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BO GIAO DUC VA PAO TAO
TRUONG PAI HQC PA LAT
THONG TIN KET QUA NGHIEN CUU CUA PE TAI
1. Thong tin chung:

e Tén dé tai: “Xay dung hé théng diém danh sinh vién dua trén nhan dién khuén

mét’ b

e Sinh vién thuc hién:

STT Ho va tén MSSV Lop Khoa | Nam thw
1 Nguyén Danh 1812736 CTK42-PM | CNTT 4
2 Nguyén Bio Long 1812795 CTK42-PM | CNTT 4
3 Nguyén Trong Hiéu 1812756 CTK42-PM | CNTT 4
4 Lé Hoang Nhat 1812814 CTK42-PM | CNTT 4
5 Tran Hitu Khai Quan 1813857 CTK42-PM | CNTT 4

e Giang vién huéng dan: TS. Nguyén Thi Luong
2. Muc tiéu deé tai
2.1.  Vély thuyét

Tim hiéu dugc lich sir hinh thanh va phat trién cung véi cac kién thirc co ban
cua Hoc may va Hoc sau, tim hiéu co s& toan hoc bén dudi ctia cac md hinh. Tim hiéu
cac thu vién hoc may noi tiéng hién nay, cach st dung thu vién dé huan luyén mo hinh
va trién khai xay dung Gmg dung nhén dién trén nén tang Web. Nim rd kién thirc vé

kién trac CNN, tim hiéu cidc mé hinh hoc may ndi tiéng nhitng nim gan day.

2.2.  Vé thuc nghiém

Dé tai huéng dén viéc xay dung mo hinh huén luyén va trién khai mé hinh trén
nén tang Web , cho phép nhan dién khudn mit tir cac anh thu vién, tir anh chup va

nhan di¢n thoi gian thuc (realtime), du doan tén cua sinh vién voi toc do nhan di¢n va

d6 chinh xac cao va dua ra thong tin cia sinh vién do.



3. Giéi thiéu dé tai

Hién nay thi giac may tinh (computer vision) dugc 4p dung rong rai vao trong doi
séng cua con ngudi. Mot trong nhitng tng dung phd bién nhat cua thi gidc may tinh d6
chinh 14 nhan dién guong mat. Mac di hién nay da cé rat nhiéu ang dung va thiét bi
nhan dién gwong mat xuat hién trén thi treong, chdng van con bi han ché trong pham
vi st dung ciing nhu kha ning xt Iy va d6 hiéu qua chwa dap tng duoc véi s6 tién dau
tu. Trong bai d6 an nay sé& ta c6 gang nghién ctru va thiét ké xay dung ra mot hé thong
nhan dién guong mat cd thé linh hoat dap mg dwoc véi moi nhu cau cua ngudi st
dung va &p dung vao duoc trong nhiéu nghanh nghé linh vyc, nén tang str dung khéc

nhau.
4. Két qua nghién ctru

Xay dung thanh cong md hinh — Dé tai da tién hanh xdy dyng, huan luyén thanh
cong mo hinh May hoc, so sanh cac m6 hinh da huén luyén va chon ra mé hinh t6i wu

nhét.

Trién khai (mg dung Web — Sau khi huan luyén va két xuat mo hinh, st dung mé hinh
d3 két xuat dé xay dung thanh tng dung chay trén nén tang Web. Xay dung giao dién
va cac chirc nang cho tng dung. Nhom chung toi da thir nghiém tng dung diém danh
sinh vién va nhan vé dugc két qua tot, v6i thoi gian nhan di¢n thép va do chinh xac

Cao.

5. Pong gop vé mit kinh té - xa hdi, gido duc va dio tao, an ninh, quéc phong

va kha niing ap dung ciia dé tai:

5.1. Hiéu qua xa hgi:

Hé thong nhan dién gwong mit cung cip cho giang vién mot cach thirc don gian
va nhanh chong trong viéc diém danh sinh vién c¢6 mat trong 16p hoc. Diéu nay gop
phan cai thién méi trudng hoc tap, giang day cta sinh vién va giang vién.

5.2. Hiéu qua an ninh:

C6 thé sir dung két qua nghién ciru cua dé tai, thay doi tap dir liéu dau vao 1a

khuon mat va thong tin ciia nguoi dan. Khi ap dung nhan dién thoi gian thuc ctua dé



tai, ta co6 thé tién hanh nhan di¢n doi tugng ngudi, thuc hién cac quan ly vé an ninh cia

doanh nghiép va to chic.
5.3. Kha ning 4p dung ciia dé tai:

Két qua nghién ctru cta dé tai c6 thé ap dung rong rii trong moi mat cua doi
song hay tng dung trong cac nganh khac. Vi du nhu trong cong nghé sinh hoc, c6 thé
stt dung cong nghé nhan dang loai hoa thoi gian thuc dé tu dong theo ddi tinh trang

suc khoe cua cay hoa, du doan thoi gian thu hoach, du doéan cac loai sau bénh,...
6. Cong bd khoa hoc ciia sinh vién tir két qua nghién ctru ciia dé tai
Ngay thang nam

Sinh vién chiu trach nhiém chinh

thue hién deé tai

(ky, ho va tén)



Nhan xét ciia ngwoi hwéng din vé nhitng dong gép khoa hoc ciia sinh vién

thwe hién dé tai (phan nay do nguoi huéng dan ghi):

bé tai da xay dung dugc mot mo hinh hoc may cho bai toan nhan dién khuon
mit va mo hinh nay dugc ap dung trong viéc xdy dung ng dung nhan dién trén nén

tang Web giup Giang vién d& dang sir dung dé diém danh sinh vién.
Xac nhin cuaa trueong dai hoc Ngay thang nam
(ky tén va déng dau) Ngudi huéng din

(ky, ho va tén)
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BO GIAO DUC VA PAO TAO

TRUONG PAI HQC PA LAT

THONG TIN VE SINH VIEN

CHIU TRACH NHIEM CHINH THUC HIEN PE TAI

l. SO LUQC VE SINH VIEN
Ho va tén: Nguyén Bao Long
Sinh ngay: 14 thang 12 nam 2000
Noi sinh: Da Lat
Lép: CTK42-PM Khéa: 42
Khoa: Cong nghé Thong tin
Dia chi lién hé: Lop CTK42-PM
Khoa Cong nghé Thong tin, Truong Pai hoc Pa Lat

Dién thoai: 0914551380 Email: 1812795@dlu.edu.vn

Il.  QUA TRINH HQC TAP

e Nam thwr 1:

Nganh hoc: Khoa: Cong nghé Thong tin
Két qua xép loai hoc tap: PTBTL: 2.7/4.0

e Nam thuwr 2:

Nganh hoc: Khoa: Cong ngh¢ Thong tin
Két qua xép loai hoc tap: PTBTL: 2.7/4.0

o Nam thir 3:

Nganh hoc: Khoa: Cong nghé Thong tin
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Két qua xép loai hoc tap: DPTBTL: 2.95/4.0

So luge thanh tich: Hoc bong KKHT hoc ky I

o Nam thw 4 — Hoc ky I:

Nganh hoc: K§ thuat phdn mém Khoa: Cong nghé Thdng tin

Két qua xép loai hoc tip: DTBTL: 3.03/4.0

Ngay thang nim
Xac nhin cita trrdmg dai hoc Sinh vién chiu trach nhi¢ém chinh
(ky tén va dong dau) thuce hién deé tai

(ky, ho va tén)
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TOM TAT

Trong dé tai nghién ctru ndy. Nhém chung t6i thyc hién nghién ciru viée xac
dinh thong tin cua sinh vién dua trén anh chup mot cach tu dong hoa béng cong
nghé phin mém va khoa hoc may tinh. Nghién ctru ap dung cong nghé Hoc mdy
(Machine learning) va Hoc sdu (Deep learning) vao viéc huan luyén mé hinh dé
nhin dién guong mit ngudi. Thuc nghiém mo hinh, tién hanh dénh gid mé hinh
thong qua cac thong sd ddc trung va trién khai thanh tmg dung trén nén tang Web.
Viéc huan luyén va thuc nghiém mo6 hinh may hoc s€ st dung thu vién PyTorch,
dugc phat trién boi Vién Nghién ciru Al ciia Facebook (Facebook’s Al Research
Lab).

Tu khoa: face recognition, identify student by faces, neural network,
computer vision, nhan dién guong mat, nhan dién sinh vién, tu dong hoa, thi giac

may tinh.
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MG PAU
1. Téng quan tinh hinh nghién cru caa dé tai

Deep Neural Network

Pretraini
Multi-layered m : . o

Perceptron
g (Backpropagation)
Perceptron
Golden Age Il Dark Age ("Al Winter”)
Electronic Brain
1943 1957 1960 1089 1986 1986 2006

1950 1960 1970 1980 1990 2000 2010

(\ﬁn (\ﬂh

S, McCulloch = W, Pitts F. Rosenblatt &V\dmw Y Nol! M. Minsky - S. Papert D. Rumelhart = G. Hinton = Rv{ium V. Vaprk ~ C Cortes Hinton - S, Rus Ia

— Fowwr A ‘ % ‘ ‘

« Adustable Weights * Learnable Weights and Threshoid * XOR Problem
« Waghts are not Leamed

protiems  + Limizations of foaming price krowiedge  * Hibrarcnical fainur Leaming
+ Kernat Uncticn: Human Imervectcn

Hinh 1: Nhizng cét méc quan trong cia Deep Learning

Hinh 1 thé hién nhiing ddu mdc quan trong ctua Deep Learning. Vao dau
nhiing nam 1940, voi sy xuét hién va phat trién manh mé& cta thiét bi ban dan, linh
ki€n dién tir va may tinh da dat nhiing nén mong dau tién cho su xuat hién cua tri
tué nhan tao (Al). Tuy nhién tri tué nhan tao thdi gian ndy van chua that sy c6 tmg
dung thyc tién hodc thanh tyu ndi bat nao. Khoang thoi gian tr nam 1960 dén 2000,
gidi chuyén gia va cédc nha nghién ctru da phai trdi qua hai mua dong Al (Al
Winter), do su bé tic va cic gian doan nghién ctru xay ra trong khoang thoi gian

by

nay.

Sy dot pha bat dau tir ndm 2006, khi ma Hinton [1] gidi thiéu y tudng vé tién
hudn luyén khéng giam sat (unsupervised pre-training) thong qua deep belief nets
(DBN). Piém ndi bat trong bai bao nay 1a di tao ra duoc mot noron nhan tao voi
nhiéu 16p an (hidden layer) thay vi chi mét 16p nhu trudc day. Tir thoi gian nay,

neural networks v&i nhiéu 10p an duoc goi véi cai tén 1a Deep Learning.

Su phat trién khong ngung cua linh vuc tri tué nhan tao, may hoc va hoc sau

cling chi dé nham vao muc dich duy nhat, dé 1a phuc vu cho nhu cau lgi ich va cudc
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sdng ctia con nguoi. Nhu giup thiét bi dién tir nhan dién tric sinh hoc (van tay, quét
vong mac, nhan dién khuén mat, ...), giip dy doan thoi tiét, chan doan céc loai
bénh hay dich cac ngén ngit khac nhau. Pé phuc vu nhitng coéng viéc phirc tap,
muodn hinh van trang cua con nguoi, tri tu¢ nhan tao chia ra lam cac linh vuc dé
chuyén bi¢t hoa nhu H¢ chuyén gia, Cay nglt nghia, Xt 1y ngdén ngit ty nhién,

Robotics, Quy hoach, Thi gidc may tinh,...

Tuy nhién, viéc nhan dién guong mat la mat van dé khong hé don gian.
Guong mit mdi ngudi déu co nhitng dic trung riéng biét, didu nay dat ra cac thach
thitc khong nho cho viéc huan luyén mé hinh nhan dién. Do d6, cong viéc nay phai
thuc hién boi phuong phap hoc sdu (deep learning), voi dir lidu dau vao 1a anh
guong mat, dugc dua vao mang CNN da duoc huén luyén lai bﬁng cac mo hinh
ResNet, DenseNet va cac bién thé, cudi cung 1 so sanh cac mo hinh v6i nhau va

chon ra mo6 hinh huan luyén c¢6 do chinh xac cao nhat.

2. Ly do chon dé tai

Hién nay viéc nhan dién guong mat da trd nén can thiét ddi véi nhiéu nganh
nghé, linh vuc khac nhau. Viéc xay dung mot hé théng guong mait ¢ thé dap ung
duoc moi nhu cau st dung van dang 13 moét van dé nan giai mit du da ton tai rat
nhiéu md hinh nhan dién guong mat. Pé co thé giai bai toan nay, ta can phai thiét
ké hé théng c6 kha nang linh hoat cao ciing nhu pham vi tng dung I6n dé nguoi

ding c6 thé truy cap va sir dung & moi ldc, moi noi.
3. Muc tiéu dé tai
3.1. Muc tiéu tong quat

Xay dung mét Gmg dung trén nén tang Web bang tiéng Viét, cho phép nhan
dién sinh vién tir cac anh thu vién, tor anh chyp va nhéan dién thoi gian thuc
(realtime), st dung thu vién PyTorch dé huin luyén, du doan tén cua sinh vién va

két xuat ra tap tin tong hop dé giang vién theo ddi.

3.2. Muc tiéu cu thé
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Muc tiéu cy thé ctia dé tai duoc trinh bay trong Bang 1, theo theo nguyén tic

SMART [6]:

Bang 1. Muc tiéu cu thé (nguyén tic SMART)

Tinh cu thé

Tim hiéu mot sb phwong phap Hoc may dién hinh, 4p dung thuat

toan trén tap dir liéu da thu thap, danh gia két qua cia hai thuat

(Specific) toan dé tir d6 chon lya duge mot mé hinh phu hop véi do chinh xéac
cao dé trién khai 1én website dé ngudi ding tuong tac.
Thu thap hinh anh va thong tin ctia sinh vién, véi mdi sinh vién thi
Tinh do . .
thu thap khoang tor 50 — 100 btic anh dé dua vao qua trinh huan
lwong

(Measurable)

luyén, sau d6 thyc hién tién xir Iy hinh anh dé két qua du doan cao

hon 85%.

