HQC VIEN CONG NGHE BU'U CHINH VIEN THONG

VO THI HONG NHUNG

PHAN TICH BIEU CAM MAT NGUOI DUNG
MANG NO RON TiCH CHAP

LUAN VAN THAC SI KY THUAT
(Theo dinh hwdéng ing dung)

TP. HO CHI MINH — NAM 2022




HQC VIEN CONG NGHE BU'U CHINH VIEN THONG

VO THI HONG NHUNG

PHAN TICH BIEU CAM MAT NGUOI DUNG
MANG NO RON TICH CHAP

Chuyén nganh: Hé thong thong tin
Ma so: 8.48.01.04

LUAN VAN THAC SI KY THUAT
(Theo dinh hwong vrng dung)

NGUOI HUONG DAN KHOA HOC :
PGS.TS. Lé Hoang Thai

TP. HO CHI MINH - NAM 2022




LOI CAM DOAN

T6i cam doan rang luan van: “Phdn tich biéu cim mdt ngwoi dung mang no

ron tich chdp” 1a cong trinh nghién ctru cua chinh toi.

Nhiing két qua nghién ctru duoc trinh bay trong luan van 1a cong trinh cta

riéng cta toi dudi su hudng dan cia PGS.TS Lé Hoang Thai.

To61 cam doan céc sO li¢u, két qua néu trong luan van la trung thuc va chua

ting duoc ai cong bd trong bat ky cong trinh nao khac.

Khong c6 san pham/nghién ctru nao cua nguoi khac dugce st dung trong luén

vin ndy ma khong duoc trich dan theo ding quy dinh.

TP. Hd Chi Minh, ngay 25 thang 01 nim 2022

Hoc vién thuc hién luin van

V6 Thi Hong Nhung



LOI CAM ON

Trong subt qua trinh hoc tap va nghién ctru thuc hién luan van, ngoai nd luc
ctia ban than, t6i dd nhan dugc sy huéng dan nhiét tinh quy bau cia quy Thay Co,
cung voi sy dong vién va ung hg cua gia dinh, ban bé va déng nghi¢p. Vo1 long kinh
trong va biét on sau séc, t6i xin guri 161 cam on chan thanh toi:

Ban Gidm hi¢u, quy Thﬁy Co6 Khoa Dao tao sau dai hoc ciia Hoc vién Cong
ngh¢ Buu chinh Vién thong da tao moi diéu kién thuan loi gitip t61 hoan thanh luan
van.

T6i xin chan thanh cam on Thay PGS.TS L& Hoang Thai, nguoi thay kinh
mén d3 hét 1ong giup d&, hudng dan, dong vién, tao diéu kién cho toi trong sudt qua
trinh thyuc hién va hoan thanh luan van.

Tbi xin chan thanh cam on gia dinh, ban beé, dong nghiép trong co quan da
dong vién, hd tro toi trong luc kho khan dé t6i co thé hoc tap va hoan thanh luan van.

Mic di da c6 nhiéu c6 gang, nd luc, nhung do thoi gian va kinh nghiém nghién
ctru khoa hoc con han ché nén khong thé tranh khoi nhing thiéu sét. Toi rit mong
nhan duoc su gdp ¥ cia quy Thay Co cung ban bé dong nghiép dé kién thuc cua toi
ngay mot hoan thi¢n hon.

Xin chan thanh cam on!
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. MO PAU

1. Ly do chon dé tai

Phan loai biéu cam 1a linh vuc da duoc nghién ctru trong nhiéu nam qua vai
nhiéu tng dung trong nhiéu linh vie khac nhau gin lién véi cac hé thong tuong tac
ngudi may. Trong may hoc, phan loai biéu cam 1a mot bai toan kho, tuy nhién, ddi
v6i con nguoi, van dé nay cé thé giai quyét ngay lap tirc. Cac thach thic chinh la:
hinh anh biéu cam cia cing mot ngudi & cling mot biéu cam van c6 thé khac nhau ¢
nhing diéu kién 4nh sang, méi trudng va goc quay. Nhitng bién doi nay cang 16n khi

c4c ddi tuong nghién ciru cang da dang.

- Nhéan biét cam xtc tir nét mit c6 mot sd loi thé nhu:
o Tiép can theo hudng tu nhién nhét dé xac dinh trang thai cam xuc cua khudén
mat.
o Nhiéu bd dit liéu c6 sén cho biéu hién cam xtc trén khudn mit.
o Nhiéu cong cu hd tro xac dinh cam xtc khudén mit co san.
- Nhaén biét cam xuc tir nét mit ciing c6 mot s nhuge diém nhu:
o Khong thé cung cip thong tin ngit canh, do d6 doi khi két qua bi sai léch.
o Két qua phat hién cam xtc phu thudc vao chét luong hinh anh hodc video.
o Chuyén dong lién quan dén cam xtc khudn mit co thé duoc d6i twong cd tinh
lam gia nhu cac dién vién ...

Vi thé, nhan biét biéu cam van 1a mot thach thire véi thi giac may tinh. Trong
luan van ndy, dwa ra mot hudng tiép can don gian cho nhan biét biéu cam khuon mat:
két hop giita Convolutional Neural Network (CNN) va cac budc tién xir ly dic trung.
CNN s& dat do chinh x4c rit cao néu hoc véi bo dit liéu 16n. Tan dung uwu diém nay,
du kién dé xuat phuong phap ap dung vai ki thuat tién xt 1y dé chi rat trich cac thanh
phﬁn dac trung cho biéu cam trén khudén mit va két hop véi CNNs dé thuc hién phan
loai cam xuc hiéu qua. Du kién sé& thuc nghiém danh gia trén 2 tap dir liéu cong khai

16n (CK+, JAFFE). Céc thuc nghiém s& duoc thuc hién dé danh gia cac anh hudng



cua tién xur Iy va mot s6 anh hudng ctia cac yé€u to khac. Hy vong xay dung duoc hé
thong phan bi¢t cam xtc c6 do chinh xac cao va dap ung cac yéu cau ve thoi gian

thuec.

2. Tong quan vé van dé nghién cieu

2.1 Phén chia cam xuc khuén mat

- Bang dudi day cho biét biéu cam trén khudén mat thé hién bay cam xuc chinh

cua con nguoi [1]:

Bang 1. 1: M6 ta cac cam xic co ban cia con nguoi

Cam xuc Bi€u cAm khudon mat

Vui vé Khoée moi hé ma,Ma nang cao

D61 mi mat trén sup xudng,

Buon ba ., .
mat mat tap trung, mép kéo nhe xudng
) Mat nhin cham cham, Mt no ra,
Tuc gian .
Moi €p chat
So hai Long may nhudng 1€n, Miéng mo ra
Ghé tom D61 moi duge nang cao 1én, Miii nhan

_ Long may cong cao hon
Ngac nhién , , .
Trong trang ctia mat rd hon, miéng ha

Binh thuong Khong biéu hién gi




2.2 Tinh hinh nghién ciu

- Céc hé théng FER (facial Expression Recognition) c6 thé dugc chia thanh hai
loai chinh dua trén cach biéu dién dic trung: FER dung hinh anh tinh va FER
chudi dong.

o Trong cac phuong thirc dua trén anh tinh, biéu dién dic trung duoc ma hoa
chi vo1 thong tin khong gian tir hinh d&nh don, trong khi cac phuong phap dua
trén chudi hinh anh xem xét mdi quan hé thoi gian giita cac khung hinh lién
ké trong chudi biéu dién dau vao ctia khudén mat.

- Phan 16n cac phuong phép truyén thng di sir dung cac dic trung tim bang tay
(hand-craft features) hoic hoc nong (shallow learning) nhu : mau nhi phan cuc
bd (Local Binary Pattern - LBP) [2], LBP trén ba mit phang truc giao (LBP-TOP)
[3], hé s6 ma tran khong 4m (NMF) [4] va hoc thua [4] cho FER.

- Tuy nhién, ké tir nam 2013, céc cudc thi nhan biét cam xuc nhu FER 2013 [5],
va nhan biét cam xuc trong tu nhién (EmotiW) [6], d4 thu thap dit liéu huan luyén
tuong ddi day du tir cac ngit canh khac nhau trong thé gidi thuc, gop phan thic
day qua trinh chuyén d6i FER tir cac ngit canh trong phong thi nghiém sang cac
ngir canh thuc té ngoai ty nhién. Trong khi d6, do kha nang xir 1y ctia bo vi xur 1y
tang dang ké (vi du: Graphics Processing Unit - GPU) va kién trac mang méi gop
phan nang cao toc d6 xir tinh toan va do chinh xac trong bai toan xac dinh biéu
cam cua khuén mat nguoi.

Céc nghién ctru trong cac linh vuc FER di bat dau chuyén sang cac phuwong phap
hoc sau, dat dugc cac két qua vuot bat, do chinh xéc tdng cao va vuot qua cac két

qua nghién curu trude do voi do cach biét 16n [7].
2.3 Mot s6 cong trinh nghién ciru da c6

Tac gia Jie Cai [8] di dé xuat mot ham 16i méi Island Loss - IL dé ting cudng
kha ning phan tach cac dic trung trich xuit bang phuong phap hoc sau. Dic biét, IL

dugc thiét ké dé giam phuong sai clia cc ca thé trong cling mot 16p dong thoi mé



rong su khac biét giira cac 16p. Cac tac gia thuc nghiém két qua trén bdn co s& dir lidu
chuan da chimg minh rang CNN (Convolution Neural Network) véi ham 16i duoc dé
xuit (IL-CNN) vuot troi so v6i cac md hinh CNN co ban véi truyén thong voi ham
16i softmax hoic 15i trung tAm (Center Loss [9]) va két qua dat dugc c¢6 thé so sanh
v6i cac phuong phap cho két tot nhét (state-of-the-art) trong bai toan xac dinh biéu
cam khuon mat. tac gia da thuc nghiém trén b data CK+ [10], str dung ba khung hinh
cubi cing tao thanh 981 anh, chia lam 10 phan (fold), dung phuong phap kiém tra
chéo (cross-validation), st dung 8 phan cho huan luyén, 1 phan cho xéac thuc
(validation set) va 1 phan cho kiém thir (test set) va cho d6 chinh xac dat 94.35%.

Phuong phap nay thudc phuong phap s dung anh tinh.

Tac gia Yuedong Chen [11] di dé xuat mot mo hinh FER méi, dugc dit tén 1a
Facial Motion Prior Networks (FMPN). Cac tac gia da thém mot nhanh bo sung dé
tao ra mot mit na dé tap trung vao cac vung co mat di chuyén. Pé hoc duoc mit na
vung chuyén dong trén khuon mat khi biéu cam, tac giad da su dung dung su khac biét
trung binh giita khuon mat trung tinh(khong biéu cam) va khudn mit biéu cam tuong
mg 1am nhén huan luyén. Tién hanh thuc nghiém dé chimg minh phuong phép cia
minh, céac tac gia da sir dung tap CK+ [10] véi 3 khung hinh cudi duoc sir dung, tao
thanh 981 anh, chia lam 10 phéan (fold), dung phwong phap kiém tra chéo (cross-
validation) va d6 chinh xac (accuracy) dé danh gia mo hinh, céc tac gia da dat dugc

do chinh xac 98.06%. Phuong phap nay thudc phuong phéap st dung anh tinh.

Tac gia Debin Meng [12] va cac cong su dé& xuat mang: Frame Attention
Networks (FAN) dé tu dong lam ndi bat mot sb khung hinh tach bi¢t trong mot mang
dau cudi. Mang nhén vao 1a mot video co $6 luong hinh anh khuén mat va biéu dién
lai dudi lai trong mot khong gian c6 s6 chiéu ¢d dinh. Toan bo mang ludi bao gom
hai phan. Tao vector dic trung: st dung mang CNN cho phan tao vector dic trung
(CNN). Hoc Trong S6: Phan tht hai dung dé hoc trong sb cua mdi khung hinh, voi
mbi khung hinh s& c6 mét trong sé cho biét mirc do quan trong cua khung hinh dé
trong viéc xac dinh biéu cam khudn mat, tac giad da thuc nghiém trén bo dir licu CK+

[10] va st dung phuong phéap kiém tra chéo (cross-validation), sir dung toan bd khung



hinh c6 trong tap dit liéu, chia lam 10 phan (fold), sir dung do chinh xac (accuracy)
dé danh gia mo hinh, céc tac gia di dat duoc 99.69%, phuong phap nay thudc loai str

dung chudi hinh anh.
3. Muc dich nghién ctru

Nghién ciru dé tai nay nham muc dich tim hiéu bai todn nhan biét cam xuc tir
nét mat, tir d6 xay dung cac hé théng tng dung trong thuc tién nhu: danh gia cam xuc
nhan vién trong thot gian lam viée tai cong ty, tor d6 xac dinh hi€u qua cong vigc;
hoac xac dinh cam xuc cua lai xe duong dai: tao bao dong khi ¢ trang thai budn ngu

(tranh gay ra nguy hiém).
4. P6i twong va pham vi nghién ciru

Pbi tuong nghién ciru: tap trung tim hiéu mot s phuong phap CNN pho bién
hién nay, x4c dinh mgt trong bay trang thai cdm xtc co ban cua con ngudi dua vao

hinh anh don nhép vao.

Pham vi nghién ctru: thyc hién trén tap dir li¢u chuin CK+ [10] va JAFFE,
trén hai gigi tinh nam 1an giGi tinh nit, do tudi tir 18 - 45 tudi, voi nhidu ching tdc
ngudi khac nhau. Pong thoi, cling thir nghiém trén mot sé anh chup webcam dé minh

hoa tinh kha thi ctia hé théng vé mat ing dung.

Pé xuit cach tiép can hoc sau két hop vai cac ky thuat tién xtr 1y nhu: chuan
hoa hinh anh va ting cuong mau hoc bang cac phép rotation, translation va scaling
trén anh that (synthetic training-samples generation), véi hy vong nang cao d6 chinh
X4C trén cac bo dir lidu thir nghiém da chon. Tién t6i, xdy dung mot hé thong phan

loai cam xuc thoa cac tiéu chi bén dudi:

e Hiéu suat cao va dap ing yéu cau thoi gian thue.
e Giam tac dong cua mdi trudng va gidi quyet van dé dir liéu hoc qua it (cai

tién khau tién xtr 1y).



e Phan tich danh gia cac Két qua thir nghiém dé chi ra hiéu qua cta dé xuat.
5. Phuong phap nghién ciru

- Phuong phép chuyén gia:

o Téng hop cac kién thire da biét vé cac md hinh hoc sau — cu thé 12 mang no
ron tich chap, dua ra nhan dinh mé hinh nao phu hgp véi viéc xac dinh cam
xtc khubn mit nguoi va cé toc do cao.

