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TOM TAT

Tén dé tai: Nhan dién cam xtc trén khudn mat ung dung tri tu¢ nhan tao
Sinh vién thuc hién: Huynh Ba Thuan
S6 thé SV: 102200034 Lop: 20T1

Bai toan nhan dang cam xac bat ddu dugc nghién ciru tir nhitng ndm 1970 nhung
két qua dat duoc van con nhiéu han ché. Hién nay van dé nay van dang duoc nhiéu
ngudi quan tim bai tinh hap dan cung nhitng van dé phuc tap cua noé. Pay ciing 1a dé
tai c6 tinh tng dung cao nhu trong linh vuc y té dé nang cao kha ning tuong tic cia
robot v&i bénh nhan, trong linh vuc quang cdo dé theo ddi cam xuc cta khach hang tir

d6 dé ra phuong hudng phat trién thyc té.

Vi tinh tng dung cua bai toan nén em da thuc hi¢n dd an nay. Muc ti€u cua dd an
nay 1a nghién ctru va danh gid vé cac phuong phap nhan dang mit nguoi trong viéc
nhan dang ra 7 cam xtuc: Vui, budn, gian du, tu nhién, bat ngo, ghé tém, khoc trén
video, hinh anh. Bang cach sir dung cac phuong phap nhan dang mit ngudi dé xéac
dinh c6 ngudi xuat hién hay khong tir ¢6 phan tich cac dic diém nhan dang trén guong

mit d6 dé tim ra cam xtc guong mit thong qua tap gia tri cam xdic co san.
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Chuong 2: Trinh bay nhiing 1y thuyét vé thuat toan phat hién khuon mat va kién
trac CNN.
Chuong 3: Trinh by vé ngudn goc cua dir liéu huan luyén, phan bd cia tap dir
liéu va phan tich chi tiét vé phuong phap thuc hién va két qua dat dugc cia quy
trinh huan luyén va phat trién mo hinh.
Chuong 4: Trinh bay qua trinh xay dung trng dung cho nguoi dung st dung.
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LOI NOI PAU

Pé tai “Nhan dang cam xuc trén khudén mat img dung tri tu¢ nhan tao” 1a ndi
dung em chon dé nghién ciru va lam dd 4n mén t6t nghiép sau bén niam theo hoc
chuong trinh cua khoa Cong ngh¢ thong tin tai truong Pai hoc Bach Khoa — Pai hoc
Pa Nang.

Pé hoan thanh qua trinh nghién ctru va hoan thién do an nay, 16i diu tién em xin
chan thanh cam on sdu sic dén thidy Ninh Khanh Duy. Thay da truc tiép chi bao va
huéng din em trong sudt qué trinh nghién ciru dé em co6 thé hoan thién d6 4n nay.
Ngoai ra em xin chan thanh cam on cac Thay, C6 trong khoa Cong nghé thong tin di

giang day va truyén thu céc kién thtrc chuyén nganh trong nhirng nim qua.

Cubi cing, xin cam on nhitng nguoi ban cta khoa Cong nghé thong tin da hd tro

va giup d& em trong nhiing lic khé khian hay nhiing luc can 10i khuyén va sy nhan xét.

Tran trong cam on!



CAM DOAN

T6i tén 1a Huynh B4 Thuin, sinh vién 16p 20T1, nganh Cong nghé phin mém,
khoa Cong ngh¢ thong tin, Truong Pai hoc Bach khoa — Dai hoc Da Nﬁng.

To1 xin cam doan:

DO an tot nghiép voi1 dé tai "Nhan dién cdm xuic trén khudén mat ing dung tri tué
nhan tao" 1a két qua ctua qua trinh nghién ctru va lam viéc nghiém tic cua ban than to1,

duéi su hudng dan cua thay Ninh Khanh Duy.

T6i cam két khong sao chép, vi pham ban quyén hodc str dung trai phép cac tai
lidu, tai nguyén cua bat ky ca nhan hay t6 chtc nao. Moi thong tin, sd liéu trich din

trong d6 an déu duoc ghi rd ngudn gbe va c6 chu thich diy du theo quy dinh.

T61 xin chiu trach nhi€ém hoan toan trudc nha truong vé tinh chinh xac va trung

thue cta nhitng ndi dung da trinh bay trong do an. Tréan trong!
Pa Nang, ngay 20 thang 06 nam 2024

Sinh vién thuc hién

Huynh B4 Thuan
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Nhdn dién cam xuc trén khudén mat vng dung tri tué nhan tao

MO PAU

1. Muc dich thuc hién dé tai

Pé tai "Nhan dién cam xuc béng khuon mat rng dung tri tu¢ nhan tao" duoc thuc
hién nham xay dung mot hé théng c6 kha nang ty dong nhan dién va phan loai cac
trang thai cam xuc cua con nguoi thong qua hinh anh khuén maét. Viéc nhan dién cam
xuc chinh x4c c6 thé tmg dung trong nhiéu linh vuc nhu gido duc, y té, marketing, va
cong nghé giai tri, nham cai thién trai nghiém nguoi dung va ting cudng hidu qua
trong cac twong tac ngudi-may.

2. Muc tiéu dé tai

Xay dung mot mo hinh tri tué¢ nhan tao c6 kha nang nhan dién cac cam xuc co
ban nhu vui, budn, gian dir, s¢ hai, ngac nhién, kinh tom va binh thuong tir hinh anh
khuon mat.

Pénh gia hiéu suat ciia mo hinh thong qua céac chi so danh gia nhu d6 chinh xac,
do nhay, va do dac hi¢u.

Tao ra mot giao dién ngudi dung tryc quan cho phép thir nghiém va trinh dién

kha niang nhan dién cam xuc cta hé thong.
3. Pham vi va déi twong nghién cieu

Pham vi nghién ctu: Dé tai tap trung vao viéc nhan di€én cam xuic tr hinh anh
khuon mat tinh va dong. Pham vi nghién ctru bao gém viéc thu thap dir liéu, xtr ly dir
lidu, xdy dung va huan luyén mo hinh, va kiém tra hiéu qua ctia mo hinh trén cac bd
dit li¢u kiém thir.

Déi twong nghién ctiru: Cac trang thai cam xuc co ban ciia con nguoi duge bicu
hién qua nét mat, bao gém vui, budn, gian dir, so hai, ngac nhién, kinh tém va binh
thuong. Poi twong nghién clru ciing bao gdm cac thuat toan va ky thuat tri tué¢ nhan
tao, dac biét 1a hoc sau (deep learning) va mang no-ron tich chap (convolutional neural
networks).

4. Phwong phap nghién ctru

Thu thap dit liéu: St dung cac bd dit liéu cong khai c6 sdn nhu FER-2013, CK+,
hodc thu thap dir liéu mdi thong qua viée chyp anh khuén mat cta cac tinh nguyén

vién trong cac trang thai cam xuc khac nhau.

Sinh vién thuc hién: Huynh Ba Thuan ~ Huéng dan: TS. Ninh Khanh Duy



Nhdn dién cam xuc trén khudén mat vng dung tri tué nhan tao

Xt 1y dit liéu: Tién xtr 1y dit liéu bao gém cét, xoay, va chuan héa hinh anh
khuon mat. Dir liéu dugc chia thanh cac tap huin luyén, tap kiém tra va tap xac thyec.

Huén luyén, hiéu chinh md hinh dé timcdu trac c6 do chinh xac cao nhat: Sir
dung cac mo hinh hoc sdu nhu mang no-ron tich chap (CNN) dé xay dung hé théng
nhan dién cam xuc.

Panh gid m6 hinh: St dung cac chi s6 danh gida nhu dd chinh x4c, do nhay, do
ddc hiéu va ma tran nham 13n dé danh gia hiéu suét cia mo hinh trén tap dir li€u kiém
tra.

Trién khai va thir nghiém: Xay dyng mét giao dién ngudi dung cho phép nguoi
dung tai 1én hinh dnh va nhan dién cam xtc. Thir nghiém hé thong véi cac hinh anh

ngoai tap dir liéu huin luyén dé danh gia kha ning tong quat hoa ctia mo hinh.
5. Céu tric do an tot nghiép

Chuwong 1: Gi6i thiéu tong quan
o0 Noi dung chuong nay gidi thi€u bai toan nhan dién cam xuc trén khudén mat,
cach trién khai giai quyét bai toan va cac cong cu

Chuwong 2: Co sé 1y thuyét
o Noi dung chuong nay dién giai nhitng 1y thuyét vé thuat toan phat hién khuén
mit va kién tric CNN.

Chuwong 3: Giii phap nhan dién cam xuc trén khuon mat
0 No6i dung chuong nay chu yéu trinh bay vé ngudn gdc cua dit liéu hudn luyén,
phan bd cua tap dit liéu va phan tich chi tiét vé phuong phap thuc hién va két qua
dat dugc cta quy trinh hudn luyén va phét trién mé hinh.