Tinh kha thi
(Achievable)

Ung dung duoc xay dung va co thé trién khai tai khoa Cong nghé
thong tin truong Pai hoc Da Lat dé thu nghi¢m diém danh tu dong

cho céc sinh vién trong khoa.

Pham vi nghién cu ciia dé tai nay la phu hop vé6i trinh d cia

Tinh thye té ‘ _ . . ‘
- nguoi thye hién cling nhu 1a két qua ma dé tai mang lai 1a phu hop
(Realistic) . .
v6i tinh hinh thyc t€ hién nay.
Tinh thoi han | Dé tai sé hoan thanh theo dung tién d6 cta nghién ciru khoa hoc ma
(Timely) | truong Pai hoc Da Lat da cong bé.

4. Phwong phap nghién cuu

Pé tai nay st dung mot vai phuong phap nghién ctru nhung chu yéu la

phuong phéap phan tich va tong két kinh nghiém. Cu thé 1a tir nhitng cbng trinh

nghién ctru lién quan dén dé tai va sy hd trg tir thu vién May hoc PyTorch dé dé

xuat mQt cach tiép can madi trong gidi quyet van dé dat ra.

5. Poi twong nghién ciu

Déi twong nghién ciru ciia dé tai 1a phuong phap va tmg dung nhan dién sinh

vién tor guwong mat. Trudc mat, ching t61 s€ thuc hién nhan di¢n nhitng sinh vién

thudc khoa Cong nghé thong tin truong Pai hoc Pa Lat.
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6. Pham vi nghién cau

Dbi tuong khao sat trong dé tai nay chi giéi han trong cac sinh vién thudc
khoa Cong nghé thong tin truong Pai hoc Pa Lat. Vi khoang 100 sinh vién, véi
mdi sinh vién s& thu thap it nhat 50 hinh, ty 1& anh chup 1a 1:1. Thoi gian thuc hién
dé tai nam trong tién d6 nghién ctru khoa hoc cip truong. Noi dung nghién ctru vé
Iy thuyét s& tap trung gidi thiéu Hoc mdy va cac phuong phap Hoc may ¢ mirc tong
quan, sau d6 chon ra cac mé hinh phu hop trong thu vién PyTorch dé trién khai hé

thong nhan dién guong mat.
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CHUONG 1. GIOI THIEU TONG QUAN

1.1. Vén dé bai toan

Hién nay viéc nhan di€n guong mat da trd nén can thiét ddi véi nhiéu nganh
nghé, linh vic khac nhau. Viéc xdy dung mot hé thdng guong mat co thé dap tng
duoc moi nhu cau st dung van dang la mot van dé nan gidi mat du da tdn tai rat
nhiéu mé hinh nhin dién guong mit. Dé co thé giai bai toan ndy, ta can phai thiét
ké hé théng c6 kha nang linh hoat cao ciing nhu pham vi ing dung 16n dé nguoi

dung c6 thé truy cép va sir dung & moi lic, moi noi.

1.2.  Hwéng giai quyét

H¢ théng nhan dién guong mat dugc chia thanh hai giai doan chinh la phat hién
guong mit (Face Detection) va nhan dién gwong mit (Face Verifiaction). Mdi giai
doan hién nay déu ¢6 nhiéu thuét toan va cdc mé hinh khac nhau. Dé lua chon duoc
mo hinh phi hop ta s& so sanh dua trén 3 yéu to sau: toc do xir Iy, do chinh xac va
dd 16n cia mo hinh. Sau khi lya chon dugc mo hinh phu hgp va hi¢u qua nhét, ta s&
xay dung mdt h¢ théng nhan dién guong madt theo cdc mo hinh dugc chon. Qua

trinh x{r 1y cta hé thong c6 thé duoc mo ta theo nhu hinh & phia dudi:

Image Face detected Analysis of facial Identity matched to
recorded using image landmark points face stored in data-
by camera library base

3 - )

FACE
RECDGNITIDN

IDENTIFY
PERSON

DATABASE
OF PHOTOS

%—
Hinh 2: M6 ta cach thyc hién dur an
Thong qua hé thng nay, ta c6 thé tao ra chuwong trinh bat ky c6 sir dung chirc

ndng nhan dién guong mat. Trong bai bdo céo s€ tao mdt chuong trinh chay trén

nén tang web vi c6 do linh hoat va kha nang ti€p can cao hon so vdi cac nén tang
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khac. Chwong trinh sau d6 s& dugc trién khai trén nén tang Google Cloud dé c6 thé
truy cip vao & bat ky chd nao co két ndi vé6i internet. So d6 phia dudi mé ta hé

thdng kién trac ctia tng dung str dung hé thong nhan dién guong mat:

Nhap (x0d)
webcam

Bi&u chinh
A o a
théngsd xdr ly

Hién thiwebcam
(trrdreva sau khixd ly)

q

-

Xemthéngtin két
qua xr Iy

Xac dinh gwo'ng mat
gua webcam

Mhan dién gwong
mat gua webcam

Kl Iy théng tin vai guong
mat d3 dwo'c nhan dién

=

)

P Luru kEtqua xirly

¥
m
¥

Hinh 3: M0 hinh thuc hién chuong trinh

1.3. May hoc la gi?

Ngay nay, Hoc mdy (Machine Learning) dang 1a mot lan song méi, dugce ing
dung rong rdi vao doi séng cua con ngudi va moi mit cua xi hoi [7], nhu trong
nhén dién khudén mit, xe hoi tu 14i, dé xuat mua hang trén Lazada, Tiki, Amazon, va
hang loat cac ing dung Tri tué nhan tao tién tién khac. Machine learning tap trung
vao viéc tao ra cac hé théng, cd may c6 kha nidng ty minh hoc héi ma khong can
phai duoc 1ap trinh mot cach cu thé. Pay 1a viéc tao ra cac cd may c6 kha ning tu
hoc hoi dua trén cac kinh nghiém ma chung thu thap duogc trong sudt qua trinh hoat

dong, dieu nay mo phong gan giong voi hoat dong tri tué€ ctia con nguoi.

Vé dinh nghia khai niém, may hoc 1a mot linh vuc thude Khoa hoc may tinh,
déng thoi 1a mdt linh vuc con cua Tri tué nhan tao (Al). Mbi quan h¢ gitra 7ri tué

nhdn tao, Hoc may va Hoc sau dugc thé hién trong Hinh 4:

19



ARTIFICIAL
INTELLIGENCE

MACHINE
LEARNING

DEEP
LEARNING

WA 2K
MMM

L’

1950's 1960’s 1970's 1980's 1990’s 2000's 2010's

Hinh 4: Méi quan hé ciia cdc linh viec Al, ML va DL
Arthur Samuel da dinh nghia vao nam 1959, “ML 1a m{t linh vuc nghién ctru
cung cap cho may vi tinh kha ning hoc ma khong can phai 1ap trinh rd rang” [8].
Mot dinh nghia thé hién ro6 rang hon vao nam 1997: “Mot chuong trinh may tinh
duoc cho 1a hoc hdi tir kinh nghiém E c6 lién quan v6i mét vai nhiém vy T va hiéu
suat do ludng P, néu hiéu suat cta n6 trén T duoc do bang P cai thién sau khi trai

qua kinh nghi¢m E” [9].

Vi du: AlphaGo 1a mgt chuong trinh may tinh do Google DeepMind phat
trién da hoc duoc cach choi co vAy va danh bai co tha ndi tiéng Lee Se-dol [10].
Theo dinh nghia ctia Tom Mitchell, ta c6:
e E: Kinh nghiém c6 duoc khi choi véi cac ddi thu va ty ting cudng.
e T: Nhi¢m vy la choi co vay.
e P: Kha ning ma AlphaGo s& thang trong tran dau tiép theo.
Nhin chung, dé xac dinh dugc mot van dé hoc tap 1o rang can phai nhan biét
dugc ba dac trung sau: cac nhiém vy, hi¢u suét can duge cai thién va nguén géc

kinh nghiém.
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1.4.  Phan nhanh may hoc
May hoc (Machine learning) 1a mét thuat ngir voi khai niém rdng, trong do,
n6 chia ra cac nhanh nho, mdi nhanh nhu vay la mot linh vyce khac nhau. Viéce huén
luyén mé hinh dé dap ung yéu ciu dua 1a rat phirc tap. Mdi cong viéc khac nhau s&
c6 timg cach giai quyét trong tng. Pé thoéa man nhimg thach thirc nay, ML sinh ra
nhiéu phuong phap hoc may khac nhau. Hinh 5 13 so dd cu tric cia ML va cic

phéan nhanh cua no:

e Hoc c6 giam sat (Supervised learning): Mot tap dit liéu chinh xac bao gom
cac cdp (data, label), dua vao mdt thuat toan dé huin luyén, sau qua trinh
huén luyén,néu dua mot dau vao méi chua co trong tap dir liéu, thuat toan sé
du doan dau ra chinh xac nhat c6 thé. Qua trinh nay goi 1 hoc tir vi du hay
hoc ¢c6 giam sét.

e Hoc khong giam sat (Unsupervised learning): Khic v4i phuong phép trén,
dir liéu trong tap dir liéu khong c6 dau ra, thay vi thudt toan gin nhin thi
thuat toan s& phai phdn cum (cluster) chiing. Céch tiép can theo thong ké cia

phuong phap nay 1a woc tinh mat do (density estimation).

Machine
Learning
1. Supervised 2 Unsupervised 3. Semi-Supervised 4.Reinforcement 5. Deep
Learning Learning Learning Learning Learning
: : = mamic
Regression Clustering Self Training Pmrgtammjng CNN
Low Density
S Dimensionality i Monte Carlo
Classification St S;ﬁﬁ:ﬂ Methods RNN
Graph Based Heunstic
Alsorithms Methods

Hinh 5. Cau tric phan nhanh cia Machine Learning
e Hoc ban giam sat (Semi-supervised learning): Hoc ban giam sat 13 sy két
hop giita hai phuwong phap ké trén, chinh vi vy ma trong tap dir liéu chia

thanh hai phan: mot phan nho dir liéu da dugc gan nhan va phan con lai dir
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liéu chua dugc gan nhin. Pa sd cac bai toan thudc vé loai nay vi chi phi dé
ga"ln nhan dir liéu la kha 16n so véi dir li€u c6 duogc tir Internet.

e Hoc ting cuwong (Reinforcement learning): Phuong phép nay cling 1a su
két hop giira hoc c6 giam sat va hoc khong giam sat. Tuy nhién, diém khac
biét so v&i1 ban giam sat 1a thuat toan chi can duge biét nhiém vu nay c6 lam
sai hay khong ma khong can biét cach dé lam ding nhiém vu. Thuét toan s&
tham hiém va thtr cac kha ning c6 thé (giéng nhu thuit toan vét can) cho dén

khi n6 duoc biét 1a n6 dang 1am dung.

e Hoc sau (Deep Learning): La mot linh vuc con ciia ML. Vé ban chat, DL
cd ging bt chudc cach thirc hoat dong cua bd ndo con ngudi. Moi ngudi,
nhat 1a gi6i khac chuyén mén, thuong hay nham 14n vé hai thuat ngit nay.
Trong khi machine learning 1a viéc day cho may tinh biét cach giai quyét
mot nhiém vu nao d6 ma khong can 1ap trinh chi tiét, ML 1a mét phuong
phap hoc nong, chi giai quyét dugc cac vin dé hay bai toan don gian. Thi DL
lai gitip chung ta giai quyét dugc cac van dé phuc tap trong thé gidi that,
nhitng bai vin d&é ma d6i khi con ngudi ciing c6 thé bi bdi rdi. Hoc sau sir
dung mang noron nhan tao (Artificial Neural Networks), dé giai quyét nhimg
bai toan voi dit liéu triru tuwgng, dir liéu khong 1o rang, dir liéu mo,...

1.4.1. Hoc cé giam sat

1.4.1.1. Hoiquy

a. Hoi quy tuyén tinh

Hoi quy la mot hinh thirc hoc trong Hoc may véi muc dich 1a tao ra mot mo
hinh dy doan dau ra 14 céac gia tri lién tyc, ch'fmg han gié ca, $b luong, khoi lugng

hodc cac gia tri vo hudng khac.

Hbi quy cho thay dugc mdi quan hé gitta cac bién trong dit liéu (ddc trung)
ma ching ta can quan sat va bién ma chung ta can du doan (nhan). Trong md hinh
nay,mot tap dir liéu can phai duoc gén nhan. Tap dir liéu sau d6 dugc chia thanh hai

phan:
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e Tiap dir liéu huin luyén (training dataset): Dir lidu sir dung trong mé hinh
nham x4c dinh mot ham sd biéu thi mdi quan h¢ gitra cac bién dic trung va

cac nhan.

e Tip dir liéu thim dinh (validation dataset)/ kiém tra (test dataset): Dit
lidu dung dé danh gia ham s6 di tim duoc trong mo hinh sau khi sir dung tap
dir liéu hudn luyén & budc trude d6 bang cach so sanh gia tri du doan va gia

tri thuc té.

Vi du: Nguoi ta thu thap cac sé lidu ctia hon 20.000 cin nha & thanh phd
Portland, tiéu bang Oregon, My dugc cac théng tin nhu sau: dién tich ngdi nha
(x1,m?), dién tich dét (x,,m?), sb phong ngu (xs), sd tang (x4), sb nha vé sinh/nha
tam (xs), tudi can nNha (Xg) va cudi cing 1 gid ban (y, triéu déng). Luu ¥ 1a cac sb
lidu da duoc chuyén ddi feet’ sang m% Po-la My sang VND. Liéu rang chung ta co

thé doan biét gia cia mot can nha néu dua vao céc so li¢u con lai dugc hay khong?
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Bang 2. Diz liéu vé théng sé va gia nha

Dién tich ] S6 nha vé ) Gia ban
Dién tich | So phong . ) . | Tuoi can
can nha , So tang | sinh/nha . (triéu
dat(m2) ngu , nha .
(m2) tam dong)
110 525 3 1 1 5 5103
239 673 3 2 3 5 12374
72 929 2 1 1 5 4140
183 465 4 1 3 5 13892
157 751 3 1 2 5 11730
30000
4
25000 / '
é 20000 /
£ 15000 | x
- X
£ x X /
10000 5
G ,/x{
5000 o ¥ %
0
0 100 200 300 400 500 600

Dién tich cin nha (m?)

