan loai).
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3. KET QUA VA THAO LUAN
3.1 Mo ta bai toan va bo dit liéu
Bai toan duoc dét ra la phai lam sao dé€ khi dwa hinh anh khuon méat mot nguoi
bat ky vao, hé thdng phai tw dong phan loai ra loai cam xtic ma nguoi nay dang hé
hién la twong tng vdi loai cdm xtic nao trong co so dit liéu.
Pau vao la hinh anh, video ttr camera, dau ra la trang thdi cam twong ting trén hinh.
Tap di liéu chiung toi st dung la FER2013, bao gdém 35.887 anh xam: hinh anh
khuon mat kich thudc 48x48 pixel tir nhiéu goc do khac nhau. 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’. Trong do, hinh anh dao tao 28709, tap anh thit nghiém
3589. Mot s6 cam xuc tir bo dit liéu FER-2013 duoc hién thi trong Hinh 6.

Hinh 6. Tap di liéu mau FER 2013

3.2. Thuc nghiém va danh gia két qua

Phuong phap duoc dé xuat bao gom chin 16p chap, ba 16p téng hop t6i da, mot
16p tdng hop trung binh, mot 16p lam phang va hai 16p két ndi day du. Lép dau ra la
softmax dwgc st dung dé€ tinh toan két qua tir cdc mang no-ron tich chap. Thong qua
két qua thi nghiém, phuong phap dé xuat ctia chung t6i dat dwgc dd chinh xac xac
nhan la 68,88%.

Chung t6i sit dung may tinh c6 cau hinh: Windows 10 64 bit, i5 3200 4 16i, RAM
8Gb, ngon ngtt 1ap trinh Python 3.7 trén mdi treong Anaconda,.

a5 Accuracy=63.07: 106%| [ 4407440 [01:12¢00:00, 6.161t/5)

y=63.03: 100% [N 2:0/440 [P1:13¢B0:08, 6.10it/s]

Hinh 7 Két qua quad trinh hudn luyén mo hinh

Thuec hién trong mdi truong c6 anh sang tot, khong bi nguwoc sang, gbc quan sat
nguoi cua camera la chinh dién, khong ding qua xa so véi camera va khudén mat
khong bi che khuat.
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Chung t6i da tién hanh cac thir nghiém sau gid tri bo hoc. N6 da duoc tim thdy

rang khong cé overfitting trong md hinh nhuw thé hién trong Hinh 8 va Hinh 9. Thoi

gian tinh todn cta qua trinh dao tao mat 87s mdi eporch véi kich thude 16 64. Trong

qué trinh dao tao, chiing tdi nhan thay rang ton that dao tao giam trong khi d6 chinh

xac cua dao tao tang lén khi nhiéu eporch duoc dao tao.
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Hinh 8. D6 thi xac nhan d6 chinh xac mo hinh huédn luyén, Hinh 9. D6 thi xac nhan d6 mat mat

mo hinh huén luyén

Chung t6i da tinh toan cac s0 liéu danh gia nhuw ma tran nham 1an, d6 chinh xéc
nhu thé hién trong Hinh 9.

Confusion Matrix
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M6 hinh da nhéan dién thanh cdng bd suu tap hinh anh khuén mat dau vao. Cac
thi nghiém véi hinh anh dau vao da duoc thuc hién, hé thdng da nhan dién thanh cong
cam xuc khudn mat nguoi. Khi so sanh hiéu suat gitra cac phuong phép trudc day va
phuong phap duoc ching t6i dé xuat nhan thdy tinh kha quan cao, hiéu suat dat duoc

kha tot .

Bang 2. So sinh cic phwong phép truéc ddy va phwong phdp chiing t6i tim hiéu xdy dung.

Phuong phap Co s6 dir liéu | SO trang thai biéu | D¢ chinh xac xac
ap dung cam thuc
Tu men et al [6] FER2013 7 57.1%
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Knyazev et al [7] FER2013 7 60.0%

Liu et al [8] FER2013 7 62.44%

Giannopoulos et al [9] FER2013 7 64.20%

Haque et al [10] FER2013 7 63.11%

Agrawal et Mittal [4] FER2013 7 65,77%

Phwong phap caa chiung FER2013 7 68.88%
toi

Qua trinh thye nghiém, ching toi thu lai mét s6 hinh anh nhw Hinh 10, Hinh 11 sau:

=

Hinh 11. Nhdn dién cam xiic ddng nguoi

4. KET LUAN

Tit nhitng ndi dung trén, ching toi két luan rang nghién ctu da dat duoc muc
tiéu ctia minh. Tuy nhién, con rat nhiéu co héi d€ cai thién va mé rong nghién ctru nay.
Dac biét 1a viéc nghién ctru cac bién thé khac ctia m6 hinh hoc sau hodc ap dung né cho
cac linh vye khac nhau cting nhu viéc cung cap tap di liéu 16n va da dang hon, chéng
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han nhu tap dit liéu khudn mit ctia nguoi Chau A,..d€ dam bao tinh kha thi, phd quat
va dd chinh xac ctia mo hinh.

Dai voi thuat toan Haar-like d€ phat hién khudén mat, chung t6i nhan thay dap
tng rat tot voi viéc nhan dang khuon mat trong tu thé truc dién, cling nhu dap tng vé
tinh titc thoi cia khung hinh qua camera va webcam mady tinh vi tinh don gian gon
nhe ctia thuat todn. Tuy nhién van con mot s6 han ché khi trién khai hé théng trén thuc
t€ nhu tinh nguoc sang, goc nghiéng, phan che khuat cta khuén mat cting nhw kho
kiém chiing qua hé thong camera ngoai thuwe dia nén mo hinh c6 thé con t6i wu dwoc
nham dat hiéu qua cao nhat.

Trong twong lai, c6 thé cd nhiéu co hoi d€ mé rong va phat trién nghién ctru vé
cht d& nhan dang cam xtic. Chung t6i hy vong rang nhitng két qua va hiéu biét tir luan
van nay c6 thé€ dong gdp mot phan nho vao linh vuec thi giac mdy tinh, ly thuyét nhan
dang va giup lam sang t6 mot phan nao d6 vé hoc may va tri tué nhan tao. Chung to6i
cling mong rang nghién ctru nay c6 thé tiép tuc dong gdép vao su hiéu biét va phat trién
trong linh vuc ting dung mang noron nhén tao va giup giai quyét cac thach thirc va
van dé quan trong lién quan dén chu dé nhan dang cam xtc nay.
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USING HAAR FEATURES AND CONVOLUTION NEURAL NETWORKS
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ABSTRACT

Automatic Facial Expression Recognition (FER) is a part of human-machine
interaction systems, which is widely researched both domestically and
internationally. Current FER methods can be classified into two main groups: pure
machine learning-based approaches without neural network application, and deep
learning-based approaches employing convolutional neural networks (CNNs). In
this study, we focus on investigating face detection using the Viola-Jones method,
while implementing a convolutional neural network system to classify facial
expressions, as well as combining traditional machine learning methods with
modern CNNs. We conduct a comparison of results with other studies conducted

over the past 5 years using the widely-used FER2013 dataset.

Keywords: Haar, CNN network, emotion recognition, convolutional neural

network,
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