- Phuong phép thyc nghiém:

o Thuc nghiém trén tap dit liéu vé cam x(c khudn mat nguoi, da duogc gan nhan
dé tim ra mot md hinh cho do chinh xac (accuracy) cao va téc d6 chay thoi
gian thuc khi xac dinh cam xuc caa khuén mat.

- Phwong phap tong két kinh nghiém:
o Nghién ciru va xem xét lai nhitng thanh qua thuc tién di c6 cla cac tac gia

da thuc hién dé rat ra két luan: giup xdy dung mé hinh dat 6 chinh xac cao.
6. D kién ndi dung ciia ludn vin

Chuong 1: Giéi thiéu chung

Chuong 2: H¢ théng nhan dang biéu cam khudn mat
Chuong 3: Thir nghiém va thao luan

Chuong 4: Ung dung

Chuong 5: Két luan va huéng phat trién



11. NOI DUNG

CHUONG 1: GIOI THIEU CHUNG

1.1 Mang no ron nhan tao
1.1.1 Gidi thiéu mang no ron nhdn tao

Mang no ron nhan tao (Artificial Neural Network ANN) 1a mot chudi cac giai
thuat 1ap trinh, mo phong dua trén cach hoat dong cia mang ludi than kinh trong ndo
b0 cac sinh vat séng. Mang no ron nhan tao dugc sir dung dé tim ra moi quan hé cua
mot tap dir liéu thong qua mot thiét ké kién trac chira nhiéu tang an (hidden layer),
moi téng lai chtra nhiéu no ron. Céc no ron duge két ndi v6i nhau va d6 manh yéu
cta cac lién két duoc biéu hién qua trong s6 lién két. [13]

Lap trinh thong thuong c6 thé 1am dugc rat nhiéu phan mém 16n, nhu tinh toan
mo phong cac vu nd hat nhan trong siéu may tinh & cic phong thi nghiém, hodc tai
hién cac té bao & cip do phéan tir & phan tich cac thir nghiém thudc. Mot siéu may
tinh c6 thé tinh toan dugc nhiéu ti phép tinh trén gidy, tuy nhién lap trinh thong
thuong lai gip kho khin trong viéc nhan ra cac mau don gian, vi du nhu nhan dién

mat ngudi, dieu ma mot bo nao sinh hoc xr Iy nhanh va chinh xac hon nhiéu.

Ap dung v6i cac k¥ thuat hoc sdu, mang no ron nhan tao hién nay dang duoc
ap dung dé giai quyét nhitng vin dé ma lap trinh theo logic thong thudng khé co thé
giai quyét dugc. Do d6, mang no ron nhan tao dang nhanh chéng tré nén phd bién,

va la xu thé trén nhiéu linh vye.
1.1.2 Kién truc mang no ron nhdn tao

Mot mang Neural nhan tao c¢6 cau triic nhu sau:



Tang 16p dau vao (Input Layer): gia tri cac node chinh 1a sb lugng dic trung
cta dir liéu dau vao khi dwa vao mo hinh. Chung ta thay gia tri dau vao 1a n thudc

tinh/dac trung. [14]

Tang 16p an (Hidden Layer): c6 s6 node an thuong khong dugc xac dinh,
thudng do kinh nghiém cua nguoi thiét ké hodc qua qua trinh thir nghiém nhiéu lan
ma c6 dugc. Tuy nhién thuc té néu sb lugng node an qua nhiéu thi mang s€ hoc cham,
con néu s node qua it thi mang s& khong rat trich du cac thong tin can thiét trén cac
dic trung. Tir d6 hiéu qua ciia md hinh s& khong duoc chinh xac. S6 lugng cac 16p
an O day co6 thé mot hodc nhiéu 16p an tiy thude vao tinh chét ciing nhu d6 phirc tap
cua dir liéu.

Tang dau ra (Output layer): gid trj cic sd node chinh 13 s lwong nhin dau ra
ma ching ta mong muén. Vi du nhu trong tap dit liéu cta chung ta c6 tong cong 5
nhan, thi dau ra cta ching ta tai 16p nay chinh 1a mot 16p 4n v6i 5 phan tir tvong tng
vG1 ndm nhan.

Input layer Hidden layers i Output layer

7 XN

i

Input 1

X @@
Input 2 " “"’ "5‘4" .
. "' "" ‘.' Omput n

Hinh 1. 1: Minh hoa vé mang neural nhan tao

Ngoai ra chung ta con mdt ) thong tin lién quan dén mang tri tué nhan tao

nhu :

e Ham t6ng (Summing function): Thudng dung dé tinh tong cia tich cac dau

vao voi trong soO lién két ciia no.



e Ngudng (con goi la do I¢ch - bias): Ngudng nay thuong dugc dua vao nhu
mot thanh phan ctia ham tong.
e Ham kich hoat (Activation function): Ham nay duoc dung dé gidi han pham

vi ddu ra cia mdi neural. N6 nhin dau vao 1a két qua ctia ham tong va ngudng.
1.2 Mang no ron tich chap (Convolutional Neural Networks)
1.2.1 Khdi ni¢m vé mang no ron tich chdp

Mang no ron tich chap 1a mot trong nhitng mang truyén thang dic biét. Mang
no ron tich chip la mot moé hinh hoc sau phé bién va tién tién nhat hién nay. Hau hét
cac hé théng nhan di¢n va xtr 1y anh hién nay déu st dung mang no ron tich chap vi
téc do xir Iy nhanh va do chinh xac cao. Trong mang no ron truyén thong, cac tang
duoc coi 1a mét chiéu, thi trong mang no ron tich chap, cac téng duoc coi 1a 3 chiéu,
gom: chiéu cao, chiéu rong va chiéu sau . Mang no ron tich chap c6 hai khai niém
quan trong: két ndi cuc bo va chia sé tham sb. Nhitng khai niém nay goép phan giam

s6 luong trong s6 can duogc huén luyén, do d6 ting nhanh duoc tée do tinh toan. [14]

Hinh 1. 2: Cac tang (layer) trong CNN la 3 chiéu

Convolutional Neural Networks (CNN) la mdt trong nhitng md hinh deep
learning pho bién nhét va c6 anh huong nhiéu nhat trong cong dong thi giac may tinh
(Computer Vision). CNN dugc dung trong trong nhiéu bai toan nhu nhan dang anh,
phan tich video, anh MRI, hodc cho bai cac bai ctia linh vy xtr Iy ngdn ngir ty nhién,va

hau hét déu giai quyét tot cc bai toan nay.
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1.2.2 M6 hinh mang no ron tich chdp

Mot kién trac CNN bao gdm céc 16p: convolution layer, pooling layer va fully
connected layer. O giita cac 16p convolution va pooling thuong cé cac ham kich hoat
phi tuyén. Anh khi dua vao mang s& duoc lan truyén qua ting convolution layer, gia
trj tinh duoc tir cac ting convolution s& di qua mot ham kich hoat, sau d6 gia tri nay
s& duoc lan truyén qua pooling layer. Cudi cting anh s& dugc lan truyén dén tang fully
connected layer va di qua ham kich hoat Softmax, thuong thi cudi ciing sé& thu dugc
mot vector chtra xac suat phan trim thudc vé cac 16p ddi véi cac bai toan phan loai.

Vi du minh hoa vé mot kién tric mang no ron tich chap déy du:

Caichebindbtinh o 0o oo
. C1: céc ban d6 niing 16@10x10 : cdc ban c: .
DPau vao tinh niing 6@28x28 tinh %

32x32

1 |
| Kétndiddy da ‘Kt’fl ndi Gaussian
Két néi day da

‘ Tich chap ‘

Liy méu

Tich chap Ldy méu

Hinh 1. 3: Vi du minh hoa vé cdu tric CNNs — LeNet — 5[15]

% Convolution layer

Convolution layer 13 16p quan trong nhat va ciing 1a 16p d4u tién cia ctia mo
hinh CNN. Lép nay co6 chttc nang chinh la phat hién cac ddc trung c6 tinh khong gian
hiéu qua. Trong tﬁng nay co 4 dbi tuong chinh 1a: ma tran dau vao, bo filters, va
receptive field, feature map. Conv layer nhan dau vao 12 mot ma tran 3 chiéu va mot
bo filters can phai hoc. B9 filters nay sé truot qua timg vi tri trén birc anh dé tinh tich
chép (convolution) giita bo filter va phan twong tng trén birc anh. Phan twong tng
nay trén birc anh goi 14 receptive field, tirc 1a ving ma mot neuron c6 thé nhin thay
dé dua ra quyét dinh, va ma tran cho ra boi qua trinh nay duoc goi 1a feature map.

Khi dua anh vao mang, b filter s€ quét qua toan bo anh cho nén cac dac trung
co ban cua anh nhu 1a goc, canh, mau sic va texture s& duoc mang phat hién ra bat

ké n6 nam & vi tri nao trong anh. Do d6 tang convolution dugc xem nhu 1a mot bo
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trich chon dac trung (feature detector) vi né c6 chirc nang chinh 1a phat hién dac trung

cu thé cta birc anh dau vao. [16]

Khi 4p dung phép tinh tich chap cho xir Iy hinh anh, ngudi ta nhin thay ring
k¥ thuat tich chip nay s& gitp bién ddi cac thong tin dau vao thanh cac yéu td dic
trung (nd trong ty nhu bo phat hién nham phat hién ra cac dic trung nhu canh, huéng,
...). Hinh 1.4 minh hoa cho viéc ap dung phép tinh tich chap trén anh va cho ra két
qua la mot ban do dac trung - feature map. Cu thé hon, tich chap s€ trich xuat dic
trung cta anh dau vao qua cic vung anh nhé. Cac ving nay duoc goi 1a Local
Receptive Field (LRF). Tich chép s& tinh toan trén cac LRF chong 1ap 1én nhau. Do
chong lap nay phu thudc vao hé so trugt S (stride) ciia ting kién trac mang cuy thé.
Néu su dung v&i1 hé s6 truot S = a, thi tuong ung LRF (béng kich thudc vai kernel)

s& dich chuyén o don vi pixel sau mdi lan tich chap.

Filter 1

Input

4x4

t %] LS
B - o
&1 w w

3x3x3

LT I I |
& | o | ©

SR

5 |4 |7 |8 —

Filter 2

o
@

5|7 | 7|9 |2(1H

4x4x2

58|53 |84

bx6x3

Hinh 1. 4: Minh hoa cach thirc tinh chap ctia mgt anh RGB va ma tran kernel

Anh dau vao sau khi thuc hién qua trinh tich chap s& thu dugc ban do dic
trung, s6 LRF & anh dau vao s& twong g véi sb neural & feature map va kernel s&
la trong s6 lién két mdi LRF v&i mot neural ¢ ban do dic trung. Lép tich chap co thé
chtra mot hodc nhiéu feature map. Néu 16p tich chap c6 K feature map, thi ta néi 16p
conv nay c6 do sau 1a k. Bé hinh dung rd hon vé qu4 trinh ndy, sau ddy s& minh hoa

qua trinh trich xuat dic trung tir anh ddu vao cu thé nhu sau: thuc hién xr Iy tinh gia
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tri dau ra cua mot anh c6 kich thuge W1xH1xD1 (W1 vaH1 lan luot 1a chiéu rong
va chiéu cao ctia anh va D1 13 chiéu siu hay thyuc chat 13 gia tri tai 3 kénh mau twong
mg ctia anh RGB). khi 6, mot Conv nhu mét cira so truot (sliding window, con
duogc goi 1a kernel, filter hay feature detector) voi kich thude F xF - gia su trong
truong ta sit dung K filter. Trong qué trinh xir 1y, mdi filter s& duoc tinh toan voi tat
ca cac LRF trong hinh va S = a. Trong mot sé trudng hop dé can bang gitra sd budc
di chuyén va kich thudc cua anh, ngudi ta da chén thém P pixel voi mot gia tri mau
dugc gan (thong thudng 1a 0) xung quanh vién cua anh. sau ciing ta thu dugc ma tran

dau ra (feature map) véi kich thude W2 xH2 xD2. [17] [18] [19]

3]
< 1
Piémanhngudn _—To 0
1 51 L1
( \0/{3 4
3 2 | |1 (-1x3)+(0x0)+(1x1)+
/ﬁ‘ 516 2 (2x2)+(0x6) + (2x2) +
B3> = 1 (1x2)+(0x4)+(1x1) =-3
4 0
[2 112 & { \
b~ 1
3L 2 |4 } <t 10 _
6 6 6 2 K
2T P < /1 2 1 //
2L liariee Gl T
2 } 1 0]~ | L1
4 -
2]~ / 4 ==
Ma tran filter L1
Diém anh dau ra =
|
|~

Hinh 1. 5: M6 phéng qua trinh tich chip trong CNN

R/

% Ciac tham s ciia 16p tich chap — Convolutional Layer:

Céc tham sd co ban clia ting convolution chinh 1a kich thuéc filter, stride va
padding. Trong d6 quan trong nhat chinh 1a kich thuéc b filter, vi né ti 16 thuan voi
s6 tham s can hoc tai mdi ting convolution va 1a tham sd quyét dinh receptive field

cta tng ndy. Kich thudc filter phé bién thuong dung 1a 3x3.
Thong thuong ching ta nén chon kich thudce filter nhd, vi cac ly do sau:

o Rt trich dugc céc dac trung ¢ tinh cuc bd cao.
o Phat hién dugc cac dac trung nho.

o Rt trich da dang dic trung, hitu ich cho céc ting sau.
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o Kich thugc anh giam cham, cho phép xay dung mét kién triic mang sdu, hoc
dugc nhiéu hon.
o Chia sé trong s6 tot.