Hinh 6. Biéu do phan tan hai quy tuyeén tinh

Tap dir liéu thu thap duoc ky hiéu la {(x(i),y(i)), Vi =1,2,...,m} Trong do,

x(i) 1a vécto twong ung véi dit liéu dau vao cua cin nha tha i,x € R™ (x 1a bién phu

thudc), y(i) 1a gia ban cta cin nha the i (y 13 bién doc 1ap), m 1 sd lugng cin nha

thu thap duoc. Voi mdi dc trung j cia x(i) ta ky hi¢u la x{”, Vj = 1,2, ..., n. Gia tri
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y la mot s6 thuc R, x® = {xfi), xgi), ) x,(lm)}. Noi cach khac, muc dich cia mo hinh

nay 1a tim ra mot ham sd f nao d6 sao cho y = f(x).

Trong Hinh 6, vi mdi dau x do trén biéu d6 twong tmg v6i mot cip gia tri
(xf), y®) cua 20 cin nha dau tién va mot duong thing di ngang qua véi cac diém
gia tri bao quanh nd. Pudng thang chinh 13 mdi quan hé tuyén tinh cua xl(i) vay®,
chinh 14 d6 thi cia ham s6 y® = f (xii)), mod hinh nay goi 14 hdi quy tuyén tinh.
Tuy nhién, khong phai lac ndo ma dudng tuyén tinh ciing c6 thé vira khép véi tit ca
dr li¢u duoc, nhitng diém nam ngoai duong thfmg s& tao ra mot sai sO hodc phuong
sai. Mot thuat toan trong Hoi quy s& tim ham sb sao cho dudng tuyén tinh co
phuong sai nho nhét c6 thé. Lic ndy, goi gia tri du doan 1a 9, gia tri thuc té y =

fG) =3

Hbi quy don tuyén tinh duoc biéu dién dudi dang: f(x;) = 0, + Oyx;. Vi
nhiéu hon mot dic trung, thi mdi quan hé giira cac bién dic trung va gia nha Ia
F(x) = 0y + 0,x; + 0,x, + O3x5 + 0,x, + Osxs + Osxs. Py dugc goi 1a hdi quy
da tuyén tinh. Trong do, 6;,Vj =12,..,6 1a cac hang sb, 6, la thién kién (bias).

Muyc ti€u cua hoi quy tuyen tinh s€ tim ra cac h¢ s6 6; toi uu.

Hinh (/) Hinh (Z1)

Hinh 7. Hyperplane ¢ dé th; hai chiéu (hinh 1) va ba chiéu (hinh 11)

D6 thi ham s6 & Hinh 7 trong khong gian hai chiéu (hai truc toa do) la mét
duong thing (line). Néu trong khong gian ba chiéu, ham sé dugc goi 14 tuyén tinh
néu dd thi ctia ham sb 1a mot mat phang (plane). Con trong khong gian nhiéu hon 3

chiéu, d6 thi ham s 1a mot siéu phang (hyperplane).
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b. Hdi quy phi tuyén tinh

Trong hdi quy phi tuyén tinh, ham s f(x) khong thé duoc xem nhu 13 tuyén
tinh néu nhu cic tham sb khong phai 14 tuyén tinh [11]. DS thi ctia ham s phi tuyén

tinh 12 mot dudng cong. Ham s6 phi tuyén tinh duoc ky hiéu nhu sau: § = f(x, 0).
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Vi du: Mot ham sd phi tuyén tinh 13 § = 6, + 0, exp(63x).

100

|§=]

Hinh 8. Po thj ham sé phi tuyén tinh (Non Linear Function)
Trong Hinh 8, cac diém gia tri c6 xu hudéng tao thainh mot duong cong, néu
sit dung hdi quy tuyén tinh (duwong thing mau xanh) thi ham sé tim dugc s& ¢o
phuong sai 16n. Dé tim dwoc ham s phi tuyén tinh nay, st dung thuat toan binh

phuong t6i thiéu Levenberg—Marquardt.
c. Hoi quy da thirc

Nhu d3 dé cap & phan trén, da hdi quy 1a mot dang caa hoi quy, trong d6 co
nhiéu hon mot bién doc 1ap. Pa hoi quy bao gom mot ky thuat goi 1a hdi quy da
thirc. Trong hdi quy da thirc, bién phu thudc héi quy vao luy thira ciia cac bién doc

lap [12].

Vi du: Vao nam 1981, n = 78 con ca Thdi Duwong xanh (Bluegrill) dugc iy
mau ngiu nhién & Lake Mary, tiéu bang Minnesota, My. Nha nghién ctru di do

luong va ghi lai cac dir 1iéu sau [13]:

e Chiéu dai (y) cta con c4, don vi mili-mét.
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e DO tudi (x) cua con ca do, don vi nam.

Két qua thu thap dugc duogc thé hién qua biéu dd sau (Hinh 9):

200
[ ]
180 .
/}__II
160 1
.-r-_'- L
S 140
=120
&
E 100
L
80
L
60 !
40
0 1 2 3 4 5 6 7

Tudl (ndm)

Hinh 9. Biéu do héi quy da thirc (thé hién twong quan ciia c& qua tirmg dé tuo)
Mic du chiéu dai ctia con c4 ting 1én qua timg d6 tudi, nhung lai khéng hoan
toan theo tuyén tinh (Hinh 9). Pé mo hinh hoa dit liéu ndy, nguoi ta xay dung mot

mo hinh da thtc bac 2, hay con goi 12 ham s6 bac 2 nhu sau:

9O = 0, + 6,xD 6, (x®)?

Trong do:
o $® 1a chiéu dai cta con ca Thai dwong xanh th i (mm)
o x® 1a tudi cua con ca Thai duong xanh thir i (ndm)

Bén canh da thirc bac 2, hoi quy da thtrc con c6 cac dang khac tur bac 3 dén

n. Cong thirc tong quat:

P =0+ 6,x +60,x%++0x,Vi=12,..,n

Pé tim cac tham sb ta sir dung phuong phap binh phuong téi thiéu.
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1.4.1.2. Phan loai hoc c6 giam sat
1. Phan loai Nhij phan va Da l6p

Phéan loai 1a mot hinh thirc hoc trong Hoc may véi muc dich 1a tao ra mot mé
hinh du doén dau ra 1a cac gia tri ro1 rac: thé loai (category) hodc 16p (class), chéng
han dya vao thong tin xét nghiém mau, chiu cao, cin ning, huyét ap,... ma du doan

c¢6 mac bénh tiéu duong hay khong.

Vi du: M6t tram y té sir dung thong tin duong huyét trong mau cua cac bénh

nhan, thu dugc bang so6 li¢u sau:

Bang 3. Diz liéu vé chi sé duong huyét cia cac bénh nhan

Chi s6 duwong huyét Bi tiéu dwong
82 0
92 0
112 1
102 0
107 1
109 1
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Hinh 10. Biéu do thé hién chi so dwong huyét bénh tiéu dwrong

Trong vi du nay, két qua tiéu duong dugc chia thanh hai truong hop (hoic
hai 16p) 1a khong bj tiéu twong (non-diabetic) va bi tiéu duong (diabetic). Pay duoc
goi 14 phan loai nhi phan. Két qua phan loai dua vao xéac suat dé co gia tri 0 (khong
thé) va 1 (chic chin). Tong xac sudt cho mdi 16p 1a 1 (hodc bi tiéu dudng hoic
khong bi tiéu duong). Diéu d6 c6 nghia 13 néu mot bénh nhan c6 xac suat du doan
bi tiéu dudng 13 0,4 thi x4c suat twong tmg cho khong bi tiéu dudng 13 0,6. C6 mot
gia tri ngudng, thuong 1a 0,5 nham xac dinh két qua 16p dy doan. Néu xac suat dy
doan 16n hon hoic bang ngudng, thi 16p du doan duoc goi 1a positive class (trong
truong hop nay 1a bi tiéu dudng) va nguoc lai, negative class (khong bi tiéu duong).

Nguoi ta goi ngudng d6 1a ranh gidi quyét dinh.
e Néu f(x) > 5, du doan y = 1 (bi tiéu dudng)
e Néu f(x) <35, du doan y= 0 (khong bj tiéu dudng)
Hoi quy luan Iy (Logistic regression): 0 < f(x) < 1

M6 hinh hdi quy luan Iy: f(x) = g(6%x)

1
1+e~%

Trong d6: g(z) = duogc goi 1a ham sigmoid hay ham luan 1y.
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Do thi cia ham sigmoid c6 dang mdt duong cong bi chan trén va chan dudi,

dugc minh hoa trong Hinh 11:

e
-]

0.6

=
I

y (bi tiéu duong)

<
2

J

0 &% ' 3 ' 3 c

80 85 90 95 100 105 110 115 120

x (Puong huyét)

Hinh 11. Biéu d6 phan logi cac ca bénh tiéu duong

f(x) = P(y = 1]x; 0) 1a x4c suit dé y = 1 véi x dd c6 va tham sb 0.

Gia sirnéu: f(x) = P(x;0) = 0,4 thiP(x;0) =1—-0,4 = 0,6

Ngoai ra con c6 md hinh phan loai da 16p v&i s6 16p phan loai nhiéu hon 2.
Ching han, dé lam rd hon mutc d6 bi tiéu dudng, ngudi ta chia thanh cac trudng
hop: khong bi tiéu duong, tiéu dudng loai 1 va tiéu duong loai 2. Téng x4c suat cia
mdi 16p van 13 1, c6 nghia 1a tinh trang ctia bénh nhan chi roi vao mot trong ba
truong hop da ké trén.

C6 mot sb thuat toan dé tbi wu trong mé hinh nady: Gradient descent, BFGS,
L-BFGS, va Conjugategradient.

Quay lai vi du trén, khi so sdnh cdc nhan dy doan dya trén ham luan 1y cia

m6 hinh () va cac nhan thyc té (y) trén mot vai dit lidu x, ta dugc:
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Bdng 4. Bang doi chiéu y va y “ciia md hinh lugn ly

X y y
83 0 0
119 1 1
104 1 0
105 0 1
86 0 0
109 1 1

Ta chuyén doi bang trén thanh ma tran 16i tuong g, duogc:

A
y
0 1
0| 2 1
y
11 1 2

Hinh 12. Ma trgn 1oi

Ma tran tong quat cho hai nhan du doan (0 va 1):
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Gia trj du doan

0 1
True False
«w 0 [ Negative Positive
0 (TN) (FP)
2
*E False True
o 1 Negative Positive
(FN) (TP)

Hinh 13. Ma trén I6i bai toan phan logi nh; phan

Tt ma tran nay c6 thé tinh dugc céc gia tri sau:

TP+TN
TP+TN+FP+FN

Accuracy (A) = la ty 1¢ du doan ding cho ca 2 truong hop

y=1 y=0.

Precision (P) = la ty 1& gilta s6 lan dy doan $ = 1 diing (true

TP+FP

positives) so v4i tong sé du doan § = 1 (true positives + false positives).

Recall (R) = la ty 1& giita s6 lan du doan y =1 diing (true

TP+FN

positives) so vai tong sé y = 1 thyc té (true positives + false negatives).

Co6 nhiéu cach dénh gid nén gay kho khan trong viéc so sanh md hinh, dé

thong nhat, trong dé tai nay s& sir dung mot dai lugng trung binh két hop P va R.

Trung binh Pythagore bao gom b ba sd: trung binh cong, trung binh nhan va trung

binh diéu hoa. Trung binh cdng can céc gia tri co cing don vi, trung binh nhan phu

hop v&i cac gia tri 6 nhiéu don vi, trong khi d6 thi trung binh diéu hoa dung cho

cac gia tri 1a ty 18 [14]. Vi vay, F; score, hay con goi 14 trung binh diéu hoa ctia P va

R duoc 4p dung dé danh gida mé hinh va duoc duogc tinh bang cong thirc sau:

F _ P.R
1score = P TR
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2. Ung dung ciia phén loai

e Robot Willow Garage PR2 c6 thé hoat dong nhu mot ngudi phuc vy, nhan

biét mot sO loai nudc udng va dua chung dén véi nguoi ra 1énh [15].

e Ty dong phan loai hoa trén mot sb lugng 16n cac 16p dua trén cac dac trung
hinh dang/két cau cuc b, hinh dang vién, su phan bd khong gian tong thé

ctia canh hoa va mau sic [16].
1.4.2. Hoc khdng gidm sat
1.4.2.1. Phancum

Phin cum (tiéng anh 13 Clustering) 1a mot hinh thirc hoc trong Hoc may
khong giam sat, trong d6 cac quan sat duge nhom thanh cac cum dua trén cac diém
tuong dong trong dir lidu hodc cac dic trung. S¢ di goi 1a khong giam sat boi vi no
khong str dung cac nhin da biét trudc d6 dé huan luyén mé hinh, thay vao dé 1a cac
nhan la cac cum duogc gan cho cac cum, hoan toan dua trén cac dac trung cta dir
liéu.