Chuong 4: Xay dung uwng dung
o Noi dung chuong nay sé& trinh bay qué trinh xay dung Gng dung cho nguoi
dung sur dung.

Chuong 5: Két luan va huéng phat trién
o Nbi dung chuong nay tong két lai nhirng nhimng két qua dat duoc dé huéng phat
trién trong twong lai.

Sinh vién thuc hién: Huynh Ba Thuan ~ Huéng dan: TS. Ninh Khanh Duy



Nhdn dién cam xuc trén khudén mat vng dung tri tué nhan tao

Chwong 1: TONG QUAN PE TAI

1.1. Tong quan vé bai toan nhan dang cam xuc

Nhan dang cam xtc mdt nguoi (Facial Expression Recognition - FER) giir vai tro
quan trong trong tuong tac gitta ngudi va may, trong cac hé théng an ninh véi su phd
bién cua cac camera an ninh & cac sin bay, vin phong, trudng dai hoc, may ATM,
ngan hang... FER con c6 thé duoc sir dung trong nghién ctru tim 1y hoc hanh vi, chim

soc khach hang hay trong céc hé théng khuyén nghi dya trén hinh anh.

Biéu hién trén khuon mat thé hién tim trang hodc trang thai cadm xuc cua mot ca
nhan & mot thoi diém cu thé nhu budn, hanh phuc, tirc gian... Paul Ekman[1] cho thiy
sau cam xtc phd bién 1a budn (sad), hanh phiic (happy), tirc gidn (angry), so hii (fear),
ghé tom (disgust) va ngac nhién (surprise). Phat hién khudén mit 1a bude dau tién cia
nhan dang cam xtc khuon mat, trong d6 khuén mat dugc xac dinh tir anh dau vao va
loai bo cac d6i tuong khac (néu c0). Sau khi da xac dinh dugc khuén mat nguoi, budc
tiép theo thuc hién trich xuit dic trung va biéu dién cac dic trung do. V61 déac trung
thu dugc, cong viée cudi cung 13 phan loai cac dic trung vao mot trong 6 loai cam xtc
phé bién & trén. Nhiéu cong trinh nghién ctru da dugc thyc hi¢n nham nang cao do
chinh xac cho bai toan FER. O giai doan phan loai, rat nhiéu thuat toan cling da duoc
nghién ctru va cong bé nhu M6 hinh Markov an (Hidden Markov Model)[7], Naive
Bayesian[8], KNN (K-nearest Neighbours)[3], SVM (Support Vector Machine)[12],
Mang no ron (Neural Networks - NN)[8], Mang no ron tich chép (Convolutional
Neural Networks — CNN)[4]... Trong d6, CNN thé hién wu thé vuot troi voi kha ning
xtt Iy tap dir liéu 16n cling nhu rat nhiéu kién trac mang duoc nghién ctru va cong bd. ..
Véi nhitng uu diém d6 cua LBP va CNN, luan vin tap trung tim hiéu, nghién ciru kién
trac ma dir liéu dau vao cia CNN 14 dic trung LBP hay con goi 1a mang no ron tich
chap mau nhi phan cuc bd (LBP-CNN — Local

Db an nay trinh bay vé nhitng nghién ciru ctia em trong dé tai img dung xir 1y anh
dé nhan dang cam xuc. Nhan dang cam xuc ¢ day la xac dinh xem biéu cam cua guong
mat nguoi thudc 16p biéu cam nao trong $b tap biéu cam da duge dinh nghia tur trude,
& day c6 7 biéu cam d6 1a: Vui (Happy), budn (Sad), gian dit (Angry), ngac nhién
(Surprise), khoc (Fear), ghé toém (Disgust), tu nhién (Neutral).

Sinh vién thuc hién: Huynh Ba Thuan ~ Huéng dan: TS. Ninh Khanh Duy



Nhdn dién cam xuc trén khudén mat vng dung tri tué nhan tao

Db 4n c6 trinh bay mo hinh va thuit toan nhu: Mang neural tich chap CNN
(Convolution Neutral Network), thuat toan Violet — Jones, giai thuat Adaboot va bo
phan loai Cascade. PO 4n nay tip trung nghién ctru phuong phap tim dic trung trén
guong mit, sau do trich cac diém dic trung nay dé 1am mau huin luyén trén cac mang
Neural. Cudi cing danh gia két qua dat duoc sau qua trinh kiém tra va dbi chiéu.

1.2. Nhiém vu deé tai

Noi dung 1: Tim hiéu vé Python, thu vién OpenCV, cac cong cu xdy dung
model CNN.
No6i dung 2: Tim hiéu vé xir 1y anh, tim hiéu cac thuét toan huan luyén va nhan
dang guong mat nguoi st dung OpenCV trong Python.
No6i dung 3: Tim hiéu vé CNN, thiét ké, xay dung hé théng nhan dang cam xtc
trén guong mat ing dung CNN.
1.3. M0 ta cong viéc ’
- M0 té input va output cua h¢ thong:
+ Input: hinh 4nh con nguoi hodc hinh anh realtime tir camera.
+ Output: Két qua nhén di¢n cam xuc.
- Pé tai nay s€ tap trung vao viéc xay dung mdt h¢ théng nhan dién cam xuc
khuon mit va giai quyét cac van dé sau:
+ Face detection: Nhan dién khuon mat trong hinh anh.
+ Facial emotion regcognition (FER): Phan tich khuoén mat thu duogc tu
budc trén dé phan loai cam xuc ctia khudén mat.
- Két qua dy kién dat dugc:
+ Hé thong hoan chinh dé xur 1y bai toan Facial emotion regcognition.
+ Website dich vu.
1.4. Phwong phap giai quyét

1.4.1. Kho khan va thdach thirc

Tuy dat duoc nhitng két qua twong ddi kha quan do sy phat trién cua nhiéu
phuong phap nhu tri tué nhan tao, mang no ron va da cé nhiéu nghién ctru vé dé tai
nay [2][5]1[6][7]... nhung bai toan nhan dang cam xic mat ngudi van con ton tai nhiéu
kho khan va thach thic. Kho khan trong viéc phat hién méat nguoi khi anh dau vao ¢
nhiéu ngoai vat khac, hudng nghiéng cia mit hay mit bi che khuit mot phan ciing 1a

mot thach thirc 16n. Ngoai ra khi xac dinh dugc khuén mat nguoi, kich thude anh mat
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duogc cit ra thuong nhoé nén do phan giai twong d6i thip, chura ké mot sé anh dau vao
c6 d6 phan giai thap gay kho khin cho budc tiép theo 1a trich xut va biéu dién dic

trung.

Nham 1an giita cic cam xGc voi nhau khi phan loai ciing 14 thach thirc cho bai
toan FER vi mutrc do trong dong. Hay moi truong s& tac dong dén viée nhan biét cac

cam xuc, nhu anh sang qua chéi 1am hé thong khong phéan biét sy khac biét nay.

1.4.2. Phat hi¢n khuon mdt (Face Detection)

Trinh phan loai ting dua trén tinh ning Haar duoc dé xuat vao nam 2001 bai
Paul Viola va Michael Jones.[11] Pay 12 mot thuat toan trich xuét dic trung co dién,
c6 thé phat hién hiéu qua cac d6i tuong cu thé bang cach sir dung cac dic trung Haar.
Hi¢u qué ctua n6 dugc cai thién nho dd thi tich phan. Thuat toan AdaBoost dugc ap
dung dé huan luyén bd phan loai manh. Trinh phan loai tﬁng dua trén tinh nang Haar

da dugc stir dung rong rai trong nhan dién khuén mat do hi€u suat tuy¢t voi cua no.

1.4.3. Phan logi cam xuc (Facial Emotion Recognition)

Trong linh vyc tri tu¢ nhan tao (Al) va khoa hoc dir liéu, Machine Learning (ML)
va Deep Learning (DL) 1a hai phwong phap chu yéu va quan trong nhét hién
nay.[2][6][10] Ca hai déu d& mang lai nhiing tién bo vuot bac trong viéc giai quyét cac

bai toan phtrc tap, tir nhan dang hinh anh dén phan tich dir li¢u 16n.