Receptive field truoc Receptive field hién tai

Keénh miu
xanh dwong . Ma triin diu ra sau
— o N
1 2 o2 khi qua ham kich hoat
TowE [S00T
6 |18 | 32 | o M B
a3 17|18 318 1t T
177 | 63 | 25 15— e
Kénh mau xanh la Ma tran filter 3x3

Kénh mau do

Hinh 1. 6: Minh hoa vé bd loc filter

Ngoai ra, tham sd stride ciing can luu ¥ béi vi né thé hién sé pixel can phai
dich chuyén mdi khi trugt b filter qua birc anh. Tham sb padding ciing rt quan trong
bdi vi nd s& gitip giit nguyén kich thudc ma tran dau ra ciia mdi ting convolution, do

d6 ta co thé xay dung dugc mot kién triic mang véi sb tang tly .
+ Ham Kkich hoat

Ham kich hoat 1a mot ham s6 nhan vao mot gia tri dau vao va két qua la mot
gia tri c6 mién gia tri nam trén mot khoang (hay ntra khoang) nao d6. Mot sb cac ham
kich hoat phé bién co thé ké dén do 1a Sigmod, Tanh, Relu. Ham kich hoat rat quan
trong bdi vi nd sé tang kha nang dy dodn ciia mang neural va gitip mo hinh hoc dugc
cac quan hé phi tuyén phtc tap tiém an trong dir liéu. Thong thudng ham kich hoat

sir dung o giita cac tang convolution va pooling 1a ham Relu. [17] [18] [19]
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Hinh 1. 7: D6 thi ham kich hoat Relu

Ham Relu cé cong thtc toan hoc 1a f(x) = max (0, x). Ham Relu dugc va
chudng vi tinh todn don gian, gitup han ché tinh trang vanishing gradient, va ciing cho
két qua tot hon. Relu ciing nhu nhitng ham kich hoat khac, dugc dit ngay sau tang
convolution, Relu s& gan nhirng gia tri Am bang 0 va giir nguyén gia tri cua dau vao

khi 16n hon 0.

o,

¢ Lop Pooling

Lép Pooling duoc st dung sau 16p Relu theo nhu mau thiét két cac 16p theo
nhu trinh bay cua dai hoc Standford. Pooling gitp cho mang giam s6 lugng tham sb,
tir d6 gitp don gian héa qua trinh tinh toan cia CNN va qua d6 gop phan giai quyét

van dé overfiting khi huan luyén mang.

C6 nhiéu toan tir pooling nhu Sum-pooling, Max-pooling, L2-pooling nhung
Max-pooling duoc st dung phd bién nhat trong kién tric mang CNN vi né cho két
qua hon so v6i nhiing toan tir con lai. Ngoai ra, Max-pooling con gitp tao ra tinh bat
bién dich chuyén (translation invariance) cho dic trung. Cu thé, du déi twong trong
hinh anh dau vao c6 su dich chuyén nhé thi mang van c6 kha ning phan 16p chinh
xac duge ddi twong. D6 13 bai vi max-pooling chon ra neural c6 gia tri du ra tai mdi
ving neural cta 16p trude va téng hop thanh 16p sau. Viéc chon neural c6 gi trj tin
hiéu 16n nhat dugc xem nhu chon ra dic trung tdt nhat dé xu 1y. Chinh vi thé, kha
nang phan 16p chinh x4c ddi teong dya trén dic trung ny van khong thay d6i va giap

cho CNN dat dugc tinh 6n dinh khi ddi twong di chuyén.
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Trong 16p tich chap, c6 thé c6 nhiéu feature map, twong tng véi mdi feature
map s& c6 mot 16p max-pooling. Hinh 1.8 1a mét vi du minh hoa, véi 16p dau vao
kich thudc [28 x 28] gia st ta thu dugc ba feature map kich thudc [24 x 24] va ba 16p
max-pooling kich thudc [12x12], ta sir dung kernel kich thudc [5%5] va max-pooling
14y gi4 trj 16n nhét tai mdi ving [2x2] neural. [20]

Single depth slice

% 11112 |4
max pool with 2x2 filters
5|6 |78 and stride 2 6 | 8
3/2(1(0 3|4
1123 |4

y

Hinh 1. 8: Minh hea k¥ thuat Pooling trong m6 hinh CNN
« Loép Normalization

L6p Normalization (Norm) 13 16p gitip chuan hoa dit liéu dau ra cho céac 16p
trong CNN truéc khi duoc truyén di tiép. Trong nhiing kién traic CNN 16n va phuc
tap, 16p Norm sé& chuin hoa céc gia tri neural truéce khi ching dugc truyén dén ham
Relu. Ham Relu tuy gitp rat ngan thoi gian huan luyén, nhung néu khong diéu chinh
trong s6 phul hop, ham Relu sé& rat d& gip phai vin dé "dying Relu" khién cho mang
tré nén chdm hon khi huin luyén. Lép Norm lic nay s& chuan hoa va tao ra cac gia
tri tich chap phu hop dé tranh cho Relu roi vao gia tri 0. Tranh viéc gradient xap xi

béng 0 khién cho tdc d6 hoc cua mang tré nén rAt cham.
< Lép day di - Fully connected layer

Tang cubi cing ciia mo hinh CNN trong bai toan phan loai anh 1 tang fully
connected layer. TAng ndy co chirc ning chuyén ma tran dic trung ¢ ting trudc thanh
vector chira xac suét cta cac dbi tugng can duoc du doan. Vi du trong mot bai toan
phan 16p c6 10 16p, tang fully connected layer s& chuyén ma tran dic trung cta ting

truéc thanh vector ¢ 10 chiéu thé hién xac suét cua 10 16p twong ung. [8] [22]
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Hinh 1. 9: Minh hoa Fully connected layer
1.3 Bai toan phén loai cim xiic khuon mat

Nhan dang cam xuc trén khuon mat (Facial Emotion Recognition) la mot cong
nghé duoc st dung dé phan tich cam xuc theo cac ngudn khac nhau, chang han nhu
hinh anh va video. Bai toan nay thudc vé nhdm cong nghé goi 1a “tinh toan cam xuc”,
mot linh vire nghién ctiru da nganh vé kha ning ctia may tinh dé nhan biét va giai thich
cam xuc va trang thai tinh cam cua con nguoi va né thudong duoc xay dung dua trén

cong ngh¢ Tri tu¢ nhan tao. [20] [21]

Facial Expression Classification to

FaceDetection Detection Emotional State "Joy"

Hinh 1. 10: Téng quan hé thong nhan dién cam xiic

Duya vao Hinh 1.10, ching ta thfiy rﬁng mot hé théng nhan dién cam xuc hoan

chinh sé c6 ba budc chinh nhu sau:

e Budc 1: Phat hién khudén mat — Face detection, muc ti€u cuia budc nay s€ xac
dinh khuon mét & trong buc hinh, tir 46 chung ta cat khuon mit ra qua budc

hai dé xac dinh cac bi€u dién cam xuc trén khuon mat
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e Budc 2: Phat hién biéu cam - Facial Expression detection: Sau khi xac dinh
dugc khudn mat ciia mot nguoi trong bic hinh, chiing ta sé xac dinh ra cac
biéu trén khudn mat nhu 4nh mét, nu cudi, v.v.

e Buwdc 3: Phan loai cam xuc - Expression Classification: Dya vao cac déc trung
ric trich & bude 2 ching ta s€ xdc dinh cam xuc cua nguoi hién tai trén bilrc

hinh.
1.4 Két ludn chwong 1

Mang no ron nhan tao 13 mdt chudi cac thuat toan duoc str dung dé tim ra moi
quan hé cia mdt tap dir li¢u thong qua co ché van hanh cua bd ndo sinh hoc. Mang
no ron nhan tao thuong dugc huin luyén qua mot tap dir licu chuan cho trude, tir d6
c6 thé dac rat duge kién thuc tur tap dir liéu huén luyén, va ap dung voi cac tap dix

liéu khac vdi1 do chinh xac cao.

Céc phuong phap sir dung dé huan luyén mang no ron nhan tao ngay cang toi
wu hon vé mit tinh todn va phuc vu cho nhiéu muc dich khac nhau. Hién nay, kién
triic mang no ron ngay cang dugc hoan thién cho nhiéu nhiém vu, trong d6 mang no
ron tich chap duoc chi y rat nhiéu vi tinh hidu qua trong thi gidc may tinh. Mang no
ron tich chap véi cac cai tién gop phan giam thoi gian tinh todn va ting do chinh xac
htra hen s& 1a mot trong nhitng phuong phap duoc ap dung rat nhiéu vao thuc té trong

tuong lai.
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CHUONG 2: HE THONG NHAN DANG BIEU CAM
KHUON MAT

O chuong ndy, hoc vién sé trinh bay chi tiét hé thong nhan dang biéu cam
khuodn mat dua trén kién tric mang tich chap Convolution Neural Network cling nhu
quy trinh thi nghiém trén hai bo dit liéu chudn cho bai toan nay la CK+ va JAFFE.
Quy trinh thi nghiém bao gém hai budc 1a: budc huan luyén va budc thir nghiém.

Hoc vién mo ta bai toan nhu sau:
Piu vao: Buc anh ciia mdt ngudi trong bd dir liéu CK+ hodc JAFFE.

Piu ra: Nhan cam xuc cua nguoi dung theo cac 16p nhu 0. angry, 1. disgust,

2. fear, 3. happy, 4 . neutral, 5. sad va 6. Surprise.

Pha huén luyén bao gdom céc k¥ thuat: dung phuong phap tao anh téng hop
(Synthetic images generation) dé ting sb luong mau hoc; sir dung mét chudi cac ky
thuat tién xur 1y anh (pre-processing) nhu: tinh toan lai goc nghiéng ctia anh trong cac
diéu kién chup khéng 1y tudng, chuan hoa gia tri cuong do anh, loai bé nén xung
quanh gwong mit, diéu chinh lai kich thudc anh guong mit (down sampling). Sau d6
st dung mat kién trac mang hoc sau tich chap (Convolution neural network) dé huan
luyén. Pha thir nghiém giéng véi pha huan luyén tuy nhién phuong phép sinh anh s&

khong duogc ap dung.
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2.1.1 Téng hop tao méu

Céc thuat toan Hoc sau hién nay doi khi can phai duogc huén luyén trén mot
b dir liéu du nhiéu, khi thiéu dit liéu chiing ta s& phai gip cac van dé nhu: thuat toan
hoat dong tbt trén tap huin luyén nhung mo hinh lai dy doan kém trén tap thir nghiém
(over-fitting); huan luyén trd nén khé khan, khé tim ra duoc cac trong sb t6t nhat cho
mo hinh, khoé hoi tu. Trong nhiing truong hop thiéu dir liéu, viéc st dung mdt mang
Hoc sau hoic kién tric mang qua phuc tap s& mang lai két qua khong kha quan, do
d6 ta c6 thé giai quyét bang cac cach: thiét ké mot mang khong qua phirc tap dé thir
nghiém lai; sir dung k¥ thuat transfer learning dé tan dung cac trong sb dd duoc huan
luyén trén mot bo dit liéu 16n va tiép tuc huan luyén trén dir liéu riéng; thu thap thém

nhiéu dir liéu.

Céc mang CNN hoc sau thuong yéu cau rat nhiéu dit liéu dé mo hinh c6 thé
hoi tu nhanh chong, tuy nhién cac bo dir li¢u hién tai vé cam xuc guong mat thuong
gap han ché vé sb mau, do d6 viéc sinh thém dit liéu bé“mg cac k¥ thuat tang cuong la
mot giai phap can thiét dé nang cao do chinh xac cua cic mé hinh hoc sau. Viéc ting
cuong dir li¢u hoc thong thuong 1a thuc hién cac phép rotations, translations va
skewing trén anh that. Mot trong nhitng phuong phap doé la su dung Elastic
Distortions, 4p dung bién dbi affine trén cac ving cua anh, Twong ng véi ban dau
ctia mdi pixel, tinh toan vi tri m&i cho mdi pixel d6: tinh cac gia tri Ax(x, y) = ox va
Ay(X, y) = ay cho mdi pixel (x, y), gia tri color méi cho pixel (x, y) 1a color noi suy

tai pixel (x + ax, y + ay), trong d6 A 1a gia tri khodng shift va o 1a gia tri scale.

Hinh 2.3 minh hoa cach ap dung mot trudng bién d6i dé tinh toan gia trj méi
& mdi pixel. Trong vi du ndy, vi tri & A s& dugc gan (0,0), va cac vitri 3, 5,7, 9 1a
cac mirc xam ctia anh duoc chuyén doi tai vi tri (1,0), (2,0), (1, -1) va (2, -1) mot cach
lan luot. Cac bién ddi cia A duoc xac dinh 1a Ax(0, 0) = 1.75 va Ay(0, 0) = -0.5 nhu
vi du miii tén trong anh. Gia tri xdm mdi A & danh méi duoc tinh todn bﬁng cach danh

gia murc xam tai vi tri (1.75, -0.5) & anh gdc. Mot giai thuat don gian dé tinh mirc xam
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13 “ndi suy song tuyén tinh” cta cac gia tri pixel trén anh gbc. Mic du cac phép noi
suy khac c6 thé dugc st dung (nhu phép ludng tinh hodc ndi suy spline), noi suy song

tuyén tinh 13 phuong phap don gian nhit va hoat dong tbt.

Hinh 2. 3: Vi du minh hoa tinh m{t gia tri mirc xam méi & A, tai vi tri (0,0)

Mo hinh dé xuat s& sir dung k¥ thuat Elastic Distortions dé sinh thém anh trong
qua trinh huan luyén. Cy thé, mé hinh st dung Elastic Distortions véi 6 = 3 pixels
and p = 0 dé tao ra cac mau hoc voi nhiu ngiu nhién & ving mat, voi mdi anh that
s& tao ra 70 anh tang cuong. Vi tri cia mét thi twong tmg vai anh that nhung bi 1am

nhic¢u bang Gaussian noise.

Kl v

Tang cwéng diF liéu bang
Elastic Distortions

Dau vao
Hinh 2. 4: Vi du cach ap dung Elastic Distortions dé sinh cac anh gwong miit
2.1.2 Chinh sira xoay (Rotation correction)

Céc anh trong moi truong that co thé khac nhau & gbc dg, anh sang, kich thudc
du cung 1 biéu cam, nhitng khéac biét d6 c6 thé anh huong dén do chinh xac cua hé

thong. Do d6, can loai bd cac anh hudng ctia goc do bang cach can chinh lai vung
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mit theo phuong ngang bang cic phép quay va phép chuyén d6i. Bé xoay lai anh

guong mat, can phai c6 hai thong tin hinh anh khu6n mit va trung tdm cta hai mét.