Vi du: Trong Hinh 14, gia sir dir liéu dau vao 1a mot hinh anh cé chira céac
loai trai cay va thuat toan can phai phan loai ching ma khong can dua trén céc

nhan.
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Algorithm

Raw Data

OQutput
Hinh 14.Vi du vé phan cum (hoc khdng giam séat)

Cac thuat toan trong hoc c6 giam sat tot néu téi thiéu hoa duoc ham chi phi
gitta gia tri y va . Pay la cong viéc kha thi vi dir liéu d duoc gan nhin tir trudc,
tuy nhién diéu d6 khong dang trong hoc khong giam sat boi vi khong thé sir dung
bat ky diéu kién bén ngoai dé nhan biét 13i.

C6 nhiéu thuét toan co thé phan cum dir liéu, thong dung nhét 1a st dung

thuat toan phan cum K-Means.

Mot trong nhimg linh vuc tng dung ctia phan cum 1a trong nghién ctru tiép
thi. Girish Punj va cong sy dua ra mot sé phuong phap phan tich phan cum va danh
gia dya trén thyc nghiém [17]. Gan day hon 14 phan tich cum chit luvong ctia nganh
dich vu van chuyén nham ca nhan hod chién luoc tiép thi trong giao théng cong
cong véi dir liu khao sat duogc thuc hi¢n ¢ Tay Ban Nha [18].

1.4.2.2. Giam chiéu dir ligu

Trong qua trinh huin luyén, néu dit lidu cang c6 nhiéu chiéu thi qué trinh
tinh toan dién ra s& l1au hon, chi phi tinh toan s& cao hon [19]. D¢ 1a 1y do tai sao
giam chiéu dit liéu lai can thiét. C6 nhiéu cach dé giam chiéu dir liéu chang han nhu
Iwra chon cac dic trung that su can thiét, lién quan dén dit liéu dau ra. Phuong phap

thtr hai 13 str dung dan xuét dic trung, nghia 1a chuyén ddi cac dic trung cii thanh
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dic trung méi thong qua mot phuong phéap bién doi tap dir liéu. Phuong phap thir ba
13 phan cum cac diém dit liéu twong dong thanh ting nhom.

Goi dir liéu dau vao 1a x € ™ véi n 1a sé chiéu cua dir liéu, thuat toan giam
chidu dit liéu 1a f(x), thong qua f(x) tao ra mdt tap dit lidu méi 1a X' € ™ vei
n <n.

Vi du: Cho mdt tép dit liéu chira cac thong tin nhu giéi tinh, chiéu cao (cm),
can ning (kg) cua 500 nguoi (dir liéu sinh ngiu nhién). Ngudi ta can tir cac thong

tin nay dé c6 thé suy ra tinh trang béo phi hay suy dinh dudng mot cach khoa hoc.

Duéi day 1a mot vai dit ligu mau tir tap dir liéu nay.

Bang 5. Dir liéu vé thong tin chiéu cao va can nang

Gi6i tinh Chiéu cao (cm) Cin ning (kg)
Nam 189 87
Nit 185 110
Nit 195 104
Nit 172 67
Nam 178 52

Tt thong tin vé can nang khong du co so dé nhan dinh ngudi do co bi béo
phi hay khong. Chinh vi vdy ma chi s6 BMI cua Adolphe Quetelet [20] da ra doi.

Cong thuc dugc tinh nhu sau:
BMI = % v6i W 13 trong luong (kg) va h 1a chiéu cao (m)

Tur cong thure trén khi tinh ra chi s6 BMLI, ta c6 thé phan loai mtc do béo phi

dwa vao cac moc gia tri (theo T6 chirc Y té thé gidi):
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e 1: Gay, dudi 18,5

e 2: Binh thuong, tir 18,5 dén 24,9
e 3: Tién béo phi, tir 25 dén 29,9

e 4:Béo phi do I, tir 30 dén 34,9

e 5:Béo phi do II, tir 35 dén 39,9
e 6: Béo phi do III, trén 40

Béng 6 phan loai muc d§ béo phi cia dir li¢u dugc cho trude trong Bang 5

dira vao cong thirc tinh BMI va cac mdc dé phan loai:

Bang 6. Dir liéu thong tin suc khoe va phan logi mize do béo phi

Gi6i tinh Chiéu cao (cm) | Can ning (kg) | Chisé BMI | Phan Loai
Nam 189 87 24.36 2
Nit 185 110 32.14 4
Nit 195 104 27.35 3
Nit 172 67 22.65 2
Nam 178 52 16.41 1

Bay gio, ta co thé giam di ba dic trung chiéu cao, can nang va chi s6 BMI va
dé lai dac trung gidi tinh va phan loai. Nhu vay, ta da giam di duoc s6 chiéu cua dir

lisu, tir x € 3 thanh x’ €2,

Trong Giam chiéu dit liéu cé nhiéu thuat toan, trong dé cd cac thuat toan

nam trong nhom cé gidm sat, chﬁng han thuat toan Phdn tich phan biét tuyén tinh
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(LDA) va khong giam sat, chang han Phdn tich thanh phdn chinh (PCA). Vi vay,

trong muc ndy s& dé cap dén thuat toan PCA.

Mot so ung dung cua Giam chiéu dir liéu nhu:

e Ella Bingham cung cong su sit dung phép chiéu ngiu nhién dé giam kich
thude dit liéu trong xir 1y hinh anh nhidu, khéng nhiu va truy xuét thong tin
trong tai liéu van ban [21]. Ella Bingham con chi ra duoc két qua cua

phuong phap chiéu va PCA ton kém it chi phi tinh toan hon.

e S.A. Bleha cung cong su st dung giam chiéu dir liéu va trich xuat dic trung
dé tng dyng trong nhan dién nguoi dung mdy vi tinh. Ngudi ding gé mot
mat khau va hé thong nhan dién hop 1¢, khong nhiing xac dinh tir ma con xac

dinh thoi gian gitta moi 1an nhan phim [22].

e Irina Perfilieva st dung phép bién doi mo (fuzzy transforms) dé giam chiéu
dir li€u va ap dung vao viéc udc tinh su bién dong thi truong [23].
1.4.3. Hoc ban giam sat
Hoc ban gidm sat c6 mdt ntra dir li¢u 1a c6 giam sat va nua kia khong giam
sat, doi khi chi c6 mot phﬁn nho dir liéu duoc gén nhan. Tuy theo thiét lap ma hoc
ban giam sat dya trén sy mo rong cia hoc c¢d giam sat va hoc khong giam sat. Vi
vay ma hoc ban giam sat dugc chia thanh cac phuong phép khac nhau:phan loai ban
giam séat va phan cum rang budc. Ngoai ra, ban giam sat con c6 thé ung dung vao

hoi quy va giam chiéu dir lidu,...
Trong toan hoc, tri thirc vé P (x) hoc duoc tir dit ligu khong c6 nhan phai
chira cac thong tin hitu ich trong suy luan caa P(y|x). Diéu d6 co nghia 1a néu

P(ynx) _ P(y).P(y)
P(x)  P(x)

khong c6 thong tin tir suy luan P(x) = , hoc ban giam

sat s€ khong thé cai tién hon so voi hoc c6 gidm sat, mat khac, néu thong tin tir suy

luan 1a sai, thi d0 chinh xac qua tap dir li€u khong c6 nhan s€ giam xudng.
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Mot s6 phuong phap trong hoc ban giam sat pho bién: Generative models,

Low-density separation, Graph-based methods,...
1.4.3.1. Phan loai hoc ban giam sat
Phéan loai ban gidm sat la sy m& rong cua phan loai c6 giam sat. Tap dir licu
dau vao ctia mé hinh 1a x® = {x(l),x(z), ...,x(m)} dugc chia lam hai phan:
{(x(l), y(l)), (x@,y@), ..., (xD, y®)} twong Gng véi cac cap dit lidu da dugc
gan nhan va {x(l+1), x(HZ), ,x(””)} tuong Gng voi cac dir liéu chua dugc ga‘in
nhan, m = | + U va thudng 1a u ? |. Muc dich cua phan loai ban giam sat 1a huan
luyén mot mo hinh £ tir dir liéu da duwoc gin nhan va chua duoc gin nhan sao cho
hiéu sut tot hon phan loai ¢ giam sat trén tap dir liéu chi gan nhan.
1.4.3.2. Phan cum rang bugc
Phan cum rang budc l1a sy md rong cua phan cum khong giam sat. D liéu
huén luyén bao gdbm cac dit liéu chua gan nhan {x (1), X (2), ey X (n)} va mot vai
“thong tin giam sat” lién quan dén cac cum. Vi du, thong tin cac rang budc phai lién
két cia x™ va x™ nén nim chung mot cum; théng tin cac rang budc khong
thé lien két ciia x(™ va x™ khong nén nam chung moét cum; thong tin rang
budc kich thudc cua cdc cum. Tuy nhién, trén thuc té, cac rang budc trén co thé vi
pham nhung khong bi cAm hoan toan. Ciing nhu phan loai ban giam sat, myc dich

cua phan cym rang budc 1a huan luyén mdt mo hinh cé thé phan cum t6t hon néu

chi mdi phan cum trén dit liéu chua dugc gan nhan.

Mot sd thuét toan phan cum rang budc co thé ap dung: COP K-means,
PCKmeans(Pairwise  Constrained K-means), CMWK-Means (Constrained
Minkowski WeightedK-Means), HMRFs (Hidden Markov Random Fields).

1.4.3.3.  Ung dung cia hoc ban giam sat

. Nhan dién va phan loai luu lwgng mang thong qua phuong phap phan loai

ban giam st ngoai tuyén va tryc tuyén cua Jeffrey Erman va cac cong su
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1a cong trinh dau tién tng dung cac k¥ thudt hoc ban gidm sat vao giai

quyét cac van dé phan loai luu lvong mang [24].

. Mot sy két hop giita phan loai ban gidm sat va CNN dé nhan dién dién
ndo dd. Viéc ly dir liéu gan nhan tir dién ndo dd rat kho khin nén Minjie
Liu cung cong su st dung thuat todn luong tir hoa ban gidm sat dya trén

K-Means, st dung mé hinh huén luyén truée 1a CNN [25].
1.4.4. Hoc tang cwong

Trong cac phuong phap hoc thi phuong phap hoc gidm sat su dung thuat
todn chay trén tap dir liéu chinh xac, trong khi d6 thi hoc khong giam sat, thuat toan
chi ¢6 thé tim sy tuong déng trong dit licu dé phan loai. C6 mot van dé, néu dit liéu
bi sai thi thuat toan khong biét cai thién nhu thé ndo. Thuat toan hoc tang cuong s¢€

thtr mot vai chién lugc khac nhau va chon ra chién lugc nao tot nhat.

Vi du: Qua trinh huan luyén robot nhu sau: Robot, goi la agent, c6 mot vai
cam bién ghi nhin cac trang thdi cia méi trudng va mot vai hanh dong c6 thé thuc

hién dé thay doi trang thai nay.

Chflng han, robot ¢6 cam bién camera va cam bién siéu 4m va hanh dong la
“tién vé phia trudc” va “xoay”. Nhiém vu cua robot 1a hoc mot chién luoc diéu
khién, goi la policy, chon cac hanh dong phu hop dé dat dugc muc tiéu. Chéng han,
robot c6 mot muc ti€u la tu sac dién khi pin gén can kiét. Vay agent lam sao dé hoc

dugc policy thong qua cac thtr nghiém trong moi truong?

Gia sir myc ti€u cua agent dugc dinh nghia bdi mdt ham phﬁn thuong dugc
gan bang mot con s6, d6 1a phan thudng cho agent v6i mdi hanh dong ma agent
thuc hién trong ting state. Vi du phan thuéng ngay lap tirc cho robot sac dién thanh
cong 1a 100 va -10 néu lam cac viéc dang 1& phai tranh. Phan thudng nay duogc tao
bdi moi trudng xung quanh. Phan thudng cho robot biét muc tiéu 1a gi, khéng phai
cach dé dat duoc muc tiéu do, giéng véi hoc cd giam séat. Robot sé& thuc hién mot
chudi cac hanh dong, quan sat két qua (c6 duoc thuang hay khong) va hoc duoc

policy. Trong policy = = S — A, tir bat ky trang thai khoi dau nao, agent chon mot
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hanh dong dé dat duoc phan thudng tich luy 16n nhat, trong d6 S 1a tap trang thai, A
la tap hanh dong.

Agent

Trang thai s Phén thuong »  \Hanh dong a

Moi truong

Hinh 15. Chu trinh hoc cua hoc tang cuong
Muc tiéu 14 chon céc hanh dong dé dat gia trj 16n nhat:

0
R=ryg+yrn +y*r++y*r+- = Z (Y*r) voi(0<y <1)
k=0

Céac nhiém vu dua ra lién tuc va khong co diém dung, nén duy dodn ph?m
thuong ¢ twong lai vo han 1a diéu khong thé. Giai phap cho van dé nay duogc goi la
chiét khau. Khong c6 su chic chin vé nhirng gi xay ra trong tuong lai, vi viy ma
phan thuong du doan trong twong lai can phai duoc chiét khau tiy theo kha nang du
doan bi sai. Vi vy ma phan thuéng mong doi dén cang sém thi chic chin s& du
doan chinh xac hon cac phan thudng xuat hién rat lau, bai vi co rat nhiéu th co thé
bi thay doi. Tham s6 ¥ dugc thém vao dé phan thudng thi i chiét khau theo ham mil
y'. Néu y = 0,% = 0 thi ching ta nén bo qua hau hét cac du doan tuong lai, chi
xem xét c4c phan thuong hién tai. Nguoc lai, néuy — 1,7% = 1, khong c6 su khau

trir, do d6 nén tap trung vao dy doan tuong lai hon 13 phan thuéng hién tai.

Mot sb thuat toan hoc ting cudng 1a Q-learning, Deep Q-Network (DQN),
SARSA, Monte Carlo,...

Mot s6 vmg dung ciia hoc ting cuong:
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e Chuong trinh AlphaGo ciia Google danh bai bac thay co vay Lee Se-dol voi
ty s 3-0. Pay 1a tran ddu duoc xem nhu khoanh khic quan trong cua tri tué

nhan tao [10].

e Ngoai ra, hoc ting cuong con tmg dung rat nhiéu trong linh vuc xtr Iy ngdn
ngir ty nhién, hé théng chan doan, may dich, sinh van ban, thi gidc may tinh
[26].