Bang 1.1 So sanh wu nhwoc diém ciia Machine Learning va Deep Learning

phuc tap mot cach ty dong
-Xir 1y tot véi dir liéu khong
tuyén tinh

-Hiéu suat cao véi dir liéu 16n

Tén Uu diém Nhuoc diém
ML[2] Hiéu suét tot v6i dit lidu nho | Kho khin trong xtr 1y dir liéu
Kha nang xir Iy ddc trung 16n | khong tuyén tinh
D@ hiéu Trich suat dic trung thii cong
Hiéu suit han ché
DL[9][10] |-Kha nang loc cac dac trung - Doi hoi tai nguyén tinh todn 16n

- Dé bi overfiting
- Kho gidi thich
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Trong bdi canh hién nay, v6i su phat trién nhanh chéng cia cong nghé va khdi
lwong dir liéu ngay cang 16n, viéc chon Deep Learning, dic biét 1a CNNs, cho dé tai la
mot quyét dinh hop 1y. CNNs khong chi mang lai hiéu suét cao hon trong cé4c bai toan
lién quan dén hinh anh ma con gitp tu déng héa qua trinh trich xuat dic trung, giam
thiéu cong stc va toi wu hoa qua trinh phat trién [4][6]. Du DL doi hoi tai nguyén tinh
toan 16n hon, nhung vé6i nhimg tién bo trong phan cimg va dich vu dién toan dam may,

viéc trién khai cic mé hinh DL ngay cang tré nén d& dang va kha thi hon.
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Chwong 2: COSO LY THUYET

2.1. Phat hién khuéon mait

2.1.1. Phat hi¢n khuén mgt (Face Detection)

bay 1a mdt linh vuc nghién ctiru cia nganh Computer Vision ty dong xac dinh
hoac phat hi¢n khuén mat nao dé tir mot bic hinh anh ky thuat s6 hodc mot khung
hinh video tir mdt ngudn video. Mot trong nhirng cach dé thue hién diéu nay 14 so sanh

cac dac diem khudén mat chon trude tir hinh anh va mot co s¢ dir liéu vé khuon mat.

C6 rat nhiéu phuong phap giai quyét bai toan xac dinh khuén mat ngudi trén anh
2D dya vao cac hudng tiép can khac nhau. Phuong phap Haar — Like — Adaboost cila
hai tac gia Paul Viola va Michael J.Jones la phuong phdp xéc dinh mat nguoi dua theo

huong ti€p can dién mao.

Hudng tiép can dién mao tirc l1a hé théng phat hién khuon mat s€ dugc hoc cac
mau ciia khuon mat tir mot tip anh mau. Sau khi qué trinh hoc hay qué trinh huin
luyén (Training) thuc hién xong, hé thong sé& rut ra duoc nhitng tham sé dé phuc vu
cho qua trinh nhan dang. Vi vay tiép can trén dién mao con dwoc biét dén véi tén goi
tiép can theo phuwong phap hoc may. Bai bao céo tap trung chii yéu vao hudng tiép can
dién mao, str dung phuong phap Haar — like — Adaboost.

2.1.2. Dinh vi gwong mdt
¢ Dic trung Haar — Like

bac trung Haar Like duogc tao thanh béng viéc két hop cac hinh chit nhat den,
tréng v61 nhau theo mot trat ty, mot kich thudc nao do. Hinh dudi day mo ta 4 dac

trung Haar Like co ban nhu sau:

H | (B

Hinh 2.1 Cac dac trung Haar — Like co ban
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bé phat hién khuon mat cac dic trung Haar Like co ban trén dugc mé rong (
Lienhart, Kurnov, & Pisarevky, 2002; Lienhart & Maydt, 2002) thanh nhém cac dac

trung canh, dac trung duong va dac trung trung tam.

A @®<®

(a) (b) (c) (d)

Hinh 2.2 Cdc ddc trung Haar — like canh (Edge features)

o EE SPA

(a) (b) (¢c) (d) (e)

Hinh 2.3 Cdc dac trung Haar — like dwong (Line features)

=<

(a) (b)

Hinh 2.4 Cdc dac trung Haar — like xung quanh tadm (Center-surround features)

Céac hinh phia trén miéu ta cac didc trung mo rong cua cac dac trung Haar — like
CO sO.

Gia tri cia mot dic trung Haar — like 13 su khéc biét giita tong cac gia tri xam cua

cac pixel trong vung “den” véi tong cac gia tri xdm cua cac pixel trong vung “trang”
f(X) = Téng viing den(pixel) - Tﬁng viing tréng(pixel)

Tu nhitng gia tri dac trung nay dua vao bo phan loai Adaboost ta s€ xac dugc anh
c6 khuon mat hay khong.

Str dung gia tri ndy, so sanh v&i cac gia tri cua cac gia tri Pixel tho, céc dac trung
Haar — like c6 thé ting/giam sy thay doi bén trong hay bén ngoai 16p khudn miat ngudi

(in-class/out-of-class), do d6 s& lam cho bo phan loai dé hon.

Nhu vay ta co thé thdy rang, dé tinh cac gia tri cia dic trung Haar-like, ta phai

tinh tong cua cac vung pixel trén anh.
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Nhung dé tinh toan cac gia tri cta cac dic trung Haar-like cho tit ca cac vi tri
trén anh doi héi chi phi tinh toan kha 16n, do khong dap ting duogc cho cac ing dung
doi hoi tinh run-time. Do d6 Viola va Jones dua ra mgt khai niém goi 1a Integral Image
(Anh tich hop).[3]

e Anh tich hop (Integral Image):

Pay la mot cong cu gitp viéce tinh toan cac gia tri dac trung Haar — Like nhanh
hon. Anh tich hop 13 mot mang hai chiéu véi kich thudc bang kich thude cta anh can
tinh gi4 tri ddc trung Haar — Like, vi mdi phan tir cia mang ndy dugc tinh bang cach
tinh tong cta diém anh phia trén (dong 1) va bén trai (cot 1) cua nd. Bét dau tir vi tri
trén, bén trai dén vi tri dudi, phai ctia anh, vi¢c tinh todn nay don thuan chi dya trén
phép cong sd nguyén don gian, do d6 tdc do thuc hién rat nhanh. Dudi day 12 mé ta
cach tinh anh tich phan.

Fy)

Hinh 2.5 Tinh gid tri anh tich phan tai diém c6 toa dg (x,y)
Gi4 tri ca anh tich phan tai diém P ¢6 toa do (x,y) dugc tinh nhu sau:
P(X,y) = Dy <=1(X,y’)

Sau khi da tinh dugc anh tich hop, viéc tinh téng cac gid tri mic xam tai mot
vung anh bat ky nao d6 trén anh thuc hién theo cach sau, vi du tinh gia tri cia vung D

trong hinh 5 nhu sau:

D=A+B+C+D—-(A+B)—-(A+(C)+A
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& L B
Py s

C D

F3 Fa

Hinh 2.6 Tinh nhanh gia tri ciia ving anh D

Néu nhu 14 anh xam binh thuong thi dé tinh D ta phai tinh tong tt ca cac gi tri
diém anh trong D, mién D cang 16n thi sé phép cong cang nhiéu. Nhung véi anh tich
hop du mién D c¢6 kich thude nhu thé ndo thi D ciing chi can tinh thong qua 4 gia tri tai
4 dinh.

bat: P1=A,P,=A+B,P3=A+C,Ps,=A+B+C+D

= D=P1+ Ps—Pr—P3

Khi 4p dung vao tinh toan cac gia tri ddc trung ta co thé thay:

Dic trung hai hinh chir nhat (dic trung canh) duoc tinh théng qua 6 gi tri diém

anh tich hop

Diac trung ba hinh chit nhat (dac trung duong) va dac trung tam — xung quanh
dugc tinh thong qua 8 diém anh tich hop.

Dic trung 4 hinh chit nhat (dic trung chéo) duoc tinh thong qua 9 gia tri diém
anh tich hop.

Trong khi d6 néu tinh nhu dinh nghia thi cic gia tri can tinh toan 1én t&i hang

tram. Piéu nay lam tang téc do xur Iy mot cach dang ké.
¢ AdaBoost

AdaBoost ( Freund & Schapire, 1995) 1a mot bo phan loai manh phi tuyén phuc,
hoat dong trén nguyén tac két hop tuyén tinh cac bo phan loai yéu (weak classifiers) dé
tao nén mot by phan loai manh (strong classifiers). AdaBoost st dung trong s6
(weight) dé ddnh diu cic mau khé nhan dang. Trong qué trinh huan luyén cir mdi bo
phan loai yéu duoc xay dung thi thuét todn sé& tién hanh cap nhat lai trong s6 dé chuan

bi cho viéc xay dung b phan loai tiép theo. Cap nhat béng cach tang trong sb cua cac

Sinh vién thuc hién: Huynh Ba Thuan ~ Huéng dan: TS. Ninh Khanh Duy
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mau nhan dang sai va giam trong sO6 ciia cac mau dugc nhan dang ding bdi bo phan
loai yéu vira dugc xay dung. Bang cach nay thi by phan loai sau c6 thé tap trung vao
cac mau ma bd phan loai trudc dé l1am chua tét. Cudi cung cac bd phan loai yéu s€

duoc két hop lai tuy theo muic do tdt cua ching dé tao nén mot bo phan loai manh.

B phan loai yéu Ak dugc biéu dién nhu sau:

he — {1 néup,f(x) < pb;
k = :

0 nguwoc lai
Trong do:

x: Ctra sO con can xét.