V&i md hinh dé xuét, can xac dinh vi tri cia 2 mét va diém trung tam gitra 2
mat lam diém trung tAm. Thuc hién phép xoay v6i dé duong ndi 2 mat hop voi phuong
ngang 1 goc 1a 0 d6. Anh dua vao c6 thé 13 anh that hodc anh ting cudng hiéu chinh

xoay dugc thé hién & hinh dudi [8] [22] [23]

Xoay anh

Anh dau vao .
bi nghiéng Anh da dwoc
xoay diung

Hinh 2. 5: Minh hoa qua trinh xoay lai anh gwong mat

Pau vao cho qua trinh xoay lai anh c6 thé 1a anh gbc hodc anh ting cudng.
Viéc diéu chinh quay cho cac hinh anh ting cuong c6 thé khong thuc hién duoc t6t
v6i truc ngang boi vi trung tim mat 1a cac vi tri thue bi nhiéu boi diém ngiu nhién
duoc sinh ra boi Elastic Distortions. Do do, nod s€ tao ra hinh anh bi xao trdn bdi phép
quay va phép ting cudng, 1am ting s6 mau ting cudng trong dit liéu huan luyén. Hinh

18 minh hoa lai qua trinh xoay lai anh guwong mat cho hop véi phuong ngang.
2.1.3 Cit anh guwong mat (Face cropping)

Céc vung anh nén khong lién quan dén biéu cam nhung giy anh hudng dén
dd chinh xac cua mo hinh, nén can loai bo thong tin &nh nén khoi anh. Sau khi cat

anh, chi cac gia tri pixel ving mat dugc gitr lai.
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Bo di nén
anh

s e Anh gwong mat
Anh dau vao dwoc catra

Hinh 2. 6: Mét vi du loai bé cic nén xung quanh gwong mit

Vi mo hinh dé xuét, can xac dinh khoang cach gitra 2 mit, sau d6 thuc hién
cit anh guong mit v6i cac kich thude xac dinh nhu sau: chiéu cao (height) ving cit
c6 hé s6 4.5 gom: 1.3 cho ving trén mat va 3.2 cho ving duéi mat, chiéu rong ving
cat (width) co hé s 2.4, cac hé so trén nhan v6i khoang cach tir gitra 2 mat dén mat
phai dé c6 kich thudce that. Viéc loai bo cac phan nén, chi giit lai anh guong mit giup
mo hinh chi tap trung khai thac cac dac trung ngir nghia trén vung guong mat, gitp
khai thac tot hon cac yéu t6 vé cam xtic ma khong anh huéng boi nhiéu. Hinh 2.6 cho

thdy minh hoa ctia qua trinh nay.
2.1.4 Gidam kich thudc danh gwong mat (Downsampling)

K§ thuat giam kich thudc anh thuong rat dugc sir dung dé huan luyén cac mo
hinh hoc sau. Ly do phé bién 1a khi dua dit liéu anh vao cac mang hoc sau dé huan
luyén, chiéu dai va chiéu rong cuia anh can duoc dua vé mot kich thudce théng nhét
(thong thuong 12 nho hon anh ban dau). Ngoai ra, ki thuat giam kich thudc anh con
¢6 nhiéu loi ich khac nhu sau: lam cho dit liéu c¢6 kich thude d& quan 1y hon; Giam
kich thudc cua dir liéu do d6 cho phép xtr Iy dir li¢u nhanh hon (hinh 4nh); Gidm kich
thudc luu trit cua dit liéu. Ngodi ra con ¢6 mot sd cach sir dung khac ciia k¥ thuat nay
tuy thudc vao céach sir dung. Véi mo hinh dé xuét, sir dung noi suy tuyén tinh dé giam

kich thudc anh vé 32x32. Hinh 2.7 cho thdy mot vi du giam kich thudc anh. [22] [23]
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>

Anh gwrong mat Anh 32x32

dworc cat ra
Hinh 2. 7: Mt vi du giam kich thwéc anh
2.1.5 Chudn héa cwong dé

Cac yéu t6 vé do sang (brightness) va do twong phan (contrast) s& gy nham
1an & cac anh cua cing 16p biéu cam va cing ddi twong. Do dé, can giam anh hudng
hai yéu t6 nay dé giam d6 phuc tap cho bd phan 16p bang chuin héa cudng do

(Intensity normalization).

Chuan hoa cuong do 1a thuc hién chuan hoa vé mot khoan gia tri bﬁng phuong
phap can bang ddi 1ap (contrastive equalization) tai mdi pixel: 1) xac dinh kernel xung
quanh mdi pixel, tinh do 1éch chuan ¢ va phuong sai p tai kernel do; 2) gia tri pixel
méi dugc tinh toan boi cong thire cong thie x' = %’ij véi x' la gidtrimaiva x

1a gia tri pixel ban dau. Hinh 2.8 cho thay vi du vé qué trinh chudn hoa gia tri pixel

trong anh. [22] [23]

a s Intensity

Normalization

Hinh 2. 8: Mot vi du chuin héa cac gia tri pixel trong anh [13]

2.2 Mang no ron tich chap cho phan 16p cam xuc

2.2.1 Kién triic mang no-ron tich chdp (Convolutional Neural Network)
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Mo hinh dé xuét c6 kién tric mang CNN nhu sau:

Input (32, 32)

L&p Convolution 1: kich thudc kernel (5, 5); kich thude dau ra (28, 28, 32)
Lép Pooling 1: kich thude kernel (2, 2); kich thuéc dau ra (14, 14, 32)
Lép Convolution 2: kich thudc kernel (7, 7); kich thudc dau ra (8, 8, 64)
Lé6p Pooling 2: kich thudce kernel (2, 2); kich thuée dau ra (4, 4, 64)
Lé6p két ndi day du: 256 hidden node

Lop dau ra: két qua cua ham softmax, trd v€ phan bo xéac suat cuia 6 hoac 7 16p

cam xuc
Layer (Lype=) Output Shape Param #
Convap_1 (ConvaD) (None, 28, 28, 32) 812
Activation 1 {Activation) {None, 28, 28, 32) 0
MaxPooling2D 1 (MaxPoolingZD (None, 14, 14, 32) 0
convZD 2 (ConvZD) (None, 8, 8, ©64) 10041&
Activation Z {(Activation) fNone, 8, 8, &4) 0
MaxPooling2D 2 (MaxPoolingZD (None, 4, 4, 64} 0
Flatten 1 (Flatten) (Mone, 1024} 0
Dense 1 (Dense) (None, 256; 262400
Activation 3 (Activation) {None, 2596} 0
Dense 2 (Dense) iMone, 7} 1755
Activation 4 {(Activation) {None, 7 0

Total paramsz: 365,447
Trainable params: 365,447
Non-trainable params: 0O

Hinh 2. 9: Théong s6 chi tiét mé hinh CNN trong thi nghiém ciia hoc vién

Trong qua trinh huin luyén, b tdi wu hoa duoc st dung la Stochastic Gradient
Descent (SGD) va ham kich hoat & mdi 16p tich chap 1a Relu. Kién truc dé xuat duoc
minh hoa & Hinh 2.10.
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Hinh 2. 10: Minh hoa Kién triic CNN trong mé hinh dé xuat
Y nghia ciia cac layer cia mé hinh 13 nhu sau:

e L&p convolution 1 va pooling thir 1: rut trich cac dic diém co ban nhu céc
canh, diém cubi, gbc va hinh dang no6i chung. Céac dac trung rut trich dugc
cha yéu 1a cac hinh dang, goc, cac canh cia mét, chin may va méi.

e Lép convolution 2 va pooling thir 2: rut trich cac ddc trung thip hon cia
khuén médt c6 anh hudng lon dén biéu cam. Cac dic trung rat trich dugc chu
yéu 1a cac ving gan mat, miéng va mii.

e Két hop cac 16p trén thu duoc cac yéu td bit bién ciia biéu cam trén khuon
mat.

e Lop an cubi (két ndi déy du): nhan mdt bd cac feature da hoc va output do

tin cdy cua moi 16p biéu cam.

b
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Hinh 2. 11: Vi du minh hoa cac dic trung anh trich xuit dwoc qua tirng 16p tich chap
Convolutional layer [13]



27

2.2.2 Hudn luyén

Huén luyén

Dik liéu kiém thir

Cap nhat trong !aa l )
) 50 bang Trong 56 hoc

. —  » Kié P —» : :
Gradient AT tot nhat
Descent

10 13n

Nhin

Hinh 2. 12: M6 hinh téng quan qua trinh huin luyén va kiém thir mé hinh huin luyén

trén hai bg dir liéu

Trong phuong phap dé xuét, dit liéu di qua tién xir Iy va nhin twong tng s&
dugc dua vao kién triic mang hoc sau dé tién hanh huan luyén. Trudc khi huan luyén,
hoc vién tién hanh tron dir liéu (Data shuffle), muc dich ctua viéc nay gitp dir li¢u
khong theo mot thir ty ¢d trude ndo, nén khi dua mot tap anh vao kién trac mang thi
mang s& hoc duoc nhiéu cac truong hop cam xuc hon. Néu khong tron dir liu, cac
mau dit liéu c6 cam xuc giéng nhau dua vao mang khién mang khong hoc dugc cac

mau dir liéu c6 cam xtc khac, di€u nay anh hudng cuc ky ndng dén do chinh xac ctia

mo hinh.
0/‘\) >
2.2.3 Kiém thwr
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Hinh 2. 13: M hinh tong quan qua trinh kiém thir dit liéu trén bd dir li¢u kiém tra
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Sau qua trinh huén luyén s€ thu dugc bo trong s6 tot nhat. BO trong ) nay
dugc dung dé kiém thir 46 chinh x4c ciia md hinh trén tap dir liéu thir nghiém. Céc
anh thir nghiém ciing dugc dua qua hé thdng tién xir 1y gidng nhu huan luyén (trir sir
dung Elastic Disortions dé ting cuong dir liéu), sau d6 dau ra ctia qué trinh tién xir Iy
1a dau vao ciia mang hoc sau. Cac dic trung anh ngdy cang ting vé do sau dé hoc dic
trung ngit nghia cap cao, dén cac 16p két ndi ddy du (fully connected layer) s& dugc
trai thing ra thanh mot dang 16p an gém nhiéu node, cudi cing di qua mot 16p
Softmax gom 6 node chinh 14 phan bd xac suat ciia 6 16p cam xuc dau ra. Luc nay,

xé4c suat dy doan clia cam xuc nao cao nhat thi dau ra cudi ciing sé& 1a cam xuc do.
2.2.4 Mang Deep Convolutional Neural Network (DCNN)

O phén trén, hoc vién da trinh bay mot mo6 hinh kién trac mang mang hoc
Convolutional Neural Network co ban voi su két hop giita cac 16p tich chap
Convolutional layer, Lép gdp Maxpooling va 2 16p day da Fully connected layer dé
tién hanh chay thi nghiém trén bo dir liéu. Cac nghién ctru gan day cho thay rang
chung ta ¢ thé ap dung nhiéu 16p tich chap véi cac kich thudc bd loc khac nhau dé
rat trich cac dic trung trong anh. Tuy nhién khi ting do sdu cia mé hinh CNN s& dan
dén truong hop overfitting trong qua trinh huan luyén mé hinh. Do d6, hoc vién ciing
ap dung cac phuong phap giam overfitting trong qué trinh huén luyén nhu k¥ thuat
DropOut hay k¥ thuat BatchNormalization dé nham muc dich ting hiéu qua du doan
cac nhan trén hai bo dit liéu thuc nghiém. Hoc vién goi mo hinh nay la mé hinh Deep
Convolutional Neural Network — DCNN boi vi hoc vién thir nghiém nhiéu 16p tich
chap hon dé rat trich cac dic trung khac nhau ctia birc anh. Tong quan mo hinh DCNN

duogc trinh bay nhu sau:
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Input (32, 32)

L&p Convolution 1: kich thudc kernel (5, 5); kich thudc dau ra (32, 32, 64)

Lép Batch Normalization 1; kich thuée dau ra (32, 32, 64)

L&p Convolution 2: kich thudc kernel (5, 5); kich thudc dau ra (32, 32, 64)

Lép Batch Normalization 2; kich thudc dau ra (32, 32, 64)

Lép Pooling 2: kich thudce kernel (2, 2); kich thude dau ra (16, 16, 64)

L6p Dropout 2 véi ty 1€ 0.25

L6p Convolution 3: kich thudc kernel (3, 3); kich thudc dau ra (16, 16, 128)

Lé&p Batch Normalization 3; kich thudc dau ra (16, 16, 128)

L&p Convolution 4: kich thudc kernel (3, 3); kich thudc dau ra (16, 16, 128)

Lé&p Pooling 4: kich thudc kernel (2, 2); kich thudc dau ra (8, 8, 128)

L6p Dropout 4 voi ty 1€ 0.25

Lép Convolution 5: kich thudc kernel (3, 3); kich thudc dau ra (8, 8, 256)

Lép Batch Normalization 5; kich thudc dau ra (8, 8, 256)

Lép Convolution 6: kich thudc kernel (3, 3); kich thuéc dau ra (8, 8, 128)

L&p Pooling 6: kich thudc kernel (2, 2); kich thudc dau ra (4, 4, 128)

L&p Dropout 6 véi ty 1€ 0.25

Lé6p Fully Connected 1: Pau ra (128)

L&p Batch Normalization 7; kich thudc dau ra (128)

L6p Dropout 7 voi ty 1€ 0.25

L6p Output; dau ra (7)
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Model: "DCHMNY