1.5. Céc phwong phap tiép can van dé trong hoc may
1.5.1. Tiép can theo phwong phap Hoc may truyén théng (ML)

Phuong phap tiép can va giai quyét vin dé bang phuong phap Hoc may

truyén thong (Machine Learning) dugc minh hoa bang so db duéi day:

/ ____________________ =~
Thu thap | |
b6 d liéu & d( 3 5
P Guis Nap bodt L | pocdaliey o] Shuanhoa |
| liéu bdé di liéu |
|
\ o _____ ¥___,
Tap huan luyén y Tapdanhgia | Tapthd nghiém
Thuét toan Huan luyén Danh gia &
May hoc mo hinh Piéu chinh

K&t xuat md hinh
dé s dung

Hinh 16. So do hoat déng ciia phirong phdp hoc may truyén thong
O cach tiép can truyén thong theo phuong phap Hoc may, dé giai quyét cac
van dé s& 4p dung mot trong cac thuat toan thudc nhom co giam sat, khong giam
sat, ban giam sat hodc hoc ting cuong da néu & muc trude tuy theo loai dir liéu.
Budc quan trong trong cach tiép can nay ngoai viéc thu thap ) lugng dir liéu cuc

16m thi con phai trich chon cdac dac trung (features extraction) phu hop cua hinh
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anh, sau do 1a xay dung mot thuat toan tdi wu dé tao duge mo hinh tét. Ngoai ra con
¢ budc tién xir ly nam sau giai doan thu thap dir liéu anh nham loai bo céc chi tiét
nhidu, hay tdng sé lwong dnh (data augmentation). Tap cac k¥ thuat lién quan dén

dac trung duoc goi 1a Feature engineering.

Chang han trong Gng dung vao phan loai hinh anh loai hoa, dé phan loai
duogc, thuit toan can phai biét duoc cac dic trung twong Gng voi hinh anh. Dé phan
loai tot trén nhiéu loai, cac dic trung can phai duogc chuyén ddi theo chuan théng
nhat tir ban dau, bao gém don vi do, sai s6 do va can bang ty 1& (scale out). Can
bang ty 1& tap dir liu tirc bao gdom cac thao tic tiéu chuin hoéa (normalization,

standardization) va chinh quy hdéa (regularization) [27].

Ham Normalization dong vai tro can bang ty 1& cta dic trung j cua dir liéu

dau vao thu i:

)
MO %" = (%) MO
! (xj) - (x]-) !
)
hoac X0 = le _ (x]) x®

a () — (%) /

Dbi v6i cong thirc bién d6i thir hai, pham vi dit liéu trong doan [-1, 1] ¢6 ky

€ [0,1]

€ [—1,1]

vong khéng (zero-mean) theo phan phdi chuan tic. Con cong thirc bén dudi can

bang ty 1& cua dic trung theo ky vong khong va phwong sai don vi (unit-variance):

Yk
Standardization: X; T =
o
Chinh quy héa gitip giai quyét két qua du doan bi overfitting. Bang cach
thém vao ham thit thoat (loss function), cac tham s6 0 trong thuat toan co thé hoi tu

vé gia tri nhé hon, lam giam dang ké bi overfitting.

m n
1 . .
Regularization: J(0) = o [z (he (x(l)) — y(l))z + Az 91-2‘
i=1 j=1
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Deep Learning Has Revolutionized Machine Learning

Accuracy # of Searches for Deep Learning from 2011 to 2017

100

- o
Data 2011-02 2012-02 2013-02 2014-02 2015-02 2016-02 2017-02

Source: Google Trends. Search term “Deep Learning”

Note: graph is representational only and does not depict actual data Mitps:/irends. google. com/trends/explore 7date=today 5-y8q=deep leaming

Hinh 17. Biéu d6 sénh hiéu sudt giiza Hoc may va Hoc sau

T4n dung duoc stitc manh ctia phan cing may vi tinh va tién bd cua ki thuat
mang Hoc sdu ma cac cong viéc trong tién xir 1y dir liéu duoc tu dong hoa va dat
tinh 6n dinh va chinh xéac cao. Tuy nhién, trén thyuc t&, mot kién trac mang Hoc sau
don gian khong thé ap dung cho nhiéu nhiém vu khac nhau va viéc tao ra dugc mot
kién tric mang day du 1a rat kho. Nguyén nhan khé khan chinh 1a vi mang Hoc sau
can rat nhiéu tham s dé toi wu hoa va dat hiéu suét cao cung vai tap dir licu phai rat
16n. Pay ciing chinh 14 nhimng bé tic cia Hoc siu trong nhiing nam cudi thé ky 20.
Chinh vi vy, cac nha khoa hoc cua khip cac noi trén thé gioi da va dang nghién
clru, cai tién duoc kién tric cta cac mang Hoc sau, goi 1a mo hinh huan luyén truéc
dé giai quyét duoc nhidu van dé kho hon, c6 do chinh xac cao hon, di dua thé gi6i

thoat khoi hai muia dong Al kéo dai gan 40 nam dé dén voi ky nguyén cia Hoc sau.

Trong Hoc sau, trich chon dic trung 1a mot phan khong thé thiéu trong qua
trinh huan luyén. M6 hinh khong chi hoc cach du doan ma con hoc cach trich chon
dac trung tur dir li¢u tho. Vi dy trong nhéan dién hinh anh, 16p dAu tién thuong 1a phat
hién canh, mdt trong nhirng ky thuat cua Feature engineering trong nhan dién hinh
anh [29].
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Pé tai nay s& di theo hudng tiép can thir hai trong viéc giai quyét van dé dat
ra ban dau, d6 1a st dung phuong phap Hoc sdu di duoc tich hop sin trong hau hét

cac thu vién Hoc may pho bién hién nay.

1.6. Gidi thiéu mang noron nhan tao
1.6.1. M6 hinh toan hgec mang noron
Trong hoc may, noron dugc dinh nghia 1a mdt ham toan hoc nhan vao mat

hay nhi€u gid tri dau vao dugc nhan vdi cac trong so. Gia tri nay sau do dugc

chuyén dén mot ham s6, duoc goi 1a ham kich hoat, dé tr¢ thanh dau ra cua noron.

input weights

I ien

activation activation function

—@ = F(Z) &= ouiput
|~ 7

Hinh 18. M6 hinh toan hoc mang Noron

4

Q QOO

Noron dugc dinh nghia nhu cong thire sau:

y=f Z xiWi+b

Trong do:
e X;la gia tri dai dién cho dir li€u dau vao cua noron

e W; la trong so, dai dién cho tam quan trong cta dir li¢u dau vao
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e b la mQt tham s6 b6 sung cho noron, dung dé di€u chinh gia tri dau ra

cua noron
e ¥ x;w;duoc goi la gia tri kich hoat

Ham £ 1a ham kich hoat, hay con goi 1a ham chuyén d6i. Cé nhiéu loai ham

kich hoat khac nhau.

1.6.2. Mang noron nhan tao

noro

Model toan hoc

Y Xy W2
i -

=
AVY ¥
D

soma
dendrite

Hinh 19. Noron nhdn tao mé phong noron sinh hoc
Mang noron nhan tao (Artificial Neural Networks) mo phong theo noron
sinh hoc cta con ngudi, 12 mot mang ludi gém nhiéu noron duoc td chirc thanh cac
16p két ndi v&i nhau, véi nhiéu nhanh dau vao va mot nhanh dau ra. Mang dem lai
nhiéu Gmg dung trong cac linh vuc khac nhau trong thuc té, chang han trong xir 1y

va nhan dién hinh anh.
1.6.3. Mang noron mét l6p

Trong phan trudce, ta biét duoc Noron chi cung cp 1 gia tri dau ra duy nhat
nhung trong cac bai toan thuc té, ching ta can nhiéu hon mét gia tri dau ra. Vi duy,
trong bai toan nhan dang chix s6 viét tay, ching ta can 10 két qua dau ra — tuong
{rng Vvoi ti 16 phan traim du doan cua cac chit s6 tir 0 dén 9. Trong trudong hop nay, ta

can dung dén mang noron (Hinh 20).
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Hinh 20. Mang noron don gian (1 16p dn)
Chung ta s& du doan duogc chir sé bang cach 14y két qua dau ra cao nhat giira
cac noron. Néu y, cd gia tri cao nhat nghia 1a mé hinh doan chit s6 dau vao 1a s6 7.
Str dung mang noron khién két qua dau ra 1a nhiéu gia tri khac nhau va thay vi mot
gia tri duy nhat nhu khi sir dung mot noron don thuan. Bang cach nay, chung ta co
thé c6 nhiéu hon mot két qua dau ra, nghia 1a mang noron c6 thé giai quyét duoc

nhiéu bai toan thuc té hon.
1.6.4. Mang noron nhiéu Iép an

Mang noron ban dau chi c6 mét 16p an duy nhat, ddy 14 mang noron don
gian (simple neural network). Nhung khi noron c6 nhiéu 16p 4n trd 18n, s& duoc goi

la mang noron sau (deep neural network).

Tai sao chiing ta phai chia cac noron thanh nhiéu 16p? Nhu chiing ta da biét,
mdt noron chi ¢ thé cung cip mot két qua dau ra duy nhat, nghia 14 mot noron chi

c6 thé xtr Iy mot lwong thong tin han ché. Nhung khi ta chia noron thanh céc 16p két
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noi voi nhau, két qua dau ra cua chung sé dugc thé hién dudi dang vector, gom
nhi€u gia tri thay vi chi mgt gia tri don thuan. Bang cach nay, ta c6 thé xir Iy nhiéu

dir liéu hon.
Mot mang noron gém nhitng thanh phan sau:
e Input layer: di liéu dau vao, x
e Hidden layer: cac 16p 4n
e Output layer: dit liéu dau ra, y

e (Cac noron (w, b, va ham kich hoat)

input hidden layer 1 hidden layer 2

Hinh 21. Mang noron sdu (nhiéu 16p dn)

Hinh 21 m6 ta mot mang noron 3 16p c6 day du két ndi (nghia 1a cic noron &
16p lién trudc két ndi véi toan bd noron ¢ 16p lién sau). Lép dau vao cé k noron dau
vao, 16p an dau tién c6 n noron an, 16p an thir hai c6 m noron an. Lép dau ra, trong
vi du ndy, c6 2 gia tri 13 y,va y.. Mdi két ndi c6 gia tri trong sb w riéng biét. Mang
noron nay la mot mé hinh tuan tu c6 hudng, nghia la dir lidu chi c6 thé chay tir 16p
dau vao dén 16p dau ra, dit liéu chi ¢ thé duoc truyén dén mdi noron mét 1an duy

nhAt.
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Ngoai ra, con c6 nhiéu dang mang noron khéac, nhu hinh duéi ddy mé ta mot
mang noron ¢6 2 16p dau vao, 2 16p dau ra, va cac 16p 4n duge két ndi ngdu nhién

vO1 nhau.
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Hinh 22. Mang noron véi 16p dn két noi ngdau nhién
Hay dic biét hon, mang noron con ¢ thé c6 cac vong lip, cho phép dit liu

chay qua mot noron nhiéu hon mét 1an (mang noron hoéi quy).

1.7. M@t sé thu vién hoc may hién nay

1.7.1. TensorFlow

TF 1a mot nén tang Hoc may mi ngudn mo, dugc thiét ké boi doi ngi
Google Brain va to chirc nghién ctru tri tué mdy ctiia Google nham trién khai céc
mg dung ctia Hoc may va Hoc sau theo cach don gian. N6 1a két hop gitta Dai sd
tinh toan cua cac k¥ thuat toi uvu hoa dé dé dang tinh toan cac biéu thirc toan hoc.
TF ¢6 moét hé sinh thai toan dién, linh hoat bao gém cac cong cy, thu vién va tai
nguyén cong doéng cho phép cic nha nghién ctru xiy dung va trién khai cac tng

dung Hoc mdy. Pay ciing 12 mot trong nhimng thu vién may hoc 1au doi nhét.

Trang chu cia TF tai dia chi sau: https://www.tensorflow.org/. Trang ma

ngudn Github ciia TF nam tai: https://github.com/tensorflow/tensorflow.
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TF c¢6 tai liéu day dii va bao gdm nhiéu thu vién Hoc may nén rat phd bién
hién nay. Vi 1a mot san phim cta Google, nén hién tai, TF dang duoc tmg dung rat
nhiéu trong cic san pham cta Google nhu phan loai chit viét tay, nhan dién hinh

anh, xur 1y ngdn nglt tu nhién,...
1.7.2. Scikit-learn

Sklearn 1a mét thu vién Hoc may ma nguén m¢ hitu ich va manh mé trong
Python.Du 4n ctia David Cournapeau bat ddu vao nim 2007 voi tu cach 1a mot dy
an cua Google Summer of Code. Hién tai, Sklearn dang dugc duy tri béi mot doi
ngli cac tinh nguyén vién. Sklearn cung cép mot su lya chon cac cong cu hiéu qua
cho Hoc mdy va mé hinh théng ké, bao gdm phén loai, h6i quy, phan cum va giam
chiéu dir liéu v6i giao dién nhat quan trong Python. Thu vién nay phan 16n duoc

viét bang Python, dugc xdy dung dya trén NumPy, SciPy va Matplotlib.

Trang chu cua Sklearn tai dia chi sau: https://scikit-learn.org/. Trang Github

chtra ma ngudn Sklearn nam tai: https://github.com/scikit-learn/scikit-learn.