Ok: Ngudng.

fx: Gia tri ciia dac trung Haar — like .

pk: Hé s6 quyét dinh chiéu ciia phuong trinh.

Khi gié tri ciia ddc trung Haar — like k: f« tai cra s6 con x vuot qua mot ngudng
Ok thi bo phan 16p Ak(x) s& két luan cira s6 con x la khudn mat (k(x) = 1), con néu f
khong vuot qua ngudng do thi khong 1a khudn mat.

AdaBoost s& két hgp cac bd phan loai yéu thanh cac bo phan loai manh nhu sau:
H(x) = Sign( Xam=1 o« h™ (x)

Trong do:

am > 0: hé s6 chuin hoa cho cac bd phan loai yéu

hm: Cac bo phan loai yéu
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weak weak weak strong
classifier 1 classifier 2 classifier 3 classifier
o ® |[0o 0 || o © o
e O \ @ -
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\
\
|

hi(z) ho(z) ha(x) H(x)

Hinh 2.7 Két hop cac bo phdn loaiyéu thanh bo phan loai manh

Str dung phwong phap may hoc Adaboost dé xay dung bd phan loai manh c6 thé

¢6 do chinh xac trén 60%.
e M6 hinh phan ting Cascade

Cascade of Boosted Classifiers 14 mo hinh phan ting véi mdi tang 13 mot mo
hinh AdaBoost sitr dung bd phan 16p yéu 1a cdy quyét dinh vé6i cac dic trung Haar —
Like.

Trong qua trinh hudn luyén, bd phan 16p phai duyét qua tat ca cac dic trung cia

mAu trong tap hudn luyén. Gia sir, bang Adaboost ta c6 dugc mot bd phan 16p

manh gém 10 bo phan 16p yéu, néu nhu vay thi tai tat ca cac cira sO con trén tim
anh ta déu phai dung ca 10 bd phan 16p yéu. Viéc nay ton rat nhiéu thoi gian. Mic du
ta thiy nhimng cira s6 that sy lam khudén mit rat it va tai nhiing cira s6 khong phai 1a
khudn mat ta co thé loai bo ma chi can dung mdt bd phan 16p manh gém it hon 10 bd
phan 16p yéu. Vi vdy nguoi ta giai quyét van dé nay bang chudi cic bd phan 16p
(Cascade of Classifier).

Ta s& c6 mot chudi cac bo phan 16p, trong d6 mdi bo phan 16p dugc xay dung
bang thuat todn Adaboost.

Bay gi0, ta dua tat ca cac ctra s6 con di qua chudi cac bo phan 16p nay:

o Bo phan 16p dau tién s& loai bo phan 16n cac cira sd khong phai khudén mat
(nagative sub window). O ddy, bd phan 16p nay rat don gian va do dé, d6 phirc tap tinh

todn cling rat thap. Tat nhién, vi rang né don gian nén trong sé cac ctra s6 dugc nhan

Sinh vién thyc hién: Huynh Ba Thuan ~ Hudng dan: TS. Ninh Khanh Duy
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dang l1a khuon mat s¢ c6 mdt lugng 16n cura s6 bi nhan dang sai (Khong phai la khuén
mat).

o Nhiing cira s6 duoc cho di qua boi bd phan 16p dau s& duoc xem xét boi bo
phan 16p sau d6: néu bd phan 16p cho rang d6 khong phai 1a khuon mit thi ta loai bo;
Néu b6 phan 16p cho ring d6 1a khudén mait thi ta lai cho di qua va chuyén dén bo phan
16p phia sau.

o Nhiing bd phan 16p cang vé sau thi cang phuc tap hon, doi hoi su tinh toan
nhiéu hon. Ngudi ta goi nhiing ctra s6 con (mau) ma bd phan 16p khong loai bo duoc
12 nhitng mau kho nhan dang. Nhitng mau nay cang di siu vao trong chudi cac bd phan
16p thi cang kho nhin dang. Chi nhitng cira s6 di qua duoc tat ca cic b phan 16p thi ta

moi quyét dinh d6 1a khuén mit.

All sub-windows

Rejected sub-windows

Hinh 2.8 Cdac bo phan 16p cia Classifier of Cascade

M0 hinh Cascade of Classifiers dugc xay dung nham rat ngin thoi gian xu 1y,
giam thiéu nhan dang 1am (False Alarm) cho b phan loai. Cascasde Trees gdm nhiéu
tang (Stage hay con goi 1a Layer), mdi ting 1d mot mo hinh Adaboost véi bo phan 16p
yéu 13 cac cay quyét dinh. Mot mau dé duoc phén loai 13 d6i tuong thi né can phai di
qua hét tat ca cac tang. Céc ting sau dugc huan luyén bang nhitng mau am Negative
(khong phai mat ngudi) ma ting trude nd nhan dang sai, tirc 1a n6 sé tap trung hoc tir
cac mau background kho hon, do d6 sy két hop cac ting AdaBoost nay lai s& gitip bd
phan loai giam thiéu nhan dang 1am. Vi cau tric nay, nhimg mau background dé nhan
dang sé& bi loai ngay tir nhimng tang dau tién, giup dap ung t6t nhat thoi gian xtr 1y va

van duy tri dugc hiéu qua phat hién khuon mit.

Sinh vién thyc hién: Huynh Ba Thuan ~ Hudng dan: TS. Ninh Khanh Duy
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Quyet dinh ket qua

2.1.3. Phat hi¢n gwong mat

Hinh 2.9 Cdu triic ciia phiong phdp nhén dang gwong mét bang Haar — like — Adaboost
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Hinh 2.10 So do nhén dang gwong mdt
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2.2. Mang noron tich chap
2.2.1. Giéi thigu so lwgc vé mgng CNN (Convolutional Neural NetWorks)

Mang no-ron tich chap (CNNs)(Lecun, 1998) 1a mot mé hinh hoc sau c6 thé xay
dung dugc cac hé théng phan loai v61 d§ chinh xac cao. Y tudng cia CNNs dugc léy
cam himg tir kha ning nhan biét thi gidc cta ndo nguoi. Pé ¢ thé nhan biét dugc cac
hinh 4nh trong voé ndo ngudi c6 hai loai té bao 1a t& bao don gian va té bao phirc tap
(Hubel, 1968). Céc té bao don gian phan ung v6i cic may hinh dang co ban & cac
vung kich thich thi gidc va cac té bao phirc tap tong hop thong tin tir cac té bao don
gian dé xac dinh cac mau hinh dang phirc tap hon. Kha ning nhan biét cac hinh anh
cua nao nguoi la mot hé théng xu 1y hinh anh ty nhi€én manh mé va ty nhién nén CNNs

dugc phat trién dya trén ba y tudng chinh:

e Tinh két n6i cuc bd (Local connectivity hay compositionality).

e Tinh bat bién (Location invariance).

eTinh bat bién ddi v6i qua trinh chuyén ddi cuc bo (Invariance to local
transition)(LeCun, 2015).

CNNs 1a mot dang mang no-ron chuyén dung dé xt 1y cac dir liéu dang ludi 1
chiéu nhu dit liu am thanh, dit liéu MGE hodc nhiéu chiéu nhu dit liéu hinh anh,
video. Cau triic co ban cia CNNs gom cac 16p tich chap (Convolution layer), 16p phi
tuyén (Nonlinear layer) va 16p loc (Pooling layer), nhu Hinh 11.

Céc 16p tich chap két hop véi cac 16p phi tuyén st dung cac ham phi tuyén nhu
ReLU hay tanh dé tao ra thong tin triru twong hon (Abstract/higher-level) cho cac 16p
tiép theo. Céc 16p lién két trong CNNs Hinh 11: Convolutional Neural Network duoc
v6i nhau thong qua co ché tich chap. Lép tiép theo 1a két qua tich chép tir 16p trude do
vi vay CNNs ¢6 dugc cac két ndi cuc bd vi mdi no-ron & 16p tiép theo sinh ra tir mot

bo loc dugc ap dat Ién mot vung cuc bd cua 16p trude do.

Nguyén tic ndy dugc goi 1a két ndi cuc bd (Local connectivity). Mbi 16p nhu vay
duogc ap dat cac bo loc khac nhau. Mot s 16p khac nhu 16p poolong/subsampling dung

dé loc lai cac thong tin hitu ich hon 6 bang cac loai bo cac théng tin nhidu.