Layer (type) Cutput Shape Param #
convad_1 (ComveD)  (Nome, 32, 32, ©4)  1le64
batchnorm 37 (BatchNormaliza (None, 32, 32, &4) 256
convad 2 (ConvaZD) (None, 32, 32, 64) 10z4&4
batchnorm 1 {BatchNormalizat (None, 322, 32, &4) 256
maxpool2d 1 (MaxPoolingZD) {None, 1l&, 16, &4) 0
dropout 1 {(Dropout) {None, 1@, l1l&, &4) 0]
convZd 3 {(ConvZD) {None, 16, 1&, 128; 73856
batchnorm 2 {BatchNormalizat (None, 16, 16, 128) 51z
convad 4 (ConviZD) {None, 16, 1&, 128) 147584
maxpoolZd 2 (MaxPoolingZ2D) {None, 8, 8, 1Z28) 0]
dropout 2 (Dropout) {None, 8, 8, 128) 0
convad 5 (ConviZD) {None, 8, B, Z25&) 2951a68
batchnorm 7 {BatchNormalizat (None, 8, 8, 256) 1024
convZd & {(ConvZD) {None, 8, 8, Z5&) 590080
maxpool2d 3 (MaxPoolingZ2D) {None, 4, 4, 25&) 0]
dropout 3 (Dropout) {None, 4, 4, Z25&) 0
flatten (Flatten) ({None, 40%9&) 0
dense 1 (Dense) {None, 12Z8) 524416
batchnorm_ & {BatchNormalizat {(Mone, 128) 51z
dropout 4 {(Dropout) (HNone, 128) ]

cut laver {(Dense) (HNone, 7} S032

Total params: 1,738,695
Trainable params: 1,737,415
Non—trainable params: 1,280

Hinh 2. 14: Chi tiét dau vao va cac thong so ciia md hinh DCNN dwgc sir dung
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+ Nhan xét su so sanh giira hai mé hinh DCNN va CNN

Nhin vao chi tiét thong s va kién trac mé hinh & Hinh 2.9 va Hinh 2.14 tuong
g cua hai md hinh CNN va mé hinh DCNN. Chung ta c6 thé nhan thay rang mo
hinh DCNN c¢6 tong s6 lugng tham s6 mé hinh cao hon khoang gan 3 1an so véi mo
hinh CNN. Cu thé v&i mé hinh DCNN ¢6 téng tham s6 13 1,738,695 tham sd, trong
khi s6 lwong nay & mé hinh CNN chi 1a 365,447 tham sb. B&i vi & mo hinh DCNN,
chung ta sir dung nhiéu 16p tich chap Convolutional layer véi cac bd loc va kich thudc
khac nhau. Dan dén viéc mé hinh c6 nhiéu tham sé can phai hoc trong qua trinh huan

luyén hon.

Chinh vi s6 lugng tham s6 nhiéu nén 1a thoi gian dé huan luyén mot mé hinh
DCNN ciing nhiéu hon so v&i mé hinh CNN. Cuy thé ddi véi mdi epoch thi mé hinh
DCNN cén khoang 12s dé hoan thanh mot epoch, trong khi d6 véi mo hinh CNN thi
chi can khoang 3s dé hoan thién trén mot epoch. Con vé d6 chinh xac va su hiéu qua

cua mo hinh dugc hoc vién trinh bay & chuong 3 so sanh hiéu qua gitra hai mo hinh.
2.3 Két luan cia chuwong 2

Trong chuong ndy, hoc vién da trinh bay tong quan hé théng nhan dién khuon
mit va cac budc tién xur 1y hinh anh dugc ap dung trong qua trinh thi nghiém nham
muc dich nang cao hiéu qua du doan trén ca hai bd dit liéu. Muc 2.1.1 1a k¥ thuat tang

cuong anh, tir muc 2.1.2 dén muc 2.1.5 1a cac k¥ thuat tién xu 1y.

Bén canh d6, hoc vién ciling da trinh bay chi tiét hai mé hinh mang hoc sau
CNN va mé hinh hoc sau DCNN bao gdm chi tiét cac thong sd, kién tric va sé luong
tham s6 ctia mdi mo hinh. Pay 14 hai mé hinh chinh duoc sir dung dé chay thi nghiém

trén hai bo dir 1i€u thyc nghiém va so sanh.
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CHUONG 3: THU NGHIEM VA THAO LUAN

3.1 Co sé dir liéu
3.1.1 Dir li¢gu Cohn-Kanade mo rgng (CK+)

Dir liéu CK+ bao gom cac anh guwong mit (phan 16n 1 cac anh don sic) véi
cac loai cam xuc: budn ba (sadness), bat ngd (surprise), hanh phtc (happiness), so
hai (fear), gian dit (anger), khinh thuong (contempt), ghé tom (disgust). Mdi anh trong
tap dir liéu co kich thudc 48x48 va co tong cong 981 anh trong bo dit licu. [18]

Co so dit liéu CK+ dugce tao tir 210 d6i twong v6i do tudi tir 18-50 tudi. Cac
hinh anh duogc chup tor mét may anh dac truc tiép O phia trudc ddi tuong. Cac dbi
twong duoc hudng dan dé thuc hién mot loat biéu cam. Mdi trinh tu duoc bat dau
bang biéu cam trung lap va két thuc véi biéu hién dic trung. Gom cac dbi tuong,

ngudi my gde phi chiém 81%, ngudi chau 4 hodc nam my 1a 13%, dbi twong khac 1a

| B

Khinh bi Ghé tom

F A =

Bubn ba Ngac nhién
Hinh 3. 1: Hinh anh trong tip dir liéu CK+
3.1.2 The Japanese Female Facial Expression (JAFFE) Dataset

Dt liéu JAFFE bao gém anh cua 10 phu nir Nhat Ban véi 6 cam xuc co ban
(Gian dir, khinh thuong, so hii, hanh phuc, budn ba, bit ngd) va 1 nhan binh thuong.

Dit liéu bao gdm 213 anh don sic voi kich thude 256x256 v6i d6 chinh xéac 8 bit cho
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cac gia tri thang do xam. Trong co s¢ dit li¢u nay, c6 khoang 4 hinh anh & moi mét

trong sau bi€u cam co ban va mdt hinh anh cua bi€u cam trung tinh tir mo1 doi tugng.

Angry Disgust Fear happy Neutral Sad Surrise
Hinh 3. 2: Hinh anh trong tip dir liéu JAFFE

3.2 Moi truong thir nghiém

D¢ huan luyén moé hinh va cai dat thuat toan nay “Phan tich biéu cam mat
nguoi dung mang no ron tich chap”, hoc vién st dung cac cong cuy, thu vién va ngén

ngtr 1ap trinh nhu sau:

e Lap trinh bang Python: Python ¢ cti phap rat don gian, rd rang. N6 dé doc
va viét ngan hon rat nhiéu khi so sanh véi nhitng ngon ngir 1ap trinh khac nhu
C++, Java, C#. Python 1am cho vi€c 1ap trinh trd nén thi vi, cho phép chiing
ta tap trung vao nhiing giadi phap chir khong phai ca phap.

e Thu vién may hoc Tensorflow — keras: Keras duoc coi la mdt thu vién mirc
d6 cao cua TensorFlow, Microsoft (CNTK), hoac Theano. Keras c6 cu phap
don gian hon TensorFlow rat nhiéu. Cac vu diém cua thu vién nay 1a: (1)
Keras uu tién trai nghiém cua nguoi lap trinh, (2) Keras hd tro huan luyén
trén nhiéu GPU phan tan, (3) Keras di duoc sir dung rong rai trong doanh
nghiép va cong dong nghién ciru.

e Thu vién Xt Iy anh — OpenCV: OpenCV 14 tén viét tit cua Open Source
computer vision library. Py 1a mot thu vién ma nguén mé phuc vu cho
huéng nghién ctru xtr Iy hinh anh, phat trién cac tng dung d6 hoa trong thoi

gian thyc. OpenCV cho phép cai thién tdc do cua CPU khi thuc hién cac hoat
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dong real time. N6 con cung cap moét s6 luong 16n cac ma xur Iy phuc vu cho

quy trinh cua thi gidc may tinh hay cac m6 hinh may hoc khac nhau.

Céu hinh thir nghiém cho cac nghién ctru duoc thyce hién trén may tinh cé nhan
Window 10 Enterprise LTSC, Intel Core i7 Tiger Lake -1180H 4.6 GHz v6i NVIDA
GeForce RTX 3050 Ti 4GB c¢6 kha nang ¢6 2.3 Gb b nhé trong GPU.

3.3 Cai dat thir nghiém va d¢ do danh gia

Pbi véi phuong phap md hinh mang tich chap CNN, hoc vién st dung thu vién
Tensorflow Keras trén ngdn ngir 1ap trinh Python dé cai dat. Gia tri dropout em st
dung 12 0.2 va ham kich hoat 1a Relu. S5 lugng node cua 16p day du 1a 128 véi ham
kich hoat 1a Relu. Gia tri dropout dugc sir dung tai 16p nay 1a 0.25 dé giam. Ham tbi
uu dugce su dung 1a SGD véi gia tri hoc 1a 0.01 va tdc d6 momentum 13 0.95. Ham

mat mat duoc st dung 12 ham Cross-entropy.

Pé danh gia hiéu qua cua cac phuong phéap, hoc vién tién hanh cac mé hinh
thr nghiém dé xuét va cac mé hinh hoc may co ban stir dung ba do do 1a do chinh xac
— Accuracy, d6 chinh xé4c - Precision, do phu - Recall va chi s F1 — F1 score giita
tap du doan va tap dir li¢u dugc gan nhan. Cac d¢ do duogc tinh bé“mg cac cong thirc

sau day:

e Accuracy — Do chinh xac: Cach don gian nhat dé danh gid mot mo hinh phan
16p d@6 1a str dung do chinh xac (Accuracy). Y tuéng don gian 1a ty 1 giita
cac mau du doan dung trén tong sé mau cua dit liéu kiém thu.

e Ma tran Confusion: Céch tinh sir dung accuracy chi cho chung ta biét duoc
bao nhiéu phﬁn tram dir liéu dugc dy doan dling ma khong chi ra cac di li¢u
duge du doan dung/sai nhu thé ndo. Do d6 chung ta can mot phuong phap
danh gia tot hon goi 1a ma tran Confusion (Confusion matrix). Mot cach tong
quat, ma tran nay s¢ thé hién c6 bao nhiéu diém dit liéu thuc sy thude vé mot

16p, va dugc dugce du doan 1a roi vao mot 16p.
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Confusion matrix for our classifier

0.8

0.6

True label

0.4

0.2

0.0

T T T
[} 1 2 3
Predicted label

Hinh 3. 3: Vi du vé ma tran confusion

Nhu hinh & trén, confusion matrix dugc thé hién bang nhi€u mau sac dé dé
nhan biét. Mot mo hinh tot s€ cho mot confusion matrix c6 cac phan ti trén dudng
chéo chinh c6 gia tri 16n, cac phan tir con lai c6 gia tri nho. Mot cach don gian do 1a

duong chéo chinh cang mau dam thi mé hinh cang tét.

s True/False Positive/Negative: Cach danh gia nay thuong duoc ap dung cho
céc bai toan phan 16p ¢6 hai 16p dit liéu. Cu thé hon, trong hai 16p dir liéu nay
c6 mot 16p nghiém trong hon 16p kia va can dugce du doan chinh xAc.
True/False Positive/Negative dugc dinh nghia nhu sau:

o True postitive (TP): cac diém dit liéu du doan 1a 1 va c6 nhan 13 1.
o True negative (TN): cac diém dit liéu du doan 13 0 va c6 nhan 13 0.
o False positive (FP): cac diém dit liéu du doan 13 1 nhung ¢ nhén 13 0.
o False negative (FN): cac diém dit liéu du doan 1a 0 nhung c6 nhan 1a 1.

Trong d6, Precision va Recall: Dbi véi cac bo dir liéu khong can bang (sé dir
lidu cac 16p léch nhau nhiéu) thi ta can mot phép do méi danh gia rd hon, d6 1a

Precision — Recall.
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* Precision hogc Positive Predictive Value (PPV): Ti 1€ duong tinh doan ding.

PPV = P
" TP+ FP

+ Recall hodc True Positive Rate (TPR): D9 nhay, ty 1¢ duong tinh thyc.

TP

TR =P+ 7N

e Precision dugc dinh nghia l1a ti 1& s6 diém TP trong s6 cac diém dugc phan
loai 1a positive (TP + FP).

e Recall duoc dinh nghia 1a ti 1€ s6 diém TP trong s6 cac diém thuc sy 1a
positive (TP + FN).

e Precision cao déng nghia vdi viée do chinh xac ctia cac diém tim duoc 1a cao.
Recall cao dong nghia véi viéc TPR cao, c6 nghia 14 ti 18 bo sot cua cac diém
thuc sy positive 13 thap.

e Khi do, ta co thé xac dinh: PPV chinh la ti 1¢ bao dong nham, TPR chinh la

ti 1€ bo sot.
%+ F1-score: F1-score la gia tri trung binh cta precision va recall.

2 1 N 1 hav F. = 2 precision.recall
F, precision recall @y =

"precision + recall

F1-score co gia tri nam trong nira khoang (0, 1]. F1-score cang cao dong nghia
v6i bo phan 16p cang tot. Khi ca recall va precision déu bang 1 thi F1-score = 1. Khi

ca recall va precision déu thap thi F1-score tién vé 0.
3.4 S0 liéu

3.4.1 Thir nghiém bé di ligu CK+ géc
- BestEpoch = 3546 55 38 21 34 40 41
- Accuracy =0.730.820.79 0.8 0.750.73 0.82 0.67

Learning Rate = 0.01
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Momentum = 0.95

ClassLabes = [ANGRY" 'DISGUST' 'FEAR' 'HAPPY' 'NEUTRAL' 'SAD'
'SUPPRISE']

TrainSupport = 1467: [165 206 107 238 357 115 279]
Train Loss = 0.02
Train Accuracy = 1.00

Training Loss and Accuracy [Epoch 38]

—— train_lass
1.75 N rain_acc

1% 20
Epoch #

Hinh 3. 4: Epoch tot nhét khi chay b dir liéu goc CK+

Dua trén két qua thir nghiém va hinh 3.4 khi chay bo dit liéu thir nghiém bo
dir liéu gdc CK+ voi 8 fold mdi fold 1a 100 epochs thi Number Epochs = 38, trong
fold 4 la tot nhat.