Mot s6 san pham thuong mai si dung Sklearn nhu Spotify, Evernote,

Booking.com, J.P.Morgan, Hugging Face, Télécom ParisTech, Aweber,...
1.7.3. Keras

Keras 1a mot thu vién Hoc sau ma ngudén mé danh cho Python. N6 dugc phat
trién bai mot nha nghién ctru tri tu€ nhan tao cua Google 1a Francois Chollet. Keras
c6 thé chay trén cac thu vién md ngudon mé nhu TensorFlow, Theano, R hay
CognitiveToolkit (CNTK). Muc tiéu thiét ké ciia Keras 1a cho phép thir nghiém cac
mang Hoc sdu nhanh chéng. Cac t6 chirc hang dau nhu Google, Square, Netflix,

Huawei va Uber hién dang su dung Keras.

Trang chu cia Keras tai dia chi sau: https://keras.io/. Trang Github chira ma

ngudn ctia Keras nam tai: https:/github.com/keras-team/keras.
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1.7.4. ONNX

ONNX (Open Neural Network Exchange) 1a mot hé sinh thai tri tu¢ nhan tao
mi ngudn md cla cac cong ty cong nghé va td chirc nghién ctru. ONNX gitp thiét
1ap cac tiéu chudn mé dé dai dién cho céc thuét toAn ML va cac phﬁn mém cong cu
nhim thuc day d6i méi va hop tac trong linh viee AL ONNX cung cip framework
bao gdm cac mo hinh dd thi tinh toan c6 thé mé rong, cac toan tir duoc tich hop sin

va cac kiéu dir liéu tiéu chuan, tap trung vao phan suy dién (danh gia).

Training framework Deployment target

N r\ — O PyTorch -
N N cPU
A Keras - Soom -@ 3 ' 3

N Q%y $ 5 GPU

VA

ONNX ONNX
@ @ T @ @~
O learn *@ ~@ NPU

Hinh 23. So dé hoat déng ciia ONNX
1.7.5. PyTorch

PyTorch dugc dinh nghia 1a mét thu vién Hoc mdy ma nguén mo cho
Python. N6 dugc sit dung cho cac tmg dung nhu xtr Iy ngdn ngir ty nhién. Ban dau
n6 duoc phat trién boi nhom nghién ctru tri tué nhan tao ctia Facebook va phan

mém Uber’s Pyro dé lap trinh x4c suat.

PyTorch dugc Hugh Perkins phat trién nhu mot trinh bao boc Python cho
LusJIT dya trén khudn khd Torch.

Trang web thong tin chinh thirc ciia thu vién PyTorch nam tai dia chi sau:
https://pytorch.org/. Trang Github chira ma ngudn cua thu vién PyTorch ndm dia
chi: https://github.com/pytorch/pytorch.
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CHUONG 2. PHAT HIEN GUONG MAT

Phét hién grong mit ludn 1a bude dau tién thiét yéu trong hé thdng nhan dién
guong mat. Hién nay c6 rat nhiéu phuong phap va mé hinh dé phat hién guong mat.
Trong bai bao cao s€ sir dung mé hinh Ultra-lightweight face detection. M6 hinh
nay duoc xay dung trén thu vién PyTorch cing véi ONNX va cé toc do xir Iy vuot
tr61 hon nhiéu so véi cac mo hinh phé bién hién nay.

2.1. MO0 hinh Ultra-light fast face detection
Pay 13 mot moé hinh duoc xdy dung bang Pytorch-SSD (Single Shot

Detector) theo kiéu kién trac nhan dién vat thé trong mot budc (One-stage

Detector).

\ i Object
i = Classification

P
— g d
P { Box
S— E Regression
I
Feature Extractor Detection Generator

Hinh 24. M6 hinh nhdn dién vt thé trong mét buéc

Viéc gop hai quy trinh xac dinh va nhan dién vat thé vao trong cing mot
budc gidp giam thiéu thoi gian xir ly cho md hinh. So sanh vai mé hinh phai thuc
hién 2 budc nhu R-CNN thi SSD ¢6 toc do nhanh hon ciing nhu d6 chinh xéac cao
hon.

Khi anh dau vao qua cac custom convolution layer (mau xanh duong) sé& bi
giam chiéu va ha mat di ¢ phan giai, lic dé ta chi c6 thé liy duogc thong tin cua
nhitng vat thé c6 kich thudc Ion. M6 hinh SSD giai quyét van dé nay bang cach sir
dung thém céac lop convolutional filter layer (mau xanh |4 cdy) vao tung
convolution layer & phi trudc. Tir d6 ta ¢6 thé trich xuat dugc dic diém va nhan biét
duoc cac vat thé co kich thuéc nhé hon.
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Hinh 25. So dé hoat dong cia md hinh Pytorch SSD
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Conv: 3x3x512-s2 Conv: 3x3x256-s2 Conv: 3x3x256-s1 Conv: 3x3x256-s1

Hinh 26. So dé chi tiét ciia md hinh Pytorch SSD

Pé ting kha ning nhan dién cia md hinh, ta ¢ thé thém vao mot module
RFB (Receptive Fields Block) trude khi di qua cac 16p tich chap trich xuat dac
trung.

[ L i classes

) P i
' Leonv. | : boundary boxes

image -—b- VGG19

Hinh 27. Su can thiép cua module RFB vao Pytorch SSD

Module RFB duoc thiét ké dya trén truong cam thu (Receptive Fields — RFs)
c6 trong hé théng thi giac cua con ngudi. RFB sir dung tich chap dang ho co tac
dung lam ting tdm nhin bao quét cua I6p tich chap. Viéc nay giup cho viéc trich
XUat cac dic trung tir hinh anh tré nén hiéu qua hon so véi mé hinh ban dau ma
khong anh hudéng qua nhiéu dén tée do xu ly.
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Hinh 28. M6 phong gidi thich truong cam thu RFB

Mo hinh dugc huan luyén bang dir liéu WIDER FACE training set bao gom
16078 anh cung véi cac nhin guong mat dugc xac dinh san cung cip bai
RetinaFace. Do chinh xac dugc danh gia trén tép WIDER FACE val dataset cho 2
m6 hinh pretrain véi input dau vao la 320x240 va 640x480

Bang 7. So sanh gizra 2 phién ban vai bo dir liéu WiderFace

Model Easy Set | Medium Set | Hard Set
Version-RFB-320 0.787 0.698 0.438
Version-RFB-640 0.855 0.822 0.579

Véi input dau vao 640x480 c6 do phan giai cao hon nén s& cho ra két qua
phat hién guong mat tot hon so véi input 320x240. Ta s& st dung md hinh pretrain
V6i input 640x480 cho chuong trinh. Luu ¥ rang mé hinh nay da dugc chuyén doi
sang framework ONNX d¢ trién khai mé hinh dé dang hon.

2.2.  Viét chwong trinh phat hién gwong miit

Dé sir dung duoc md hinh, ta can phai thay dbi kich thuéc hinh anh sang 640x480
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import cv2

import numpy np

video_capture = cv2.VideoCapture()
H# ...

ret, frame = video_capture.read()

h, w, = frame.shape

img = cv2.cvtColor(frame, cv2.COLOR_BGR2RGB)
img = cv2.resize(img, (649, 480))

img _mean = np.array([127, 127, 127])

img = (img - img _mean) / 128

img = np.transpose(img, [2, ©, 1])

img = np.expand_dims(img, axis=0)

img = img.astype(np.float32)

Ho.. .

Hinh 29. Phan code hd tro xi# ly hinh dnh

Sau khi qué trinh tién xa Iy hinh anh hoan tat, ta can phai chuan bi md hinh
ONNX va tao mot ONNX session cho qua trinh du doan nay.
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import onnx

import onnxruntime ort

from onnx_tf.backend import prepare

from caffe2.python.onnx import backend

"'models/onnx/version-RFB-640.onnx"
= onnx.load(onnx_path)
backend.prepare(predictor, device="CPU")

ort _session = ort.InferenceSession(onnx_path)

input_name = ort_session.get inputs()[@].name

Hinh 30. Bar dau qué trinh si dung ONNX

confidences, boxes = ort_session.run( >, {input_name: image})

Hinh 31. Cau Iénh ding dé xdc dinh khudn mat

Bién confidences s& chira mot list cap do tin cday cho mdi khung du doan
trong bién boxes. Gia trj thix nhat va thir 2 trong cap do tin cay lan luot thé hién xac
suit chtra background va mit ngudi. Vi gid tri boxes chta tat ca khung du doan,
chung ta chi can lay khung nao c6 xac suat cao nhat ma cé chira mat nguoi va loai
bo di cac khung trung nhau du trén thuat toan Jaccard Index ( hay con duogc goi la
IOU - Intersection of Union). Sau khi di loc cac khung dwoc dir doan, ta c6 thé vé
chung lai vao anh
2.3.  So sanh véi cac mo hinh phat hién gwong mat khac

Tién hanh danh gia va so sanh tap dit liéu véi 4 model nhan dién khubn mat
khac nhau (VGG-face, FaceNet, DeepFace, OpenFace). Tap dit liéu bao gom 6 sinh
vién, mdi sinh vién chira 10 anh.
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[ ] #Positives
positives = []
for key, values in idendities.items():

#print(key)
for i in range(@, len(values})-1}):
for j in range(i+l, len(values)):

#print({values[i], " and ", walues[j])
positive = []
positive.append(values[i])}
positive.append(values[j])}
positives.append(positive)

positives = pd.DataFrame{positives, columns = ["file x", "file y"])
positives["decision"] = "Yes"

print(positives.shape)

Hinh 32. Loc cac cgp di liéu giong nhau

Ham nhan dién céc dit liéu gidng nhau, chay ham trén ta dugc cac cap di liéu giong
nhau vi du nhu:
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file x

Hinh 33. Két quda céc cap di liéu giong nhau

0 1812736_0_0.jpg
1 1812736_0_0.jpg
2 1812736_0_0.jpg
3 1812736_0_0.jpg
4 1812736_25_0.jpg
5 1812736_25_0.jpg
6 1812736_25_0.jpg
7 1812736_60_0.jpg
8 1812736_60_0.jpg
9 1812736_85 0.jpg
10 1812795 0_0.jpg
11 1812795 0_0.jpg
12 1812795 0_0.jpg
13 1812795_0_0.jpg

Tuong tu ta co:

file y decision

1812736_25_0.jpg
1812736_60_0.jpg
1812736_85_0.jpg
1812736_220_0.jpg
1812736_60_0.jpg
1812736_85_0.jpg
1812736_220_0.jpg
1812736_85_0.jpg
1812736_220_0.jpg
1812736_220_0.jpg
1812795_30_0.jpg
1812795_55_0.jpg
1812795_160_0.jpg

1812795_80_0.jpg
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#Negatives
samples_list = list(idendities.walues{})
negatives = []

for 1 in range(@, len(idendities) - 1):
for j in range(i+l, len(idendities)}):
#gprint(samples list[i], " vs ",samples_list[j])
cross_product = itertools.product(samples _list[i], samples list[j])
cross_product = list(cross_product)
#print(cross_product)

for cross_sample in cross_product:
#print(cross_sample[@], " wvs

» cross_sample[1])
negative = []

negative.append(cross_sample[@])
negative.append(cross_sample[1])
negatives.append(negative)

negatives = pd.DataFrame(negatives, columns = ["file x", "file y"])
negatives["decision™] = "N

negatives = negatives.sample(positives.shape[@])
print(negatives.shape)
print (negatives)

Hinh 34. Loc cac cap dir ligu khac nhau

Ham nhan dién cac dir liéu khac nhau, chay ham trén ta dwoc cac cap dir liéu khac
nhau vi du nhu:
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L

file x file_y decision

432 1812736_85 @.jpe 1812814 20 ©.jpe MNo
173 1812795 88 8.jpe 1813857_130_©.jpe Mo
244 1812814 128 B.jpg 1813857_285_©.jpe Mo
159 1812795 38 8.jpe 1813857_285_0.jpe Mo
226 1812814 & @.jpe 1813857_30 _©.jpe Mo
171 1812795 88 8.jpe 1813857_30 _©.jpe Mo
169 1812795_168 _@.jpg 1813857_285_©.jpe Mo
334 1813857_38 _@.jpe MNguyenTrongHieu @ 17.jpe Mo
287 1512814 88 @.jpg MNguyenTrongHieu @ 15.jpg Mo
135 1812795 80 @.jpg MguyenThiHa @ 4.ipg Mo
346 1813857 _285% @.ipg NguyenTrongHieu @ @.jpg Mo
265 1512814 128 &.ipg MguyenThiHa & 4.ipg Mo
123 1812736 220 @.ipg MNguyenTrongHieu & 11.jpg Mo
285 1812795 38 @.ipg MNguyenTrongHieu & 17.jpg Mo
166 1812795 168 B.ipg 1813857 30 0.jpg Mo
335 1813857 75 @.jpg MNguyenTrongHieu 8 19.jpg Mo
37 1812736 60 B.ipg 1812814 230 0.jpg Mo
a 1812736 25 B.jpg 1812795 160 0.jpe Mo
4 1812736 B B.jpg 1812795 20 0.jpe Mo
48 1812736_2208 B.jpg 15812814 120 B8.jpe Mo
344 1813857_138 @.jpg MNguyenTrongHieu @ 17.jpg Mo
13 1812736_68 8.jpe 1812795 160 _©.jpe MNo
28 1812736_228 B.jpg 1812795 @ _©.jpe Mo
11@ 1812736 &0 8.jpg MNguyenTrongHieu_@ 19.jpg Mo
36 1812736_68 _8.jpe 1812814 40 @.jpe Mo
272 1812814 225 @.jpg MguyenThiHa @ 8.jpe Mo
268 15812814 88 8.jpe MguyenThiHa @ 4.jpe Mo
374 MNguyenThiHa 8 16.jpg MNguyenTrongHieu @ 17.jpe Mo
a1 1812736_85_@.jpe MguyenThiHa_@ 208.jpe Mo
127 1812795 B @.jpg 1512314 30 0.]pg Mo