Trong sudt qua trinh huan luyén, CNNs s& tu dong hoc cac tham sb cho céc 16p.
Lé6p cudi cung duge goi 1a 16p két ndi day du (Fully connect layer) ding dé phan 16p.
Mang no-ron tich chap dung dé phan 16p dir lisu MGE c6 kién tric mang gom nhiéu

tang. Lop dau vao cia mang (Input layer) 1a mot ma tran cuong d biéu hién gen cua

Sinh vién thuc hién: Huynh Ba Thuan ~ Huéng dan: TS. Ninh Khanh Duy
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dir liéu MGE. L6p dau ra ctia mang (Output layer) 1a sb 16p cua dit liéu. Giita 16p dau
vao va dau ra gdm nhiéu tan tich chap va mot 16p két nbi day di. Mdi tang gdm mot
16p tich chap, mot 16p phi tuyén va mot 16p loc. Dit liéu khi dugce huin luyén qua cac
tang tich chap s& duoc phén 16p pir 16p két ndi day du sir dung bd phan 16p Softmax.

Feature maps

Convolutions

Subsampling Convolutions Subsampling Fully connected

Hinh 2.11 Cdu tric mét mang CNN

2.2.2. Lop Convolution

Convolution layer 12 16p dau tién dé trich dic trung tir anh dau vao. Convolution
duy tri mdi quan hé giira cac pixel bang cach hoc cac dic trung cta birc hinh sir dung
cac kernel(filter).

Vi du: Dé tinh tich chap giira anh dau vao 5x5 va kernel 3x3 bang cach
trugt kernel trén anh dau vao voi stride = 1 va gia tri tich chap 1a két qua cua dot

product giira kernel va anh ddu vao nhu phia bén dudi.[4]

- : ~< — — T 4 1°1=1
R ... ... .. ] e Y el 10 B 0°1=0
i ' ; ; R ek 1°0=0
i 1 ! 1 : 0 1 0 1 ¥ S 1*1=1
- s C e e B o~ // 0°0=0
$ 4 ! ] - 5 1°1=1
0:0:1:1:1 g : A e 7 1°0=0
------ | TR S G # g L
0 0 1 ET*-?«O\ ‘|;<.D\ .
0:!1i!1i0!0 Convoluted feature
Kernel

Hinh 2.12 Tinh tich chdp giita anh ddu vao 5x5 va Kernel 3x3

2.2.3. Lop Pooling

Chtic nang ciia 16p pooling 1a giam dan kich thudc khong gian (chiéu dai va
chiéu rong) cua khéi dau vao dé giam khoi luong tinh toan trong mang ciing nhu dé
chdng lai hién tuong Over-fitting.

Huéng dan: TS. Ninh Khanh Duy
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Gidng nhu hoat dong cua 16p Convolution thi 16p Pooling ciing c6 mdt cira s6
truot, cira so nay truot trén toan bd ma tran dau vao va léy gia tri lon nhét tir cac gia tri

ctia anh va cta s6 truot qua (hinh thirc nay goi 1a Max Pooling).

Vi du vé Max Pooling voi stride = 2 va ctra s6 truot véi kich thude 2x2

224x224x64 :
Y - Single depm.sllce
e 4 «| S 2 | 4
‘ [ ----- | = max pool with 2x2 filters

/_," y 516 7 |8| andstide2 6 8

' ° 3|2 4]0 34
112314

224 dcmmsamplmg..112
112

224 y

Hinh 2.13 : Minh hoa vé Max Pooling

L6p Pooling chi hoat dong trén timg 16p cta khoi ma tran Input dua vao, khong

anh huong dén chiéu siu cua khéi ma tran Input.[4]
2.2.4. Lop Fully Connected

Fully connected 14 16p cudi cing ciia mang CNN. Day 1a mot 16p day du két nbi
(fully connected layer). Lép niy ndi moi noron tir 16p max pooled t6i moi noron ciia

tang ra.[2]

Fully Connected Layer - Forward o

« Matrix calculation is very fast on GPU
- CuBLAS library

A=Wy + WiaXs + Wiy

2 amnf X
vi=fla) a Wi Wi W3

= X
A3=W11.X] + W2oXa + WXy a W21 W22 W23

X3

v=f(a)

Hinh 2.14 Minh hoa vé I6p Fully Connected
2.2.5. Ldp phi tuyén ReLU (Rectified Linear Unit)

Sinh vién thyc hién: Huynh Ba Thuan ~ Hudng dan: TS. Ninh Khanh Duy
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Epochs

Hinh 2.15 Ham ReLU va toc do héi tu khi so sanh véi ham tanh.

ReLU (Rectified Linear Unit) duoc st dung rong rai gan day vi tinh don gian cua
n6. Do thi ciia ham ReLU duoc minh hoa trén Hinh 5 (trai)). N6 c¢6 cong thirc toan hoc
f(s) = max (0, s) - rat don gian. Uu diém chinh ctia n6 la:

e ReLLU dugc ching minh gitip cho viéc training cac Deep Networks nhanh hon
rat nhiéu (theo Krizhevsky et al.). Hinh 5 (phai) so sanh sy hoi tu ciia SGD khi str
dung hai activation function khac nhau: ReLU va tanh. Sy ting toc nay dugc cho 13 vi
ReLU duoc tinh toan gan nhu tirc thoi va gradient ctia né cling dugc tinh cyc nhanh
v6i gradient bang 1 néu dau vao 16n hon 0, bang 0 néu dau vao nhé hon 0.

e Mac du ham ReLU khong c¢6 dao ham tai s = 0, trong thuc nghiém, nguoi ta
van thuong dinh nghia ReLU’(0) = 0 va khang dinh thém rang, xac suat dé input cua
mot unit bang 0 14 rat nho.[4]

Sinh vién thyc hién: Huynh Ba Thuan ~ Hudng dan: TS. Ninh Khanh Duy
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Nhdn dién cam xuc trén khudén mat vng dung tri tué nhan tao

Chuong 3: GIAI PHAP NHAN DANG CAM XUC TREN KHUON MAT

3.1. Pipeline tong quan

&t qua nhan dién cam
xac

Anh dau vao Phat hién khudn mat

Phan loai cAm xutic

Hinh 3.1 Gidi phdp téng quan ciia hé thong

Hinh anh trén 1a mot so d6 khoi mo ta quy trinh nhan dién cdm xtc tir 4nh dau vao.

Quy trinh nay bao gom cac budc sau:

- Anh dau vao: Pay 1a budc dau tién, noi anh dugc nhap vao hé thong.

- Phat hién khudén mit: Anh dau vao duoc xir ly dé phat hién cac khuén mat trong
anh.

- Phan loai cam xuc: Sau khi khuén mat dugc phat hién, hé théng tién hanh phan
loai cam xuc dua trén cac dic diém khudn mat.

- Két qua nhan dién cam xuc: Cudi cung, hé thong dua ra két qua vé cam xuc

dugc nhén dién tir 4anh dau vao voi nhan va dd tin cdy du doan cho nhan do.

So d6 nay cho thay mdt cach truc quan cac budc can thiét dé thuc hién viéc nhan dién
cam xuc tir anh.

3.2. Phat hién khuoén mat (Face Detection)

Budc dau tién khong thé thiéu trong nhan dang cam xic mit nguoi 1a phat hién
khuon mit. Néu budc phat hién khuén miat duoc thuc hién tot thi s& lam ting hiéu qua
nhan dang ctia hé théng. Chung toi sir dung thuat toan do Viola-Jones dé xuét voi dic
trung Haar dé xac dinh ving trong anh c6 khuon mat ngudi. Thuat toan ndy cho két
qua kha cao va thoi gian xir Iy nhanh. Véi dit liéu khuon mat dé nhan biét dugc cam
xuc thi tu thé khuon mat phai dugc chup thang (frontface) va khong co6 mang bét ky
phu kién nay che khut cac dic trung, ddy 1a tién dé dé phuong phap cua Viola-Jones
cho két qua rat cao va nhanh [11].

Sinh vién thuc hién: Huynh Ba Thuan ~ Huéng dan: TS. Ninh Khanh Duy 19
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Chung toi sau khi phat hién cho viing khudn mit chung t6i chuan hoéa kich thudc
khuén mit dé chuan bi cho giai doan ké tiép. bé phan loai cam xtc ctia khudén mat thi
chung t6i gia thiét khong lam mét tinh téng quat 13 trong mdi anh chi c6 toi da mot

khuon mat.

3.2.1. Mo tda
- Module nay duoc sir dung dé xac dinh cac ving khuén mat nam trong anh dau
Vao.
+ Input: anh dau vao.
+ Output: toa do cac vung khuoén mat da dugc nhan dang.
3.2.2. Gidi phdp
- M6 hinh svr dung: st dung model pre-trained 4p dung thudt toan Haar cascade
cho bai toan object detection.
- Sir dung thu vién OpenCV cai dit Haar Cascade dé phat hién cac dbi twong nhu
khudn mat.[11]

3.2.3. Két qua thir nghiém

Hinh 3.2 Két qud thir nghiém model FD

Sinh vién thyc hién: Huynh Ba Thuan ~ Hudng dan: TS. Ninh Khanh Duy
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- M6 hinh phat hién khuén mit t6t voi ca anh 1 ngudi va anh nhidu ngudi.
- Mot s6 guong mit khong rd rang hodc bi che khuit s& khong phat hién duoc

3.3. Phén logi cam xuc (Emotion Classification)

Mo ta module
- Module nay nham phan loai cam xtc trén khuon mat thu dugc tir module trudc

+ Input: ving khuén mit da dugc crop tir Module FD d3 dugc chuyén sang anh
xdm va c kich thudc 48x48.