3.4.2 Thiwr nghiém bo dir ligu CK+ khi tang cwong dir liéu hoc

- BestEpoch =17 13 26 27 36 33 10 56
- Accuracy = 0.86 0.88 0.89 0.82 0.86 0.87 0.78 0.92
Learning Rate = 0.01
Momentum = 0.95
ClassLabes = [[ANGRY" 'DISGUST' 'FEAR' 'HAPPY"' 'NEUTRAL' 'SAD'
'‘SUPPRISE']
TrainSupport = 89029: [ 9585 12567 5325 14697 23212 5964 17679]
Train Loss = 0.01
Train Accuracy = 1.00
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Training Loss and Accuracy [Epoch 27]

175 - = —— train_loss
—— ftrain_acc

Loss/Accuracy

0 5 10 15 20 25
Epoch #

Hinh 3. 5: Epoch t6t nhat khi chay bé dir liéu da ting cwong CK+

Dua trén két qua thir nghiém va hinh 3.5 khi chay bo di liéu ting cudng
CK-+ voi 8 fold mdi fold 1a 100 thi Number Epochs = 27, trong fold 4 13 tot nhat.

3.4.3 Thir nghi¢m bé dir ligu JAFFE géc

- BestEpoch = 34 36 41 24 27
- Accuracy =0.630.370.50.6 0.5
Learning Rate = 0.01

Momentum = 0.95

ClassLabes = ['TANGRY' 'DISGUST' 'FEAR' 'HAPPY' 'NEUTRAL'
'SAD' 'SUPPRISE']

TrainSupport = 213: [30 29 32 31 30 31 30]

Train Loss = 0.01

Train Accuracy = 1.00
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Training Loss and Accuracy [Epoch 34]

—— train_loss
—— train_acc
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Hinh 3. 6: Epoch tot nhit khi chay b dix liéu goc JAFFE

Dua trén két qua thir nghiém va hinh 3.6 khi chay bo dit liéu JAFFE gbc chia
lam 5 fold thi Number Epochs = 34, trong fold 1 1a t6t nhat.

3.4.4 Thwr nghiém bg dir ligu JAFFE tang cuong
- BestEpoch =23 8066 53 51
- Accuracy = 0.6 0.59 0.65 0.69 0.71
Learning Rate = 0.01
Momentum = 0.95
ClassLabes = ['TANGRY' 'DISGUST' 'FEAR' 'HAPPY' 'NEUTRAL'
'‘SAD' 'SUPPRISE']
TrainSupport = 15122: [2129 2059 2272 2201 2130 2201 2130]
Train Loss = 0.02
Train Accuracy = 1.00
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Training Loss and Accuracy [Epoch 51]
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Hinh 3. 7: Epoch t6t nhit khi chay bd dix liéu ting cwong JAFFE

Dua trén két qua thir nghiém va hinh 3.7 khi chay bo di liéu JAFFE ting
cudng anh 1am 5 fold thi Number Epochs = 51, trong fold 5 1 tot nhat.

3.5 Két qua thir nghiém

Trong phan nay, hoc vién s& phan tich va danh gia hiéu qua cta cac phuong
phap tién xtr Iy hinh anh so vé6i viéc khong ap dung tién xur 1y trén hai bo dit lidu
chuan 1a CK+ va JAFFE. Két qua duogc bao cdo duéi dang danh gia chéo K-fold cross
validation. Két qua chi tiét cac do do nhu do chinh xac — Accuracy, do chinh xac —
Precision, d§ phu - Recall va chi s6 F1-score trén hai bo dit liéu. Pau tién hoc vién s&
trinh bay két qua chi tiét trén bo dir liéu CK+, sau d6 hoc vién sé& trinh bay két qua
trén bo JAFFE. Két qua thi nghiém dugc bao cdo dwa trén chay thi nghiém danh gia
chéo (cross validation), cu thé 1a 8 folds cho b dit liéu CK+ va 5 folds cho bo dit liéu

JAFFE. Két qua cudi cung 14 gi tri trung binh mdi 1an chay.

Nhin vao Bang 3.1, ching ta s& thiy két qua chinh ctia md hinh CNN khi két
hop cac phuong phap tién xir Iy khac nhau trén bo dir liéu CK+ twong tmg cho mdi
nhan cam xuc. Dua vao bang két qua, chung ta thiy rang c6 su khac biét vé sy hiéu
qua dua cac nhin voi nhau. Ching ta dé dang nhin thdy duoc su hiéu qua cia mo

hinh nay d6i véi cdc nhan cam xuc “Disgust”, “Happy”, “Surprise” hay nhan
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“Neutral” v&i chi sb Fl-score 1an luot 1a 0.88, 0.89, 0.93 va 0.81. Trong khi do, céac
nhin con lai c6 két qua twong déi thap 1a nhan “Fear”, nhan “Sad” véi gia tri F1 score
1a 0.45 va 0.46. M6t trong nhitng nguyén chinh dan dén két qua nay 1a sé lugng dit
lidu ctia cac nhan nay trong bo dir lidu twong dbi it. Piéu nay dan dén viéc mo hinh
khong hoc duge tdt nén hiéu qua cac nhin ndy thip bsi vi mé hinh CNN cin mét
luong 16n dir liéu dé hoc hiéu qua. S6 luong dir lidu cho ting nhin cam xdc it nhat
trong bo dir liéu CK+ tuwong ng 1a nhan “Fear”, “Sad”, “Angry”, d6 chinh la ly do
tai sao két qua trén ba nhin nay dat két qua thap nhat trong toan bd nhan cam xuc. Dé
tién hanh kiém tra két qua tai sao moé hinh CNN lai cho két qua thap trén cac nhin

nay, bang két qua ma tran nham 1an trung binh dugc mé ta & Bang 3.2.

Bang 3. 1: Két qua chi tiét ciia mé hinh CNN trén b dir liéu CK+ cho tirng

nhan cam xuc

Nhén cam xitic Precision Recall F1-score
Angry 0.67 0.57 0.61
Disgust 0.89 0.88 0.88
Fear 0.48 0.43 0.45
Happy 0.89 0.88 0.89
Neutral 0.77 0.87 0.81
Sad 0.57 0.42 0.46
Surprise 0.92 0.94 0.93
Accuracy 0.80

Weighted F1 0.79 0.80 0.80
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Bang 3. 2: Két qua nham 14n giira cac nhin cim xiic ciia bd dir liéu CK+ khi

huén luyén sit dung mé hinh CNN

Angry | Disgust | Fear Happy | Neutral Sad | Suprise
Angry 9.6 0.9 0.5 0.6 4.0 0.9 0.4
Disgust | 0.5 19.8 0.0 0.8 0.6 0.0 0.5
Fear 1.2 0.0 3.1 0.9 1.9 1.6 0.6
Happy 0.5 1.1 0.4 22.8 0.6 0.0 0.5
Neutral 1.8 0.2 0.9 0.1 35.8 1.4 0.8
Sad 0.9 0.2 1.0 0.2 3.1 4.8 0.2
Suprise 0.0 0.0 0.8 0.1 1.0 0.1 29.1

Dua theo ty 1¢ trung binh nham 1an giita cic cac nhin cam xuc cia bd CK+,
chung ta thdy duoc rang ty 1é nhan “Angry” bi du doan nhan thanh nhan “Neutral”
chiém ty 1& cao so véi cac nhin khac voi gia tri trung binh 4.0, cao hon rat nhiéu so
véi su nham 1an cac nhan con lai. Trong khi d6 nhan “Fear” lai c6 ty 1€ du doan sai
hau nhu d6i voi cac nhan cam xuc con lai trir nhan “Disgust” v6i cac gia tri nham 1an
tuong ddi gan nhau. Nguoc lai thi nhan “Sad” lai bi du doan nham 1an thanh nhén
“Neutral” vai ty 1& 3.1, ty 18 nay cao rat nhiéu so v&i cac nhan con lai. Tir d6 ¢ thé
thiy rang hau hét cac nhan co ty 1& du doan sai hau hét déu dy doan thanh nhin
“Neutral” trong b dit liéu CK+ ndy. Chung ta c6 thé thdy rang nhan “Angry” va nhin
“Sad” ¢6 xu huéng nham 1an qua “Neutral” do con nguoi thuong khong boc 16 cam

xtc, nén trang thai nd gan nhau. Do d6 m6 hinh dat két qua thap trén hai nhin nay.

Tiép theo, hoc vién s& danh gia két qua trén bo dir liéu JAFFE, bang 3.3 va
bang 3.4 trinh bay két qua chi tiét trén tirmg nhin cam x{ic va ma tran nham l4n trung

binh cua mo hinh CNN.
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Bang 3. 3: Két qua chi tiét ciia mé hinh CNN trén b dir li¢u JAFFE cho

tirng nhan cam xic

Nhéin cam xic Precision Recall F1-score
Angry 0.59 0.53 0.56
Disgust 0.65 0.59 0.62
Fear 0.38 0.38 0.38
Happy 0.76 0.56 0.64
Neutral 0.55 0.47 0.52
Sad 0.48 0.43 0.45
Surprise 0.59 0.53 0.55
Accuracy 0.49

Weighted F1 0.52 0.54 0.53

Nhin mét cach tong quan ching ta thiy rang bo dit liéu JAFFE nay cho két
qua thap hon han so véi bd dit liéu CK+ trén hau hét cac nhan cam xuc. Trong d6
nhan c6 két qua t6t nhét trén bo dir liéu nay 1a nhin “Happy” véi do chinh xac 1a
0.76, @6 phi1 14 0.56 va do do F1 13 0.64. Tiép theo 12 nhan cam xutc “Disgust’ véi
dd chinh xac 1a 0.65, d6 phu 1a 0.59 va dd chinh xac 1a 0.62. Trong khi d6 nhan
thap nhat van 1a nhin “Fear” va nhan “Sad” voi két qua 1an luot 1 0.38 cho ca ba
d6 do va do chinh xac 1a 0.48, 0.43 va 0.45 tuong ng cho tirng nhan. Tuy nhién,
khac voi b dir liéu CK+ ¢6 ty 1€ chénh 1énh nhan khac nhau thi bo dit liéu JAFFE
nay lai c6 sy dong déu trong cac nhan. Do d6, kha niang két qua cac nhin nay thap
b1 vi mo hinh CNN thi nghiém hién tai chua c6 kha nang phan biét rd cac khudn
mat cam xtuc trong bd dir liéu. Con xét vé d6 do weighted F1 score thi mé hinh
CNN dat két qua 1a d chinh x4c 1a 0.52, d6 phii 1a 0.54 va gia tri F1 cudi cung la
0.53. Két qua nay van con twong ddi kha thap véi bo dit liéu CK+. Tiép theo hoc
vién s€ trinh bay két qua ctia mo hinh CNN trén ma tran nham l4n cta bd JAFFE

o bang 3.4.
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Bang 3. 4: Két qua nhim 14n giira cAc nhin cam xic cia b dir liu JAFFE

khi huin luyén sitr dung md hinh CNN

Angry | Disgust | Fear | Happy | Neutral | Sad | Suprise
Angry 3.2 1.2 0.4 0.4 0.0 0.8 0.0
Disgust | 1.0 3.4 0.6 0.2 0.0 0.6 0.0
Fear 0.0 0.6 1.6 0.4 1.2 0.4 0.0
Happy 0.2 0.2 0.4 3.4 0.6 0.6 2.2
Neutral 0.4 0.4 0.4 0.6 2.8 0.6 0.8
Sad 0.6 0.6 0.4 0.0 1.6 2.2 0.8
Suprise 0.4 0.0 0.6 0.4 0.4 1.0 3.2

Dua vao bang 3.4, ching ta thdy rang su nham 1an giira cdc nhén trong
bd dir liéu nay khong c6 su chén léch gitra cac nhan vdi nhau nhu b CK+, ching
ta c6 thé thiy nhu nhin “Angry” bi dir doan sai nhiéu nhat thanh nhin “Disgust”
voity 1€ 1.2, tiép theo bi nham 1an v&i nhdn “Sad” 13 0.8 va hai nhin “Fear” va
“Happy” 13 0.4. O chiéu nguoc lai thi nhan “Disgust” ciling bi du doan nham thanh
nhan “Angry” véi ty 1 nhiéu nhét 14 1.0. Con d6i voi nhin “Fear” thi hau hét bi

du doan nham thanh nhan cam xtc “Neutral” véi ty 1& 1a 1.2.