Hinh 35. Két qua cac cap di liu khéc nhau

Nhap cac két qua gidng nhau va khéc nhau lai dé danh gia

[ ] #Merge positive and negative ones
df = pd.concat([positives, negatives]).reset index(drop = True)
print({df.decision.value_counts(})

df.file_x = "dataset/"+df.file x
df.file y = "dataset/"+df.file_ y

Hinh 36. Gdp két qud cac cap dir liéu giong va khac nhau

Goi thu vién Deepface cac md hinh VGG-face, FaceNet, DeepFace, OpenFace vao

de tien hanh danh gia va so sanh
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#DeepFace

from deepface import DeepFace
from deepface.basemodels import VGGFace, OpenFace, Facenet, FbDeepFace

instances = df[["file_x", "file y"]].values.tolist()

models = ['VGG-Face', ‘Facenet’, 'OpenFace', 'DeepFace"]
metrics = ["cosine', ‘euclidean_12']

if True:
pretrained models = {}

pretrained _models["VGG-Face"] = VGGFace.loadModel()
print{"VGG-Face loaded")

pretrained models["Facenet™] = Facenet.loadModel()
print{"Facenet loaded")

pretrained _models["OpenFace™] = OpenFace.loadModel()
print({"OpenFace loaded")
pretrained models["DeepFace™]
print{"FbDeepFace loaded")

FbDeepFace.loadModel()

for model in models:
for metric in metrics:

resp_obj = DeepFace.verify(instances
» model name = model
» model = pretrained_models[model]

» distance_metric = metric
» enforce_detection = False)

distances = []

for 1 in range(®, len{instances)):
distance = round(resp_obj["pair_%s" % (i+1)]["distance™], 4)
distances.append(distance)

df[ '%s %= ¥ (model, metric)] = distances

df.to_csv("face-recognition-pivot.csv™, index = False)

[= T
=+
1}

pd.read_csv("face-recognition-pivot.csv™)
df_raw = df.copy()
Hinh 37. Sir dung thu vién DeepFace dé goi cac md hinh cho hudn luyén

Bit dau v& biéu d6 xuat két qua phan bé giita cac mo hinh st dung cosine va
eculidean_12
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fig = plt.figure(figsize=(15, 15))
figure idx = 1
for model in models:
for metric in metrics:
feature = '¥s_¥s' % (model, metric)

ax1 = fig.add_subplot(len(models) * len(metrics), len(metrics), figure_idx)

df [df.decision == "Yes"][feature].plot(kind="kde', title = feature, label = 'Yes', legend = True)
df[df.decision == "No"][feature].plot(kind="kde', title = feature, label = 'No", legend = True)

figure_idx = figure_idx + 1

plt.show()
Hinh 38. Vé do th; tur ket qua
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Hinh 39. Pé th; cua két qud
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Dua vao biéu dd két qua trén, ta ¢ thé thiy duogc mat ¢6 phan bé caa mé hinh
FaceNet vuot troi han so véi cac md hinh khac. Do d6, nhém quyét dinh st dung
model FaceNet cho viéc nhan dién khuén mat ctia chuong trinh.

CHUONG 3. NHAN DIEN GUONG MAT

Tuong ty nhu phat hién gwong mat, hién nay c6 rat nhiéu thuat toan va md
hinh cho viéc nhan dién guong mit. Dé c6 thé nhan dién tét gwong mit, ta can mo
hinh trich xuat hiéu qua duoc cac diém dic trung trén guong mit cho nhiéu nguoi
khac nhau. Pong thoi cling nén kém theo cac qua trinh tién xu 1y dé cai thién kha

nang nhan dién guong mat chinh xac caa mo hinh.

3.1.Cin chinh thiang hang gwong mit
Google cong bb nghién ctu rang viéc can chinh thang hang lai guong mat
gitip tang d6 chinh xac md hinh FaceNet cuia ho tir 98.87% 1én dén 99.63%. C6 thé
thdy viéc cin chinh guong mit gilp nang cao kha niang nhan dién guong mit cho

mo hinh.

Ta c6 thé can chinh lai guong mat thang hang dua trén cac diém facial
landmark. Viéc guong mit dugc cin chinh gidp cho dit liéu dau vao tré nén nhat

quan va gitp cho mo hinh dé dang nhan dién va phén biét gwong mit hiéu qua hon.

Hinh 40. Cén chinh guwong mdt theo méoc

Pé cin chinh thing hang, ta dung hai thu vién dlib cing voi imutils. Thu
vién dlib c6 kha nang nhan biét dén 62 facial landmark trén mot guong mat. Tuy
vay ta chi can nhan dién 5 diém trén guong mat bao gom 2 diém trén mét trai va

mét phai, 1 diém trudc mili 14 c6 thé can chinh thang hang guong mat.

63



Théng sb cua desiredLeftEye thuong s& nam trong khoang tir 0.2 dén 0.4.
Thong sé nay néu nho dan thi guong mat can chinh sé cho ra to hon.

Tiép theo ta sé& can chinh tirng vi tri grong miat da dwgc phat hién nam trong
bién boxes. Bé phu hop vai input cia model FaceNet, ta can dbi kich thudc cac
guong mat thanh 160x160. Sau d6 ta s& luu lai cac guwong mit duoc can chinh thang
hang nay vao trong 1 list mai.

3.2.M6 hinh FaceNet
3.2.1. Kién tric mé hinh

FaceNet 1a mot mang lugi than kinh hoc sau dugc dung dé trich suat céac
diém dic trung ciia guong mat ngudi ¢ trong anh. M6 hinh dugc cong bd vao nam
2015 bai cac nha nghién cau trong Google.

0.112
0.067
0.091
P 0.129

B = | 0.002

N g 4 0.012

- NP 0.175

0.023

Hinh 41. Tqo Vector ter girong mat

FaceNet hoat dong bang céach lay hinh anh tir guong mat nguoi lam input va
s& tra ra mot vector output c6 128 gid tri sé dai dién cho nhitng nét dic trung co trén
guong mat. Trong may hoc, vector nay dugc goi la vector nhung (embedding
vector). Ly do cac vector dugc goi nhur vay la vi tat ca cac thong tin quan trong trén
guong mit dugc “nhing” vao vector nay. Theo 1y thuyét, vector nhing cua cac
guong mat thugc cung mot nguoi s€ twong duong voi nhau.
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I convolution

I max pooling

I channel concatenation
channel-wise normalization

I fully-connected layer
softmax

Inceptloncell -E -E ‘E EE ,EE flnalﬁoutput
o g g i gl
P M
B0 0 pg M7 Heal
“““““““ .El" ] { auxiliary loss
auxiliary loss

Hinh 42. M6 hinh Inception resnet v1

FaceNet dugc xdy dung trén md hinh Inception Resnet V1. Inception co
diém dic trung 14 c6 thém 2 output phu. Hai output phu nay khong anh huong qué
nhiéu t&i chat lugng cua mang ludi trong khi huan luyén nhitng epoch dau. Ching
chi gidp viéc huan luyén mé hinh dién ra nhanh hon bang céch ti wu nhing layer
dau dya trén cac output phu (trong nhimg epoch dau). C6 thé hiéu mot cach khéc 1a
trong nhirng epoch dau, c4c layer cang vé cudi s& chua duoc téi wu ngay. Sau mot
thoi gian tdi vu cac layer dau réi méi toi wu cac layer tiép theo duya trén final output.
Viéc nay cai thién kha ning tinh toan va toc do huan luyén 1én nhiéu lan.

3.2.2. M0 hinh pretrain

Hién nay c6 2 md hinh pretrain cta FaceNet duoc train tr CASIA-WebFace
dataset va VGGFace2 dataset. Dataset CASIA-WebFace (2014) chira 494414 hinh
anh vai 10575 nhan dang (trung binh khoang 46.8 anh cho mét ca thé). Trong khi
do dataset cia VGGFace2 (2018) chua 3,31 triéu hinh anh va&i 9131 nhén dang
(trung binh khoang 362,6 anh cho mét ca thé) tir nhiéu chau lyc khac nhau. Po
chinh x&c tir 2 mo hinh pretrain dugc xac dinh trén LFW val set:

Bang 8. Pdnh gia do chinh xac gia hai mé hinh nhw dudi

LFW accuracy | Training dataset

0.9905 CASIA-WebFace

0.9965 VGGFace2

C6 thé tang két qua du doan cia mé hinh nhan dién guong mat bing cach st

dung thém ham loss function nhu Triplet Loss va Pairwive Loss trong khi huan
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luyén md hinh. Tur d6 gitip m6 hinh dua cac vector nhung cho guong mat hiéu qua
hon tir d6 tang kha nang nhan dién guong mat chinh xac cho mé hinh.

Ref. Ip negative I,/

M__ - IF(Ig) — F(Ip)II3
— ' Ref. I positive Ip
| P ,
tr-J E 3 g Minimized
2 Maximized

Ltriplet Lpairs

Hinh 43. Si dung ham loss dé tang do nhan dién

Ham Triplet Loss 1a mot ham loss function st dung mét bo 3 anh dé huan

luyén mo6 hinh. Ham dugc dinh nghia nhu sau:

2 |F(Iz) — F(y)ll>
Ltriplet = max (O;l -
vT

IF(Iz) — FUp)ll, + m

Véi F(I), F(Ip), va F(Iy) lan luot 1a cac vector nhing cua cac anh tham
chiéu (1), positive (Ip) va negative (Iy). Tir cac vector nhing c6 thé tinh duoc
khoang cach Euclidean gitra cap negative [|[F(Iz) — F(Iy)|l, va cap positive
|F(Iz) — F(Ip)lly. Gidtri Leyipier trong qua trinh huan luyén dugc toi uu sao cho ti
16 gitta hai khoang cach nay 16n nhat. Pong nghia véi viéc khoang cach giita cap
positive s¢€ giam di, trong khi khoang cach gitra cap negative sé duoc tang 1én.

Tuy nhién sau khi huan luyén bang ham Triplet Loss, mic du khoang cach
gitta cac cap dir liéu duoc nam trong mot khoang ti 1é gia tri nhat dinh, gié tri
khoang cach tuyét ddi giira ching lai khong hé dong nhat. Vi vay ta can dung thém
ham Pairwise Loss dé tdi thiéu toan bo khoang cach giita cac cap positive di duoc
chon trong ham Triplet Loss T.

Lpairs = ). IFUR) = FURIB
(IrIp)ET
Qua trinh huan luyeén s& ti thiéu khoang cach tuyét doi gitra cac cap vector
positive nay. Tir d6 giGi han lai duoc khoang cach tuyét ddi giita ching. Hinh phia
dudi mo ta su thay doi khoang céch giira cac cap dir liéu sau khi stir dung hai ham
loss function trong qué trinh huan luyén mé hinh.
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\\771. positive Ip \\’\\‘\% Minimized
; . Q& positive Ip

Maximized

Hinh 44. Thugt toan Triplet loss mé phong qué trinh nhén di¢n
3.2.3. Sir dung mé hinh d@é nhan dién
3.2.3.1. Trich suét dic trung dé nhan dién gwong mit

Pé chuong trinh ¢ thé nhan dién duoc guong mit hiéu qua nhat, ta can c6
méot cum vector nhiing cia guong mit & nhiéu vi tri goc d6 khac nhau bang cach
quay lai video. Pé ting kha ning nhan dién gwong mat chinh xac cia mé hinh, ta c6
thé can chinh thang hang lai cac anh nhu chuwong 3.1.

Sau khi tién xir Iy xong guong mit, tiép theo ta s& mé md hinh bang pretrain
Facenet bang TensorFlow

Sau d6 ta khai bao input cho mang ludi, chuyén déi anh thanh cac vector

nhung va luu vao file pickle:
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phase_train_placeholder = tf.get_default_graph().

get tensor by name("phase train:e")

feed _dict = { images_placeholder: images,
phase_train_placeholder:False }
embeds = sess.run(embeddings, feed dict=feed dict)

print("saving embeddings")

with open("embeddings/embeddings.pkl", "wb") as f:

pickle.dump((embeds, names), f)

Hinh 45. Pua mé hinh da hudn luyén vao file pickle
3.2.3.2. Nhan dién gwong mat

Pé nhan dién dugc guong mit, ta can trich suat cac dic trung cua guong mit
thanh mot vector nhdng. Tir vector nhing d6 ta ¢6 thé nhan dién danh tinh guong
mat chii yéu thong qua hai cach duéi day:

e Dung céc thuat toan phan loai nhu k-NN, SVM hoac Random Forest.
¢ So sénh khoang céch gitra hai vector nhing.

Str dung phuong phap so sanh khoang cach s& tén nhiéu thoi gian hon vi can
phai thuc hién tinh toan voi tat ca cac vector nhung da duoc xac dinh sin. Phuong
phap sir dung thuat toan phan loai sé& ton it tai nguyén hon do chi can xac dinh vi tri
cua vector nhling méi nam & trong cum nao. Tuy vay phuong phap phan loai can
phai xac dinh bién gigi cho tirng cum vector nhing sao cho c4c vector nay it nam &
sai cum cang tét. Trén thuc té can rat nhiéu thoi gian ciing nhu chat luong dau vao
t6t dé xac dinh dugc ranh giéi nay tdi wu va hiéu qua nhat. Vi vay ddi voi truong
hop sé lwong danh tinh can nhan dién voi sé lwong vira va nho, ta s& st dung
phuong phap so sanh khoang céch. Véi truong hop danh tinh dwoc luu véi sé luong
16n, ta s& str dung phuong phap phan loai dé ting toc thoi gian xu ly.
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Trong chuong trinh ta sé sir dung phuwong phap so sanh khoang cdch. Hién
nay c6 hai phuong trinh Cosine hoic Euclidean dugc dung dé so sanh khoang cach
gitra hai vector.

Phuong trinh Euclidean:

Zn:(xi — ¥i)?

Phuong trinh Cosine:

Xy
Vxxy-y

Véi x va y la cac vector. Biéu d6 miéu ta gia tri tra vé sau khi st dung
phuong trinh Euclidean (d) va phwong trinh Cosine (0) dé tinh khoang cach giira
hai vector. Trong khi phuong trinh Cosine s& cho két qua 1a do 16n twong d6i (mot
goc gitta hai vector), phuong trinh Euclidean s& giéng nhu mét cai thude do lai
khoang cach tuyét ddi giira hai vector.