+ Output: két qua phan loai cam xtc khudén mit

Thu thap di [Tign xcr ly div | Huan luyen |panh gia mé
© o n va hiéu chinh > .
liéu liéu R hinh
mo hinh

Y

Y

Hinh 3.3 Quy trinh xdy dung va kiém thir mé hinh phdn logi cam xiic diimg CNN
Pipeline trong hinh gém bén budc chinh trong qua trinh phat trién mé hinh hoc
may. Dudi ddy 1a mo ta chi tiét vé timg budc:
Thu thap dir liéu:

o Pay la budc dau tién va quan trong nhit trong quy trinh phét trién mo
hinh hoc may. Dt liéu dugc thu thap tur nhiéu nguén khac nhau nhu co
so dir liéu, web scraping, khao sat, hodc cac ngudn dit liéu cong khai.

o Dit liéu can phai du 16n va da dang dé dam bao mé hinh c¢6 thé hoc mot
cach chinh xac.

Tién xit ly dit liéu:

o Sau khi thu thap, dir liéu thuong khong hoan hao va can phai dugc 1am
sach. Céc budc tién xur Iy bao gom xtr 1y gia tri thiéu, loai bo dit liéu
ngoai lai, chuan héa va bién doi dit liéu (nhu chuyén doi dinh dang, ma
héa céc bién phan loai).

o Muc ti€u cua budc nay la tao ra mdt b dir li€u sach va co clu tric phu
hop cho qué trinh hudn luyén mé hinh.

Huén luyén va hiéu chinh mé hinh:

o Trong budc nay, dit liéu da tién xir Iy duoc st dung dé hudn luyén mo
hinh hoc may. Cac thuat toan hoc may dugc ap dung dé tim ra cac mau
va mbi quan hé trong dir liéu.

o Qua trinh hi€u chinh cling dugc thuc hién dé diéu chinh cac siéu tham sd
ctia md hinh nham t6i wu hoa hiéu sut cta no.

Panh gia mé hinh:

Sinh vién thuc hién: Huynh Ba Thuan ~ Huéng dan: TS. Ninh Khanh Duy
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o Sau lghi mo hinh duoc Ihuén luyén, n6 can phai dugc kiém thir yé danh
gia dé xac dinh hi€u suat cua no trén cac b dir liéu chua tung thay trudce
day (bo dit li¢u kiém thur).

o Céc chi sb danh gia nhu dd chinh xac, do nhay, d6 dac hi¢u,... dugc st
dung dé danh gia chat lugng ciia mo hinh.

o Néu mé hinh dat yéu ciu, né s& duoc trién khai; néu khong, qua trinh
huan luyén va hi¢u chinh s& dugc thuc hién lai.

3.3.1. Thu thap dir li¢u
3.3.1.1. Ngudn dir liéu
- Tén tap dir licu: FER-2013
- Ngudn: FER-2013 (kaggle.com)
- S6 lugng: 35887 mau
3.3.1.2. Phan chia dir liéu
- Phan chia bd dit liéu ban dau thanh 3 tap train — val — test theo ti 1€ 80 — 10 —

10:

+ Train: 28709 mau
+ Validation: 3591 mau
+ Test: 3587 mau
- Gan nhan tir 0 dén 6 twong (ing véi cac cam xuc: Gian (Angry), Ghé tom
(Disgust), Vui (Happy), Sad (Budn), Surprise (B4t ngd), Neutral (Binh thuong)

Class Distribution Across Datasets

. Train
. Validation
. Test

7000 -

6000

5000 4

4000 1

Count

30001

2000 4

1000 4

Class

Hinh 3.4 Phdn bo tap dir liéu hudn luyén

3.3.2. Tién xit ly dir liéu
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3.3.2.1. Thay déi kich thuéc dnh (Resizing)
Pé dam bao tat ca cac anh co cung kich thude ddu vao cho mang neural, tit ca

céc anh can dugc thay doi kich thudc vé ciing mot kich thude cb dinh 48x48 pixel.

Anh Mau (48x48)

Anh Mau Géc (269x187)

Hinh 3.5 Thay doi kich thuéc anh

3.3.2.2. Chuyén doi anh vé thang mau xam (Grayscale Conversion):

Trong bai toan nhan dién cam xuc, thong tin vé mau sic thuong khong can
thiét. Do d6, chuyén dbi anh vé thang mau xam gitp giam kich thudc dir liéu va giam
tai tinh toan.

Anh Mau Anh Xam

Hinh 3.6 Chuyén anh xam

3.3.2.3. Chudn héa gid tri pixel (Pixel Normalization):
Chia tat ca cac gia tri pixel ctia anh cho 255 dé dua cac gia tri nay vé khoang [0,
1]. Pay 1a budc chuan hoa phd bién trong xir Iy anh va gitip ting tdc d6 hoi tu ctia mod
hinh.
3.3.2.4. Tang cuong dir liéu cho tap train
- zoom_range=0.3: Tao ra cac anh phong to hodc thu nho vdi mot khoang ngau
nhién 1én té1 30%.
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- horizontal flip=True: L4t ngugc anh theo chiéu ngang ngau nhién.
rotation_range=10: Xoay anh ngau nhién trong khoang +10 d9.

- width_shift range=0.1: Dich chuyén anh theo chiéu ngang ngiu nhién trong
khoang +£10% ctia chiéu rong anh.

- height_shift range=0.1: Dich chuyén anh theo chiéu doc ngiu nhién trong
khoang +10% cuia chiéu cao anh.

- shear range=0.2: Ap dung bién ddi cit xén (shear transformation) 1én t6i 20%
Original Image

Augmented Image 1 Augmented Image 2

"N

Hinh 3.7 Két qua ting cwong dir liéu

- Tir 1 anh gdc ban dau c6 thé tao ra nhidu anh ting cudng tir nhiéu bo phuong
phép tdng cuong khac nhau.
3.3.3. Hudn luyén va higu chinh mé hinh
- Sau khi tham khao, tim hiéu vé cc ciu tric mo hinh CNN [4][9][10] t6i tién
hanh lya chon va so sanh giita 9 to hop 16p an trong mé hinh CNN dé tim ra t6
hop cho d6 chinh xac cao nhét trén tap validation
- Ca 9 t0 hop déu c6 kién trac két thuc nhu sau:
+ Tang Flatten chuyén doi dir liéu thanh vector.
+ Tang Dense va ham kich hoat ReLU, sau d6 1a Dropout véi ty 1¢ 0.5.
+ Cudi cung 1a tAng Dense v&i sd neuron bang sb luong 16p (07) va ham
kich hoat softmax dé thuc hién phan loai cam xuc.
- Qua trinh so sanh duoc thuc hién vé6i cac siéu tham sb dugce set ¢b dinh cho ca 9

mo hinh véi gié tri cu thé sau:
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Epochs =50
Learning rate = 1le-4
Batch size = 64
Optimizer = ‘Adam’,

Loss function = “categorical crossentropy”

+ + + + + o+

thién ve val accuracy.

Thuc hién giam Learning rate néu trong vong 3 epoch khong co su cai

+ Thuc hién dimg sém néu trong vong 6 epoch khong cé su cai thién vé

val_accuracy.

- Chi tiét mo ta to hop va két qua trén tap validation dugc trinh bay dudi bang

Sau.