Phén tiép theo sau day, hoc vién s& danh gia va so sanh hiéu qua cua
phuong phap ting cuong dit liéu trén ca hai bo dit liéu dé danh gia xem hiéu qua.
Tuong ty nhu két qua & trén, hoc vién s€ danh gia lan luot trén ca hai bo dit liéu
va tat ca thi nghiém dugc chay theo danh gia chéo (cross validation). Pau tién,
hoc vién s& béo cdo két qua tong quan cia mo hinh CNN khi chay trén dit liéu
thuc té duoc thu thap ctia hai bo dir liéu CK+ va JAFFE. Sau do, hoc vién s€ phan

tich chi tiét tung nhan cam xuc cho tung bo dir lidu.
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Bang 3. 5: Két qua khi ap dung k¥ thuit ting cwong dir li¢u trén ca hai
bé dir liéu CK+ va b dir liéu JAFFE sir dung mé hinh CNN

B0 dir liéu Accuracy | Precision | Recall | Fl-score
Tang cudong CK+ 0.86 0.84 0.86 0.85
dir liéu JAFFE 0.62 0.68 0.60 0.63
Khong tang CK+ 0.79 0.80 0.79 0.80
cuong dir licu | JAFFE 0.49 0.52 0.54 0.53

Nhin vao Bang 3.5, chiing ta dé dang nhan thiy duoc sy hiéu qua ciia phuong
phap tdng cuong dir li€u trén bd cd hai bo dir 1i€u nay, dic bi¢t 1a bd dir licu JAFFE.
Cu thé d6i voi bo dit lieu CK+, mé hinh CNN két hop véi phuong phép ting cuong
dir liéu dat két qua do chinh x4c — Accuracy 14 0.86, do chinh xac — Precision 12 0.84,
d6 phii 14 0.86 va chi s6 F1 12 0.85. Két qua nay cao hon mé hinh CNN khi khong ap
dung k¥ thuat ting cudng dir liéu 1a +0.7 ddi v6i do do Accuracy, do chinh xac —
precision 1a +0.4 va do phu l1a +0.7 va d6 do F1 la +0.5. Trong khi d6 thi ddi voi bod
dir liéu JAFFE, thi md hinh CNN va k¥ thuét ting cudng dit liéu déu cho két qua tot
hon khi khong 4p dung. Cu thé k¥ thuat tang cuong dir liu gitip mo hinh dat dugc do
chinh xac - Accuracy 12 0.60, &6 chinh xac 0.68, &6 phu 13 0.60 va chi s6 F1 dat duoc
14 0.63. Két qua nay cao hon két qua goc 1an lugt 1a +1.3, +1.4, +0.7 va +1.0 trén lan
luot cac do do. Piéu nay ching to rang phwong phap ting cuong dit liéu ndy giup mo
hinh dat hiéu qua t6t hon khi ap dung kién trac mang tich chap CNN trén ca hai bd
dir liéu. Tiép theo hoc vién s& phan tich hiéu qua chi tiét trén tirng nhin cam xuc khi

tang cuong dir li€u trén cd hai by dir licu.
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BO dir liéu CK+

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Angry Disgust Fear Happy Neutral Surprise

M Precision M Recall ®F1-score

Hinh 3. 8: Két qua chi tiét cac dd do cho tirng nhin cam xtc khi ting cwong
dir liéu str dung moé hinh CNN trén b¢ dir liéu CK+

BS dir liéu JAFFE
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Hinh 3. 9: Két qua chi tiét cac do do cho tirng nhin cam xic khi ting cwong
dit liéu sir dung mé hinh CNN trén bp dit liéu JAFFE

Hinh 3.8 va Hinh 3.9 trinh bay két qua chi tiét 3 do do theo bo la chinh xéc,
d6 phu va chi s F1 ciia mé hinh CNN khi ting cuong dit liéu. Di voi bo dir licu
CK+, chung ta thay ¢ cac nhan dat két qua trén 0.9 nhu nhéan “Disgust”, “Happy” va
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nhin “Surprise”. Cac nhin “Fear” va “Sad” van 1a hai nhin c6 két qua thip nhit.
Tuong ty nhu bo dit liéu JAFFE, chiing ta thdy nhan “Happy” dat két qua tot nhat voi
két qua do chinh xac 1 0.86, do phi 14 0.82 va d6 do F1 1a 0.84. Tiép theo, hoc vién
s& so sanh két qua do do F1 khi str dung mé hinh CNN trude va sau khi ting cuong

dix ligu.

BO dir liéu CK+
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m Khdéng tang cwdng div liéu B Tang cwong div liéu

Hinh 3. 10: Két qua chi tiét cac @9 do cho tirng nhin cam xic khi ting cwong dir liéu

va khong tang cwong dir li€éu sir dung mo6 hinh CNN trén bo dir liéu CK+

Hinh 3.10 trinh bay két qua chi tiét trén tmg nhin cam xtic ctia mo hinh CNN
trén bg dir liéu CK+ trude khi va sau khi ap dung phuong phap ting cuong dir li¢u.
Nhin mét cach tong quan chung ta thiy duoc hau hét phuong phap ting cudng giir
liéu déu gitip mo hinh nang cao hidu qua trén tat ca cic nhan cam xic, trong dé cac
nhan nhu “Fear” hay “Sad” cho théy su hi¢u qua vuot trdi, cu thé nhan “Fear” tang
+0.19, con nhin “Sad” ting +0.15. Trong khi cic nhan dat hiéu qua tét khi sir dung
nguyén gbc dir liéu nhu nhin “Surprise” hay nhin “Happy” van c6 su hiéu qua, tuy

nhién hi¢u qua chénh léch khong dang ké.

Trai nguoc lai thi ddi v6i bo dir liéu JAFFE, Hinh 3.11 phuong phap ting

cuong dir li€u lai cho hi€u qua ro rét trén hau hét cac nhan cam xuc, dac biét nhat 1a
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cac nhan “Happy”, “Angry” va “Surprise”. Bang 3.6 trinh bay chi tiét khoang ting

cuong hi€u qua cua cac nhan cam xuc trén ca hai b dir li¢u.
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BS dir liéu JAFFE

Fear

Happy

m Khdéng tang cwdng div liéu

Neutral

m Tang cwong div liéu

Surprise

Hinh 3. 11: Két qua chi tiét cac d do cho tirng nhiin cam xic khi ting cudng dir liéu

va khong tang cwong dir li€éu sit dung mo6 hinh CNN trén bo dir liéu JAFFE

Bing 3. 6: Két qua chi tiét d9 do F1 cho tirng nhin cam xiic khi ting cwong dir li¢u va

khong tang cuwong dir li€u sir dung mo hinh CNN trén hai b dir liéu

B9 dir liéu JAFFE B0 dir liéu CK+
Nhén | Khong ting | Tang Do lich Khéng Téang Db léch
cuong cuwong ting cwong | cwong
Angry 0.56 0.70 +0.14 0.61 0.73 +0.12
Disgust 0.62 0.70 +0.08 0.88 0.92 +0.04
Fear 0.38 0.50 +0.12 0.45 0.64 +0.19
Happy 0.64 0.84 +0.20 0.89 0.92 +0.03
Neutral 0.52 0.59 +0.07 0.81 0.86 +0.05
Sad 0.45 0.55 +0.10 0.46 0.61 +0.15
Surprise 0.55 0.69 +0.14 0.93 0.94 +0.01
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3.6 Diéu chinh tién xir Iy

Trong phan nay hoc vién s& danh gia cac phwong phap tién xir Iy khac nhau
trén ca hai bo dir liéu 1a CK+ va JAFFE. Céc budc tién xir Iy duoc so sanh danh gia

nhu sau:

- RotateCorrection (rc): Phuong phép nay sé xoay anh chup guong mat bi
nghiéng thang dtmg trd lai. Cu thé: xac dinh vi tri cia 2 mat va diém trung tim
giita 2 mat 1am diém trung tim. Thyc hién phép xoay dé duong ndi 2 mat hop
v6i phuong ngang 1 goc 1a 0 do.

- ImageCropping (ic): Phuong phap nay sé& thyc hién 1ay ding cac phan pixel
trén anh guong mit va loai bo nén xung quanh. Cu thé: xac dinh khoang cach
gifra 2 mét. Thuc hién cét véi cac kich thude xac dinh nhu sau: chiéu cao vung
cit c6 hé s6 4.5 gom 1.3 cho ving trén mat va 3.2 cho vung dudi mat, chiéu
rong ving cat ngang c6 hé s6 2.4, cac hé s6 trén nhan voi khoang cach tir gitra
2 mat dén mat phai dé c6 kich thudc that.

- DownSampling (ds): Phuong phap dung dé giam kich thudc anh vé kich
thude phi hop voi dau vao mang CNN. St dung linear interpolation dé giam
kich thudce anh thanh 32x32.

- ConvertColor (cc): Pay la phuong phap chuyén tat ca mau sac cac hinh anh
vé cling mot mirc mau. Trong thi nghiém cta dé tai, hoc vién chuyén tit ca
anh vé anh muc do xam.

- IntensityNormalization (im): Cac yéu t6 vé brightness va contrast gy sai
khac & cac anh cila cting 16p biéu cam va cung d6i tuong. Do do, can giam anh
huong brightness va contrast dé giam do phirc tap cho bd phan 16p bang
intensity normalization. Intensity normalization 1a thuc hién chuin héa vé
intensity bang phuong phap contrastive equalization tai mdi pixel: xac dinh

kernel xung quanh mdi pixel, tinh 6 va p tai kernel d6. Gia tri méi theo cong
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X— Unhgx

thirc x' = véi x' 1a gia tri mai va x 1a gia tri ban dau. V&i mo hinh de

Onhgx

xudt, st dung contrastive equalization véi kernel 7x7.

- ImageToArrayPreprocessor (iap): mot ham chuyén doi dé chuyén do6i anh
s6 thanh ma trdn numpy, dung dé tinh toan, huan luyén moé hinh.

- FaceDetector (fd): bo phat hién guong miat bang mé hinh pretrained
Haarcascades, trong d6 dau vao 1a mot anh mirc xam (Grayscale image).

- EyesDetector (ed): Phat hién vi tri mit trén guong mit bang moé hinh
pretrained haarcascade_eye, nhan anh dau vao 13 anh mirc xam.

- DataGenerator (dg): B tang cuong dit lidu hoc bang elastic distortions.

O phan nay, hoc vién s& nhan xét két qua tig phuong phap tién xtr trén ca hai
bo dir lidu. Két qua duoc bao cdo 1a d6 do F1 chay trén phuong phap danh gia chéo
(cross validation). Pau tién ching ta thiy duoc sy khac biét giita cac nhin cam xac
clia timg phuong phép tién xir 1y khac nhau. Poi véi nhan “Angry”, phwong phap
“rc” khi 4p dung don 1¢ dat két qua cao nhét voi d6 do F1 12 0.60, két qua nay tuong
tu nhu nhan “Disgust”, nhin “Fear” va nhan “Happy” khi phuong phap tién xtr 1y rc
dat hiéu qua t6t nhat véi két qua 1an luot 1 0.90, 0.46 va 0.91. Nguoc lai thi dbi véi
hai nhan 12 “Sad” va “Suprise” thi budc tién xir Iy “ds” va “iap” déu cho két tot nhat
nhat twong Ung vai hai nhin nay. Két qua 1a 1an luot 0.45 va 0.92 cho nhan “Sad” va
“Surprise”. Con d6i v4i nhin “Neutral” thi ca hai phuong phap tién xir 1y 1a “ic” va
“dg” déu cho két qua tot nhat voi 0.81. Do d6 chiing ta thiy rang mdi phuong phap
tién xtr Iy déu cho hiéu qua khac nhau véi timg nhan trong dit liéu. Ciing dya vao
bang 3.1, khi két hop tit ca cac budc tién xir 1y lai voi nhau, chung ta c6 thé thiy dbi
v6i bd dit lidu ndy, s& c6 mot s6 nhin ching ta dat hiéu qua t6t hon khi 4p dung riéng
1¢ cac phuong phap tién xir Iy. Cu thé nhu khi 4p dung tit ca cac phuwong phap tién
xtr 1y, chung ta dat két qua cao hon tai hau hét cac nhan tir nhan “Fear”, trong d6
chung ta dat 0.63 d6i v6i nhan Angry, 0.91 v6i nhin Disgust, 0.92 v6i nhan Happy,
0.81 voi nhan “Neutral”, 0.46 véi nhan Sad va 0.93 vdi nhan Surprise. Con lai nhan

“Fear” thi thap hon véi 0.43.
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Bang 3. 7: Két qua chi tiét cac phwong phap tién xir Iy khac nhau trén b dir liéu CK+

Tién xir Nhan cam xtc khuon mat
ly Angry | Disgust | Fear Happy | Neutral | Sad | Surprise

rc 0.60 0.90 0.46 0.91 0.80 0.35 0.89
ic 0.57 0.88 0.45 0.90 0.81 0.42 0.91
ds 0.58 0.88 0.43 0.89 0.80 0.45 0.91
cc 0.56 0.85 0.41 0.88 0.79 0.43 0.91
im 0.52 0.89 0.45 0.87 0.79 0.39 0.91
iap 0.54 0.86 0.46 0.87 0.79 0.42 0.92
fd 0.55 0.87 0.42 0.87 0.80 0.39 0.90
ed 0.55 0.89 0.40 0.89 0.79 0.38 0.91
dg 0.59 0.87 0.44 0.90 0.81 0.37 0.91
All 0.63 0.91 0.43 0.92 0.81 0.46 0.93

Tuong ty nhu vdy, bang 3.8 trinh bay két qua ctia cc tién phuong phap xir 1y
dau vao trén bd dir liéu JAFFE. Tuong tu nhu bo dir li¢u CK+, thi mdi phuong phap
tién xur 1y trén bo dir liéu déu cho cac hiéu qua khéc nhau trén tirng nhan cam xuc.
Tuy nhién khac voi b CK+ thi cac phuong phép tién xtr 1y khac lai hiéu qua véi cac
nhan nhu phuong phap “im” dat hiéu qua tot nhat trén nhan “Disgust” véi gia tri F1
14 0.63, phuong phap “cc” dat hiéu qua t6t nhat v6i do chinh xac 13 0.65, trong khi d6
phuong phap “ic” dat két qua két qua tot nhat trén nhin “Surprise”. Cac két qua ting
phuong phap nay con cho két qua tét hon két hop tat ca cac phuong phép tién xir 1y
v6i nhau. Tuy nhién, chiing ta van thiy rang két hop cac phuong phap lai van cho két
qua t6t hon trén mot s6 nhan nhu “Angry” véi gia tri 1a 0.56, nhan “Fear” vé6i d6 do
F1 14 0.38, nhan “Neutral” voi gia tri 0.52 va nhan “Sad” 0.45. Nhin chung, khi két

hop céc tién xir Iy cing nhau, déu cho két qua tot hon.
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Bang 3. 8: Két qua chi tiét cAc phwong phap tién xir Iy khac nhau trén

b dit liéu JAFFE
Tién xir Nhan cam xtc khuéon mat

ly Angry | Disgust Fear Happy | Neural | Sad | Surprise
rc 0.53 0.50 0.33 0.63 0.37 0.28 0.51
ic 0.46 0.58 0.29 0.62 0.32 0.35 0.62
ds 0.40 0.35 0.30 0.54 0.50 0.41 0.61
cc 0.52 0.57 0.25 0.65 0.48 0.47 0.58
im 0.53 0.63 0.28 0.62 0.41 0.44 0.52
iap 0.55 0.45 0.23 0.56 0.37 0.30 0.54
fd 0.52 0.43 0.29 0.57 0.35 0.40 0.51
ed 0.49 0.44 0.30 0.58 0.47 0.29 0.57
dg 0.44 0.54 0.27 0.55 0.46 0.29 0.49
All 0.56 0.62 0.38 0.64 0.52 0.45 0.55

3.7 So sanh két qua md hinh CNN va DCNN

3.7.1 Ting sé lwong l6p tich chdp — Convolution layer

K¥ thuat tich chap Convolution 1a mot tip hop cua cac 16p hoat dong dé rat

trich thong tin ctia bude anh trudc khi dua kién trac mang no-ron dé xac dinh nhan

ctia n6. Cac 16p tich chap — Convolution layer dugc st dung dé giup may tinh xac

dinh céc tinh nang co thé bi bo sot khi chi don gian 1 1am phang mot hinh anh thanh

cac gia tri pixel cia nd. Moi 16p b loc déu dugc thiét ké dé nam bat cac thong tin

khac nhau trong btrc anh. Vi du: 16p dau tién ctia bo loc ndm bat cac mau nhu canh,

gdc, cham. Cac 16p tiép theo két hop cac mau dé dé tao ra cac mau 16n hon (nhu két

hop céac canh dé tao hinh vudng, hinh tron). D6 1a 1y do tai sao hoc vién ting kich

thudc bo loc trong cac 16p tiép theo dé thu dugc nhiéu két hop nhat cé thé.
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3.7.2 Ap dung ky thudt dropout va batch normalization

Dropout 1a k¥ thuét duoc sir dung dé ngin chin qua trinh overfitting trong md
hinh hoc sau. K¥ thuat nay dugc thém vao trong kién tric mé hinh loai bé ngu nhién
mot s node neurons cua kién tric mang. Khi mot s node bi tit thi cac trong sb va
su két ndi dén va di dén do cling bi nge"tt theo. Piéu nay dugc thyuc hién dé nang cao

kha nang hoc héi cua moé hinh va gitip mo hinh c6 hi¢u suat tot hon.