Badng 3.1 Mé ta cdu triic va két qua hudn luyén cia tieng t6 hop trén tdp validation

STT

Mo ta cau truc

Val accurancy

Val loss

1

- 3 16p Convolution vai 1an luot 32, 64, 128 bo
loc kich thudc 3x3

0.63

1.36

- 3 16p Convolution vai 1an luot 32, 64, 128 bo
loc kich thudc 3x3
-Xenk&1a 1 bd gdbm 3 10p :
+ Batch Normalization va
+ MaxPooling 2x2,
+ Dropout(0.25)

0.60

1.85

- 3 16p Convolution véi lan luot 32, 64, 128 bd
loc kich thudc 3x3
- Xen k& 13 2 bo gdm 3 16p :
+ Batch Normalization va
+ MaxPooling 2x2,
+ Dropout(0.25)

0.57

1.35

- 4 16p Convolution v6i lan luot 32, 64, 128, 256
bo loc kich thudc 3x3

0.63

1.21

- 4 16p Convolution v6i lan luot 32, 64, 128, 256
bo loc kich thudc 3x3
-Xenké&1a 1 bd gdbm 3 10p :
+ Batch Normalization va

0.63

1.98

Sinh vién thuc hién: Huynh Ba Thuan ~ Huéng dan: TS. Ninh Khanh Duy
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+ MaxPooling 2x2,
+ Dropout(0.25)

- 4 16p Convolution véi lan luot 32, 64, 128, 256
bo loc kich thudc 3x3
- Xen k& 13 2 bd gdbm 3 10p :
+ Batch Normalization va
+ MaxPooling 2x2,
+ Dropout(0.25)

0.67

0.98

- 5 16p Convolution véi lan lugt 32, 64, 128, 256,
512 b0 loc kich thude 3x3

0.63

1.61

- 4 16p Convolution véi lan lugt 32, 64, 128, 256
bo loc kich thudc 3x3
-Xenk&1a 1 bd gdbm 3 10p :

+ Batch Normalization va

+ MaxPooling 2x2,

+ Dropout(0.25)

0.64

1.02

- 4 16p Convolution véi lan luot 32, 64, 128, 256
bo loc kich thudc 3x3
-Xenké&1a 1 bd gdbm 3 10p :

+ Batch Normalization va

+ MaxPooling 2x2,

+ Dropout(0.25)

0.65

1.00

Sinh vién thyc hién: Huynh B4 Thuan
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Loss on validate set

Epochs
Hinh 3.8 Loss ciia 9 t6 hop trén tdp validation

Accuracy on validate set

w ool = A W

Epochs

Hinh 3.9 Accuracy ciia 9 t6 hop trén tdp Validation
Tir bang trén ta chon ra dwoc t6 hop sé 6 gom:
- 416p Convolution véi 1an lugt 32, 64, 128, 256 bo loc kich thude 3x3
- Xenké&1a2bd gdbm 3 10p :
+ Batch Normalization va
+ MaxPooling 2x2,

Sinh vién thyc hién: Huynh Ba Thuan ~ Hudng dan: TS. Ninh Khanh Duy
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+ Dropout(0.25)
Cho két qua tot nhit trén tap validation véi accuracy 0.67 va loss 0.98. Do d6 ta s& sir

dung cau truc mo hinh nay.

Cau triic mé hinh cho dé chinh xdc tét nhit :

Layer {type) Output Sh: Param
conv2d (Conv2D) (None,
conv2d 1 (Conv2D) (None,

batch_normalization (Batch (MNone,
Normalization)

max_pooling2d (MaxPooling2 (MNone,
D)

dropout (Dropout) (None,
conv2d 2 (Conv2D) (None,
conv2d 3 (Conv2D) (None,

batch normalization 1 (Bat (None,
chNormalization)

max pooling2d 1 (MaxPoolin (None,
g2D)

dropout_1 (Dropout) (None,
flatten (Flatten) {None,
dense (Dense) (None,
dropout 2 (Dropout) (None,

(None,

Total params 116743 (122.52 MB)
Trainable params: 32116183 (122.51 MB)
Non-trainable params: 640 (2.50 KB)

Hinh 3.10 Cdu triic mé hinh

Mo hinh bao gdm cac tang nhu sau:
° T?mg tich chap dAu tién véi 32 bo loc kich thude 3x3, st dung ham kich

hoat ReLU va padding 'same'.
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° Téng tich chap thur hai vdi 64 bd loc kich thudce 3x3, sir dung ham kich
hoat ReLU va padding 'same'.

e Tiép theo la tang Batch Normalization va MaxPooling véi kich thudc 2x2,
sau do la Dropout voi ty 1€ 0.25.

° Téng tich chap thtr ba vdoi 128 bo loc kich thudce 3x3, st dung ham kich
hoat ReLU, padding 'same' va regularizer 12 véi hé s6 0.01.

° Téng tich chap thur tu vé1 256 bo loc kich thudce 3x3, sir dung ham kich
hoat ReLU va regularizer 12 v6i hé 6 0.01.

e Tiép theo la ting Batch Normalization va MaxPooling véi kich thudc 2x2,
sau do la Dropout voi ty 1€ 0.25.

e Tang Flatten chuyén d6i dit liéu thanh vector.

e Tang Dense v6i 1024 neuron va ham kich hoat ReLU, sau d6 1a Dropout
voity 1€ 0.5.

e Cudi cung la tang Dense véi sé neuron bang s6 lugng 16p (07) va ham
kich hoat softmax dé thuc hién phan loai cam x1tc.

e Nhim giam tinh trang over-fitting cua kién trac CNN, k¥ thuat Dropout
duge sir dung sau cac tng pooling va tang fully-connected.

Hudn luyén md hinh cé két qua tét nhit

Bdng 3.2 Cdc siéu tham s6 hudn luyén cho mé hinh trén tap train

Tham s6 huin luyén Gia tri
Epochs 150
Learning rate 10
Batch size 64
Optimization Adam
Loss function categorical crossentropy

Learning rate schedule:

Diéu chinh learning rate trong qua trinh huan luyén, chang han nhu giam learning

rate khi tién trinh huan luyén khong con cai thién dang ké.
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- monitor="val accuracy': Theo doi do chinh xéc trén tap validation.

- factor=0.2: Hé s giam tdc d6 hoc 1 0.2 khi duoc kich hoat.

- patience=6: S6 luong epoch ma moé hinh c6 thé khong cai thién trude khi giam
tdc d6 hoc.

- verbose=1: Hién thi thong tin khi giam tdc d6 hoc.

- min_delta=0.0001: D6 thay d6i tdi thiéu dé xem xét 1a cai thién

Early stopping criteria:

Céc tiéu chi dé dimg qua trinh huan luyén sém néu hiéu suét trén tap validation
khong con cai thién, gitp tranh overfitting.

- monitor="val_accuracy': Theo doi d¢ chinh xéc trén tip validation.

- min_delta=0.001: D¢ thay d6i t6i thiéu ma mo hinh phai c6 dé khong coi 13 cai
thién.

- patience=3: S6 lugng epoch ma md hinh c6 thé khong cai thién trudc khi ding
huan luyén.

- verbose=1: Hién thi thong tin khi dimg huén luyén.

- restore best weights=True: Khoi phuc lai cic trong s6 ctia mé hinh vé phién

ban tdt nhat.

Model Accuracy

—— Train

Validation
0.7

i
e

0.6 1
0.5 1
0.4 +

0.3 1

0.2 4

T T T
0 20 40 60 80 100 120 140

final train accuracy = 79.59 , validation accuracy = 68.38

Hinh 3.11 Accuracy trén tdp train va validation
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- Accuracy cua m6 hinh trén tap val 1a 68.38% va trén tap train la 79.58%

Model Loss

—— Train
Validation

T T T
0 20 40 60 80 100 120 140

Hinh 3.12 Loss trén tdp train va validation

- Loss trén tap trai la 0,98 va trén tap train la 0,68
- Két qua cho thidy mo hinh hoi ty t6t va khong bi overfitting

Learning Rate

0.00010

0.00008

0.00006

0.00004 4

Learning Rate

0.00002

0.00000

T T T
0 20 40 60 80 100 120 140
Epochs

Hinh 3.13 Bién thién learning rate khi hudn luyén

- Learning rate c6 thay ddi trong qua trinh huén luyén va dugc biéu dién trén hinh.
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3.3.4. Danh gia mé hinh

Viéc danh gid mo6 hinh dugc thyc hién béng cach sir dung 3591 hinh anh trén
tap test. Trinh phan loai cho d chinh x4c 69,31%. Ma tran nham 1an cho bay 16p biéu

hién khudn mat duoc hién thi bén dudi:

Confusion Matrix (Percentage)

5.64%

3.76% 9.81% 13.99% 2.30% 0.8

angry

W
% 30.91% [ rivisl 364% 364% 9.09% 0.00% 0.7
2
~ 0.6
§ 1094% 0.00% 11.91% 2188% 8.40%
T 0.5
E= I
- g 169%  0.00% 87.71% 203% 1.35%
E = - 04
-§ 438% 0.00% 3.90% LPEUN 13.31%  1.14% 03
m -
=
B 1027% 0.00% 883% 353% 16.69% MECKERL -02
b -0.1
5 193% 024% 675% 482% 145% 193%
2
- 00

angry disgust fear happy neutral sad surprise
Predicted Label

Hinh 3.14 Ma trdn nham lan cho 7 logi cam xiic
Céc bang trén cho thdy mo hinh nay c6 do chinh xac cao nhat d6i v4i cam xtic vui véi
87.71%, tiép theo 1a ngac nhién voi 82,89 %, trung 1ap véi 69.48%, tirc gian voi
64.09%, budn voi 59.55%, ghé tom véi 52.73% va do chinh xac thap nhat doi véi cam
xuc s hai la 44.73%.
Precision, recall and Fl-score cua ting 16p biéu cam khuén mit dugc hién thi bén

dudi:
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Precision Recall F1l-score

disgust
fear

happy
neutral

sad
surprise

accuracy
macro avg
weighted avg

Hinh 3.15 Metris cho 7 lop cam xuc

Accuracy téng thé ctia mo hinh 14 69%. Mb hinh hoat dong thuc sy tt vé viéc phan
loai nhitng cam xtc tich cyc dan dén diém sé chinh xac twong dbi cao vé hanh phuc va
ngac nhién.

Nhin chung, hiéu suit cia mé hinh ¢6 vé yéu hon ddi v6i nhitng cam xuc tiéu cyc. Pic
biét, cam xuc so hii va budn co6 precision va fl-score thap. Mo hinh thuong xuyén
phan loai sai tirc gian, so hai va trung tinh 1a budn bi. Ngoai ra, no bdi rdi nhat khi dy
doan khuoén mit budn va trung tinh vi hai cam xuc ndy c6 18 it biéu cam nhat (khong
bao gom khudén mat dang khoc).

Tong Fl-score ciing 14 0,69. Piém F1 cao nhat cho hanh phiic va bat ngy ¢6 F1-score
lan luot 14 0,87 va 0,82. Su s¢ hii co Fl-score thap nhat 1 0,52.

Panh gia toc dd xir ly:

- Thuyc hién du doan 1000 mau ngdu nhién trén tap test 5 lan cho két qua
nhu sau:

Bang 3. 3 Banh gia 16¢ do thuc thi ciia mé hinh

>4

Lan Thai gian thue thi (s)

2.85

2.58

2.67

AW IN|F

2.64

S 3.15

- Tathu duoc két qua trung binh xir Iy 1000 mau mat 2.78s
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Chuong 4 : XAY DUNG UNG DUNG

4.1. Mi truong phat trién
- Python

Python 1a mdt ng6én ngtr 1ap trinh bac cao, dugc tao ra béi Guido van Rossum va
phat hanh 1an dau tién vao ndm 1991. Python ndi tiéng véi ct phép rd rang, dé doc, va
dé hoc, 1am cho no tré thanh mét trong nhitng ngén ngit 1ap trinh phod bién nhét trén
thé gioi.

Pic diém noi bat:

- Ca phap d& hiéu: Python c6 ct phap gin giii v6i ngdn ngir tu nhién, giup lap

trinh vién viét ma mot cach nhanh chong va hiéu qua.

- Pa ning: Python duoc str dung rong rii trong nhiéu linh vuc nhu phét trién

web, khoa hoc dir liéu, tri tu¢ nhan tao, tu dong hoa, va nhiéu linh vuc khac.

- Thu vién phong phu: Python c6 mgt hé sinh thai phong phu véi hang ngan thu

vién manh mé nhu NumPy, pandas, TensorFlow, va nhiéu thu vién khac hd tro

nhiéu linh vuec.

- Flask

Flask 12 mot microframework danh cho phat trién web duoc viét bang Python.
Flask duoc thiét ké dé dé su dung va mé rong, cho phép céac lap trinh vién phat trién
cac tmg dung web mot cach nhanh chong va dé dang.

Pic diém noi bat:

- Nhe va Linh hoat: Flask 1a mot microframework, nghia 1a né cung cap nhiing

tinh ning co ban nhét cho phat trién web va cho phép 1ap trinh vién tiy bién va

mo rong theo nhu cau.

- D& hoc va sur dung: Vi cli phap don gian va cau triic 16 rang, Flask rat dé& hoc

va str dung, dic biét 13 cho nhitng nguoi mai bat dau.

- Kha ning mé rong: Flask ho trg mé rong dé dang thong qua cic extension. Cac

extension phd bién bao gdm Flask-SQLAIlchemy, Flask-WTF, Flask-Login, va

nhiéu cai khac.
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4.2. Xay dwng API

Viéc xdy dung API backend voi Flask 1a mdt budc quan trong trong viéc phat
trién ung dung web nhan dién cam xuc tr hinh anh khuén mat. Duéi day 1a moé ta chi
tiét API nay.

- Tén: API nhan dién cam xUc

- Chirc nang: Nhin anh dau vao va tra vé két qua du doan cam xtc va va hinh
anh da xu ly.

- Pau vao: Anh tir ngudi dung duoc chuyén vé dudi dang Json

- Piu ra: Hinh anh da xu Iy v61 nhan du doan va tap két qua dy doan d0 tin cay
cho ting nhan cam xuac

- Base URL.: https://your-domain.com/facial_emotion_recognition_realtime

- Phuong thiec HTTP: POST

- Cach thuc hoat dong:

+ St dung Module Phat hién khuén mat dé vé vé vung c6 khuén mat 1én
anh
+ St dung module Phan loai cam xtc dé du doan cam xuc cho khudén mat

dugc phat hién va tra vé két qua
4.3. Thiét ké giao dién

Giao dién ngudi ding duoc xay dung bang html va javascript dé xur 1y cac sy
kién goi api, tai dir li¢u két qua 1én trang html

Facial Emotioﬁ.RecogniFign =

Detect from Image ~ Start Real-time Detection  Stop Real-time Detection

Hinh 4.1 Giao dién man hinh chinh
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Bang 4.1 Gidi thich cac chirc nang trén giao dién

Action Name

Description

Detect  from
image

Khi nguoi ding nhan vao nut, hé thdng s& yéu cau nguoi ding nhap
anh vao dé hé thong tién hanh nhan dién va dua ra két qua.

Start Realtime
Detection

Khi nguoi ding nhan vao nat, hé thdng s& yéu cau nguoi dung chip
nhan dé hé théng st dung camera va tién hanh hién thi két qua thu

duoc da xu ly cho nguoi dung

Stop Realtime
Detection

T4t Realtime Detection

Facial Emotioﬁ.Recogni’gign

Detect from Image ~ Start Real-time Detection  Stop Real-time Detection

Hinh 4.2 Nhdn dién bang dnh

- Hinh 4nh thtr nghiém tng dung véi chttc ndng nhin dién cam xtc tir anh.
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Facial Emotion Recognition
Detect from Image = Start Real-time Detection = Stop Real—tir;e 6etection

: zz
g i

Hinh 4.3 Nhdn dién realtime

- Hinh anh thr nghiém tng dung véi chirc ndng nhin dién cam xtc real time
thong qua camera thiét bi.
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Chwong 5 : KET LUAN VA HUONG PHAT TRIEN

5.1. Két Luan

Két qua dat dwoc:
- Huén luyén va hi¢u chinh m6 hinh CNN @ thu dugc m6 hinh phan loai cam
xuc tir hinh anh voi:
o Do chinh xac chung la 69,31%
o Do chinh xac cao nhit dbi véi cam xuc vui véi 87.71%, tiép theo 1a
ngac nhién vao1 82,89 %, trung lap véi 69.48%, tirc gian vai 64.09%, budn
v6i 59.55%, ghé tom voi 52.73% va d6 chinh xac thip nhat ddi v6i cam
xuc so hai 1a 44.73%.
o Thoi gian thuc thi 1000 mau trung binh 1a 2.78 giay
- Tich hop mé hinh dé xay dung API backend v&i Flask
- Xay dung dugc ung dung web vai giao dién than thién, dé su dung, gitp nguoi
dung c6 thé thir nghiém mot cach nhanh chong va hiéu qua.
Han ché:
-B6 dit liéu van con kha it, nhiéu han ché nén moé hinh van chua that su téng
quat tot.
- Kha nang nhan dién cam xtc khuén mat chua hoan hao.
- Su phu thudc vao do phan giai hinh anh.
- Kha ning tong quat hoa chua cao
- M@ hinh yéu cau tinh toan cao.

5.2. Hwong phat trién

- Cai thién d6 chinh xac:
« MO hinh lai ghép (Hybrid Models): Két hop cac phuong phap khac nhau

dé ting do chinh xac.

- Pa cam xtc va cam xtc phuiec tap:
o Phét trién cdc mod hinh c¢6 kha nang nhan dién céc cam xuc da chiéu va

phtrc tap hon, khong chi dung lai & cadc cam xtlc co ban.

- Ung dung thuc tién:
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o Chim séc strc khée: Giam sat cam xuc ctia bénh nhan, ho trg tam 1y.
« Gido duc: Phan tich phan tng cam xuc cua hoc sinh dé cai thién phuong
phap giang day.
o Tuong tic ngudi-may: Nang cao trai nghiém nguoi dung trong cac hé
théng AL

- Cai thién Vé dit ligu:
« Thu thap dit liéu phong pht hon: Bao gdm cac biéu hién cam xtc trong
nhiéu ngit canh va vin hoa khac nhau.
o Dt li€u thoi gian thuc: Str dung cac hé théng thu thap dir li¢u truc tiép tur

cac tinh hudng thyc té.
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