Batch normalization la mot 16p cho phép moi 16p cua mang thyc hién viéc hoc
mot cach doc 1ap hon. N6 duoc st dung dé chuan hoa dau ra cla cac 16p trude do.
Céc kich hoat m& rong quy mé 16p dau vao trong qua trinh chudn hoéa. St dung
phuong phap hoc chuan hoa hang loat tré' nén hiéu qua va né ciing c6 thé duogc st
dung nhu qué trinh chinh quy hoa dé tranh trang bi qua muc cho mé hinh. Lép duoc
thém vao mo hinh tuan ty dé chuin héa dau vao hoic dau ra. Lép nay co thé duoc st
dung tai mot s6 diém giita cac 16p ctia mé hinh. N6 thudng duoc dit ngay sau khi xac

dinh md hinh tuan ty va sau cc 16p tich chap va gop.
3.7.3 Md hinh

Duya trén mo ta & trén, trong phan ndy hoc vién s& mé ta kién trac b sung mo
hinh CNN & chuong 2 bang viéc bd sung thém cac 16p tich chap - covolution layer
voi cac bd loc ¢d kich thudc khac nhau. Bén canh do, hoc vién cling bod sung thém
cac k¥ thudt giam overfitting nhu Dropout, Batch Normalization dé ting d6 chinh
xac. Hoc vién goi m6 hinh nay la m6 hinh Deep Convolution Neural Network —

DCNN d¢é so sanh véi mo hinh CNN ¢ chuong 2.
+ Két qua thi nghiém

O phan nay, hoc vién s& so sanh két qua thi nghiém mé hinh cai tién DCNN
va mo6 hinh CNN dugc trinh bay ¢ chuong 2 trén ca hai bd dir liéu CK+ va JAFFE

gbc va khi ting cuong dit lieu. Két qua duge bao cdo trén cac d6 do nhu d6 chinh
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xéc, d6 phi va chi s6 F1-score. Bang 3.9 va Hinh 3.8 trinh bay két qua so sanh giita
hai m6 hinh DCNN va m6 hinh CNN trén ca hai by dir li€u trudc va sau khi tang
cuong dir liu.

Bang 3. 9: Két qua cac dd do DCNN trén hai b dir liéu gdc va sau Khi

ting cuwong dir li€u

B0 dir liéu | Loai dir liéu Precision Recall F1-score
Dit liéu gbc 0.83 0.82 0.82
Dit liéu tang cuong 0.92 0.92 0.92
Dit liéu gbc 0.59 0.55 0.57
Dit liéu tang cuong 0.71 0.63 0.67

CK CK + Aug JAFEE JAFEE + Aug

JAFFE
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B DCNN mCNN

Hinh 3. 12: Két qua d do F1 giira mé hinh DCNN va CNN trén hai b dir

liéu gbc va ting cuwong dir liéu

Nhin vao bang sé liéu 3.9 va hinh 3.12, ching ta thdy mé hinh cai tién DCNN
v6i thém cac 16p tich chap dé rit nhiéu thong tin hon tir birc anh va 4p dung 2 ki
thuat giam overfiting trong qua trinh huan luyén mé hinh déu cho két qua t6t hon mé
hinh CNN. Cuy thé ddi véi bo dit liéu gbc CK+, md hinh DCNN dat d6 chinh xac 0.83,
d6 phu 14 0.82 con gia tri F1 1 0.82, so véi md hinh CNN thi mé hinh cai tién nay



55

cao hon +0.02. Con dbi voi bo dit liéu CK+ khi tang cuong dir li€éu thi mé hinh DCNN
cao hon mé hinh CNN +0.07 vé d6 do F1. Trong khi d6 vé6i bo dit liéu JAFFE, md
hinh DCNN ciing chirng minh sy hiéu qua khi d6i voi dit liéu gdc, mo hinh nay cao
hon mo6 hinh CNN +0.03, con trén dir li€u tang cuong thi mo hinh +0.04. Nhin mot
cach tong quan, chiing ta thdy mé hinh DCNN déu cho két qua tét hon mo hinh CNN.
Hinh 3.13 va Hinh 3.14 trinh bay két qua chi tiét cac d6 do ctia mod hinh DCNN va
mo hinh CNN trén ca hai bd dir liéu CK+ va bo dir li¢u JAFFE.

Nhin vao hinh 3.13, ching ta thdy rang m6 hinh DCNN gitp ting hiéu qua
hon c4ac mo hinh CNN hau hét trén tit ca cac nhén trir nhin Surprise. Dac biét 1a dbi
v6i hai nhén c6 ty 1& nhan it va d6 chinh xac thdp nhu “Fear” va nhin “Sad”. M6 hinh
DCNN gilp tang hiéu qua +0.12 cho ca hai nhan nay so vdi moé hinh CNN. Tu d6
cho thiy rang minh b6 sung thém céac 16p tich chap va thém céac 16p giam overfiting
trong mo hinh s& gitip tang hiéu qua trén cac nhén it dir liéu va hiéu qua thap. Tuong
tu nhu vay ddi véi bo dir liéu JAFFE, m6 hinh DCNN cling cao hon mdt s6 nhin cam

xUc ngoai trir nhan “Angry” va nhan “Happy”.

Bo di liéu CK+
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Hinh 3. 13: Két qua cac d9 do ciia md hinh DCNN va md hinh CNN trén
bd dir liéu gbc CK+



56

BS dir liéu JAFFE
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Hinh 3. 14: Két qua cic d9 do ciia md hinh DCNN va mé hinh CNN trén
bd dir liéu gbc JAFFE

3.8 Két luan ciia chwong 3

Trong chwong 3 nay, hoc vién da trinh bay chi tiét hai bd dir liéu duoc sir dung
dé thuc nghiém trong dé tai nay la bd dir licu CK+ va bg dir li¢u JAFFE. Sau do, hoc
vién da nhan xét va so sanh sy hi¢u qua cua hai mé hinh CNN va DCNN trén ca hai
bo dir licu theo cac d§ do do chinh x4c — accuracy, do phu - recall, d§ chinh xac -
precision va do do F1. Ngoai ra hoc vién con phén tich xem ty 16 nham 13n giira cac
nhan trong hai bo dir li¢u dé kiém tra xem la nhén nao hay bi dy doan sai nhét. Cubi
cuing hoc vién so sanh két qua ctia hai mo hinh DCNN va mé hinh CNN trén hai bo
dir liéu. Két qua thi nghiém cho thiy ring mé hinh DCNN cho két qua cao hon so véi

md hinh CNN trén mot s6 nhén it dit lidu.
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CHUONG 4: UNG DUNG

4.1 Ung dung phat hién cam xiic khudén mit

Dé xay dung tmg dung phat hién cam xac khudén mit trén webcam cta man
hinh laptop, em st dung ngdn ngit Python két hop véi thu vién OpenCV dé viét viét
chuong trinh minh hoa hd trg cho viéc xur 1y dit liéu dau vao tir webcam. Qua trinh

xur ly qua 5 budc nhu sau:

Buéc 1: Anh dau vao dugc chuyén thanh da cap xam.

Buéc 2: Dung haar cascade cua thu vién OpenCV dé tim kiém ving mat nguoi
trén anh dau vao, sau khi cat duoc vung khuon mat thi s€ dugc chuyén dén
buoc 3.

Buwéc 3: Ving anh mit nguoi dugce chuyén d6i vé kich thudce 32x32 boi vi day
13 kich thudc dau vao cua viée huin luyén cac mo hinh CNN trén céac bo dir
liéu.

Buéc 4: Anh sau khi da duoc chuan héa thanh kich thudc 32x32 da cap xam
chuyén d6i vé mién [0, 1] sau d6 dwa vao mé hinh CNN di dugc huin luyén
san dé tién hanh dy doan nhan cam xuc.

Bude 5: Dau ra ctia CNN 1a x4c suét ctia cac cam xtc, chon cam xuc co xac

xuat cao nhat lam két qua cudi cung.

Két qua chay thtr nghiém thyc té cho thay rang mé hinh dy doan kha nhay véi
nhin cam xtc “Happy” va khé xéac dinh duoc véi nhin “Angry” bai vi ¢ thé do biéu
dién cam xuc khudén mit ciia hoc vién khong gidng vai cac dir lidu trong b huan
luyén. O trong phan nay hoc vién Iya chon mé hinh CNN duoc huan luyén trén b
CK+, JAFFE boi vi mé hinh nay dat két qua twong dbi tot va sb luong tham sé it hon
mo6 hinh DCNN. Piéu nay s& dam bao viéc xir Iy khi sir dung Webcam truc tiép tir
may tinh véi cau hinh cia laptop dang str dung. Dudi ddy 1a hinh anh minh hoa chay

thue t€ cua hoc vién.
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B | Face = a X

Hinh 4. 1: Két qua du doan md hinh CNN trén thir nghiém thue té
ddi voi nhan “Happy”

Thoi gian du doan md hinh CNN trén thtr nghiém thuc té khi nhan dién mot
khung hinh dé xéac dinh cam xtc, tinh tir lac webcam nhan hinh dwa vao mé hinh dén
lic ra két qua mat trung binh 0.03s. Hinh 4.2 14 thoi gian chay thyc nghiém khi nhan

dang cam xuc khuén mat qua webcam.

[INFO]
[INFO]

674316486

4185791

Hinh 4. 2: Thoi gian dy doan mé hinh CNN trén thir nghiém thuyec té



59

4.2 Két luan chwong 4

Trong chuong 4 nay, hoc vién da trinh bay mot ing dung minh hoa st dung
trén webcam cua may tinh dé phat hién va phan loai cam xtic khuon mét. Véi su %)
trg cua thu vién OpenCV trong viéc xac dinh vung chira khuén mat, hoc vién léy két
qua nay dua qua md hinh CNN d3 dugc huin luyén san dé tién hanh dy doan nhén

cam xuc roi xuat 1én man hinh.
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CHUONG 5: KET LUAN VA HUONG PHAT TRIEN

5.1 Két qua nghién ciru ciia luan van

Trong ludn vian nay, hoc vién da tim hiéu, khao sat cac k¥ thuat Hoc may, Hoc
sdu ciing nhu cac k¥ thuét tién xtr Iy. Dya trén cac tim hiéu, hoc vién kiém chimg mot
s6 phuong phap tién xur 1y anh va ting cuong miu hoc va mang CNN sdu cai tién cho
bai toan nhan dién cam xic guong mat dat hi€u qua thoi gian thuc, hai b dir liéu
dung dé huan luyén va danh gia 1a JAFFE va CK+. Trong d6, cac két qua thuc nghiém
& Bang 3.5 cho thay viéc ap dung k¥ thuat ting cuong dir liéu ¢6 anh huong tich cuc
1o 1ét thi d6 chinh xac thu duogc cao hon khi huin luyén voi tap anh géc O ca hai bo
dir liéu. Phuong phap tién xir 1y ciing chimg minh su hiéu qua, trong d6 cac két qua
cho thay viéc 4p dung tat ca cac k¥ thuat tién xir Iy dugc trinh bay ¢ phan 2.1 s& hiéu

qué hon so vo61 thyc hién riéng 1€ tirng phuong phép.

Céc thir nghiém trinh bay ¢ Bang 3.9 ciing cho thiy kién trac mang DCNN sau
dé xudt boi hoc vién cho két qua tét trén ca hai bo dit liéu CK+ va JAFFE, tuy nhién
hoc vién sir dung kién trac mang CNN don gian & Chuong 2 dé xay dung hé thong
demo phéat hién cam xtc dé phu hop v6i yéu cau thoi gian thuc véi cdu hinh may

laptop ¢ nhan trong mai trudng thuc té.

Hoc vién ciing da xay dung mdt ting dung minh hoa phat hi¢n cdm xtc khuén

mit chay trong mdi truong thuc té voi thoi gian thuec.
5.2 Nhirng han ché trong ludn viin

Bén canh nhiing gi hoc vién dé dat duoc trong qua trinh 1am luén van ciing ton
tai nhitng han ché ma can phai duoc nghién ctru va phat trién trong twong lai. Hoc
vién hién tai chi kiém tra va danh gia trén b dir liéu chuan da duoc cong bd cho
nghién ctru 1a bo dit liéu CK+ va JAFFE. Két qua thir nghiém trén bo dit liéu JAFFE

chua dat két qua nhu mong doi, con thap kha nhiéu so véi bo dir liu CK+.
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5.3 Hwéng phat trién

Thr nghi€ém trén nhiéu bo dix liéu dé dat két qua cao hon nhu Fer 2013, VGG
16, Resnet ... v6i hé thdng méy c6 cdu hinh manh hon.

Xay dung duogc hé théng hd tro phan biét cam xuc bénh nhan c6 d6 chinh xéac
cao va dap tng cac yéu cau vé thoi gian thuc, phuc vu cho viéc kham chita bénh tai

Bénh Vién Pa Khoa Tay Ninh dé nang cao trai nghiém nguoi dung.
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