A AxlyD

B(x2,y2)

Hinh 46. Khodng cach tuyér doi giiza hai Vector

Phuong trinh Cosine thuong duoc st dung dé do khoang cach khi ma d6 16n
cling nhu trong sé cua cac vector khong quan trong nhu truong hop xu ly véi dir
licu text. Trong khi d6 cac dic trung trén guong mit tac dong it nhiéu 1én trong sé
cua cac vector nhing. Vi vay ta s& sir dung phuong trinh Euclidean dé xac dinh
khoang cach gitra hai vector.
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Sau khi d3 luu cac vector nhung da duoc gian nhén vao file pickle, ta s& mo
lai file

Sau d6 ta sé trich xuét cac dic trung thanh vector nhiing cho timg guong mat
mai dugc phat hién.

Tiép theo ta sé& tinh khoang céch gitta cac vector. Sau dé 14y gié tri khoang
cach nho nhat dem di so sanh véi mot ngudng cho trudgc. Néu khoang cach nay nho
hon gia tri ngudng, gwong mat d6 s€ dugc xac dinh theo danh tinh twong urng vai
vector nhing cé khoang cach nho nhat. Nguoc lai, néu khoang cach nay 16n hon gia
tri ngudng, guong mit lic d6 sé& khong dugc nhan dién danh tinh. Dé xac dinh duoc
gia tri nguong t6i vu (thudng duoc goi la fine tunning), ta can phai thir hét ting gia
tri trong mot khoang xac dinh cho dén khi thu duoc két qua nhan dién chinh xac
nhat. Gid tri nay cd thé thay doi theo tirng hoan canh va diéu kién méi truong khéac
nhau.

Cubi cung hién thi két qua nhan dién Ién timg guong mit dwoc phét hién
trong anh:

for i range(boxes.shape[0]):
box = boxes[i, :]
text = f"{predictions[i]}"
x1, yl, x2, y2 = box

cv2.rectangle(frame, (x1, yl), (x2, y2), (80,18,236), 2)

cv2.rectangle(frame, (x1, y2 - 20), (x2, y2),

(80,18,236), cv2.FILLED)
font = cv2.FONT_HERSHEY_DUPLEX
cv2.putText(frame, text, (x1 + 6, y2 - 6), font,

0.3, (255, 255, 255), 1)

Hinh 47. Hién th; két qua guong mdt da phat hién
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3.2.3.3. Sosanh véi cac m6 hinh nhan dién gwong mat hién nay

Dé so sanh giita d hiéu qua gitta cac mo hinh, ta s& sir dung mot dataset anh
chtra mit nguoi rdi ghép hai anh khac nhau thanh mot cip theo hai truong hop sau
(mdi treong hop bao gom 140 cip):

e Hai hinh anh thugc cing mét nguoi.

e Hai hinh anh thudc hai nguoi khac nhau.

Sau d6 ta tinh toan khoang céch cho tat ca cac cip trudng hop theo tirng mo
hinh nhan dién guong mit. Sau khi ¢ két qua ta s& v& biéu ¢6 KDE biéu dién mat
d6 phan phéi gia tri khoang cach d6i véi 2 trudng hop @ng theo ting loai md hinh.
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OpenFace_cosine OpenFace_euclidean
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Hinh 48. bé thi so sanh hiéu qud gizza cac mé hinh

Dua vao d6 thi c6 thé thay mé hinh FaceNet c6 duong phan bd gia tri khoang
cach cho 2 trudng hop it bi dinh lién véi nhau nhat. Diéu nay c6 nghia 14 s& it xay ra
truong hop nhan dién guong miat hai ngudi khac nhau thanh giéng nhau (False
Negative) so véi cdc mo hinh khac.

Ngoai ra ta c6 thé sir dung thuat toan C4.5 Decision Tree dé x4c dinh ngudng
t61 wu tir cac két qua phia trén. Tir d6 ta c6 thé danh gia dugc do chinh xac cho ting
md hinh dya trén ngudng ti wvu nay. Bang dudi day cho két qua danh gia cua ting
mo hinh:
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Bang 9. So sanh hiéu qua giiza cac mo hinh

VGG-Face

FaceNet

OpenFace

Threshold: 0.43
Accuracy: 96.43

Threshold: 0.57
Accuracy: 99.29

Threshold: 0.37
Accuracy: 80.71

Cosine Precision: 93.33 Precision: 98.59 | Precision: 76.22
Recall: 100.0 Recall: 100.0 Recall: 89.29
F1: 96.55 F1:99.29 F1:82.24
Threshold: 0.52 Threshold: 11.84 | Threshold: 1.03
Accuracy: 91.07 Accuracy: 97.5 Accuracy: 67.5
Euclidean Precision: 88.59 Precision: 97.84 | Precision: 60.79
Recall: 94.29 Recall: 97.14 Recall: 98.57
F1:91.35 F1:97.49 F1:75.2
Deep Face ArcFace
Threshold: 0.28 Threshold: 0.53
Accuracy: 77.14 Accuracy: 97.86
Cosine Precision: 75.0 Precision: 96.53
Recall: 81.43 Recall: 99.29
F1:78.08 F1:97.89
Threshold: 54.52 | Threshold: 4.59
Accuracy: 63.57 Accuracy: 96.07
Euclidean Precision: 89.58 Precision: 95.1

Recall: 30.71
F1: 45.74

Recall: 97.14
F1:96.11

C6 thé thay FaceNet cho do chinh xac ciing nhu F1 cao nhét so véi cac mo
hinh con lai. ArcFace ciing cho do chinh xac xap xi tuong duwong véi md hinh

FaceNet.
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CHUONG 4. TRIEN KHAI CHUONG TRINH

Hé thdng nhan dién guong mit c6 thé ap dung trong nhiéu trudng hop thuc
tién nhu camera giam sat, chim cong, diém danh, eKYC, ... Trong bai bao céo sé
thiét k& mot ang dung diém danh don gian va trién khai chuong trinh 1én trén

website.

4.1 Cong nghé

Flask 1a mot Web Framework rat nhe giup nguoi gilp céc 14p trinh vién tao
ra mot hé thong web server dé dang va don gian trén python. Ngoai ra Flask con co
tinh m& rong va 1a mot microframework khdng bao gdom ORM (Object Relational
Manager) hoac cac tinh nang tuong tu.

Pé hién thi c4c dix lidu bi thay doi (dir liéu dong) trén website ma khong can
phai tai lai trang (dynamic website), ta st dung Ajax dé truyén thong tin truy van
(query) tir client cho sever va Server-Sent Events (SSE) dé sever truyén nguoc lai
dur liéu lién tuc cho client.

Ta s€ xay dung web app véi 3 chirc nang chinh nhu sau:

e Quan st truc tiép két qua xtr Iy caa hé thdng nhan dién guong mit

e Tinh toan va luu lai c&c vector nhing cho ting guwong mét qua cac video
dugce luu. Ngoai ra c6 thé dung webcam dé quay va luu lai video cho
guong mat can nhan dién.

e Xem database diém danh theo ngay

4.2 Quy trinh cia chwong trinh:

4.2.1 Thu thap dir liéu cac khudn mat dé nhan dién

Viéc thu thap dit liéu dé huan luyén cho mé hinh sé& dua vao trang Web xay
dung trudc véi dau vao caa dit liéu s& co dang 1a hinh anh, chuong trinh s& tich hop
V6i camera dé lay dix liéu hinh anh trén va bat dau huan luyén. Hinh 49 1a mé hinh

huan luyén caa chuong trinh:
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Frame extract 160x160

)

:
l

Face
detection

(6.3, 0.2, .]
(6.2, 8.1, .]
[6.9, 8.6, .]

File
Pickle

Hinh 49. M hinh hudn luyén ciia chwong trinh

Hinh 50 la giao dién chinh cia chwong trinh cho viéc huan luyén dix liéu
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Video Processing

- TRAINING MODEL
Record Database

meodoal nuial ¥asta szsald

Train

Hinh 50. Giao dién hudn luyén ciia chirong trinh

Nhu d& mo ta & phan trén, dir liéu dau vao sé cé dang 1 hinh anh, va hinh anh
nay co thé cat tir video, néu dir liéu dau vao 1a mot video thi chuong trinh s& thong
qua mot budc riéng, do 1a tach cac anh c¢d hinh khuén mat tir video d6 va format lai

theo dit liéu ban dau 1a hinh anh

Sau qua trinh tach canh tir video, ta tién hanh cat khudn mit ra, can chinh lai

bang céch str dung aligned face va cudi cing 1a resize anh lai (160x160)

Tiép dén ta luu dit liéu anh sau khi xir 1y lai véi tén iy ¢ truong dinh danh cua

trang Web dé bat ¢au huan luyén:
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Hinh 51. Dé lidu két qud thu diwroc sau khi xiz 1y

Cudi cung ta tién hanh doc file dit liéu anh chuyén ddi theo qua trinh mé ta ¢
trén sang embedding vertex d6 vao mot md hinh pre train ¢ sin cua facenet (
20180402-114759.pb ) sau d6 luu lai dir liéu do vao file méi (facemodel.pkl) thong

qua pickle dé phuc vu cho nhan dién va két qua thu duoc nhu sau:
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Streaming processed video...

p

Face Detacesoa Theeshold

3

Small Face Delete Theenhold

Face Verification Theeshold

Hinh 52. Giao di¢n nhéan dién khubn mat cua churong trinh

4.2.2 Xir ly phat hién va nhan di¢n khuén mat trong thoi gian thuc

Tuong ty nhu phan thu thap dir lidu trén, ta cling can mot dau vao la input
clia camera nhung 1an ndy ta thém vao nhitng chirc ning khac dé phuc vu cho cong
tac diém danh sinh vién nhu phan diéu chinh thong sé chung (céc slider theshold)

va phan doc danh sach diém danh dé kiém tra véi md hinh sau:
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Nhan dién girong mat

Load
Pickle file

Min Value l

160x160 0.433 (6.3, 0.2, .]
0.331 [8.2, 8.1, .]
: Smaller Greater (6.9, 8.6, -]

1 r

0.942
0.158
10,039

Hinh 53. M6 hinh nhdn dién guwong mat cua chuwong trinh

Giao dién cta chuong trinh sau khi nhan dién dugc:

Hinh 54. két qua nhdn dién theo thoi gian thyec
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Ta van xu ly va nhan dién thdng tin khudn mit nhu di md ta ¢ phan trén
thong qua Aligned, Facenet sau d6 chuyén ching sang dit liéu Vector va tién hanh

so sénh véi cac Embedded Vertex di duoc luu tir trude |y tir file Pickel

Dé phuc vu cho viéc so sanh dit liéu ta c6 cac Slider Theshhold sau, tiy vao
thong s cua céc silder nay ta co thé thay doi két qua theo y mudn ciing nhu do Ién

cuia cac khudn mat can nhan, d6 chinh xac cua qua trinh nhan dién.

Face Detection Threshold:

60
Small Face Delete Threshold:

43
Face Venification Threshold:

55

Save Threshold

Hinh 55. Giao dién tuy chinh bién sé nhdn dién
Ta str dung thuat toan Triplet Loss so sanh d6 tuong dong dé day xa hoic thu
gon khoang céch giira cac vector nham phan nhém két qua dua vao cac Threshhold

trén.

Tiép dén ta doc thong tin diém danh tir file CSV dong thoi so sanh danh sach d6 véi

cac sinh vién c6 mat trong danh sach nhan dién duoc.

Cubi cuing ta luu thong tin danh sach d6 vao mot file CSV bao gém théng tin

va thoi diém nhan duoc cua sinh vién d6 theo tirng ngay mot dudi dinh dang CSV
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4.2.3 Xem database diém danh theo ngay

Keém theo cac ham truy van don gian nhu loc file theo ngay, file cua 5 ngay
gan nhat ta cho phép ngudi sir dung chon file can truy van sau d6 xuét két qua doc

duoc 1én man hinh

Video Processing

Name | Time Training Model

Choose 5 recent files™ | 14/05/2022 »
or selet a date:

Hinh 56. Giao dién cua truy xudt diz liéu diém danh sinh vién
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CHUONG 5. KET LUAN

Nhu vy ta dd hoan thanh xdy dung xong hé théng nhan dién guong mit
cuing véi tng dung diém danh co ban chay trén nén tang web. Mac du cau tric hé
théng nhan dién gwong mit thoat nhin rit don gian, tuy nhién dé xay dung duoc
mét hé thong hoan chinh can phai bé ra rat nhiéu cdng stc nghién ctu lya chon mé
hinh phu hop ciing nhu téi vu téc do xt 1y va do chinh xac cho chuong trinh. Tuy
vy hé thdng van con ton tai mot sé han ché nhu sau:

e Khdng kiém soat dugc s luong vector nhiing cho ting nhan dang dé so sanh.
DPong nghia véi viéc két qua nhan dang sé thién vé nguoi c6 nhiéu vector nhing
hon ¢ trong file pickle. Ta co thé giai quyét van dé nay bang cach tao ra mé hinh
3D cho tirng ngudi roi tao ra mot bo vector nhing dua trén mé hinh 3D nay.
Ngoai ra viéc nay con lam tdi thiéu sb luong vector nhing cho tirng danh tinh
gitip tang tbc do xur Iy nhan dién gwong mit cho hé thong.

e Khi thém guong mat cua mot ngudi mai hay cap nhat lai mot guong mat cua
nguoi da c6 sin, chuong trinh phai tinh toan va luu lai tir dau danh sach cac
vector nhiing cua toan bo gwong mat. Pé tdi wu qua trinh ndy ta s& luu thong tin
vao trong mét dictionary vai cac key la tén nhadn va value la list cac vector nhing
g Vi tén nhan thay vi luu thanh 2 list song song. Khi d6 chi can thém vao mot
cip key value vao trong dictionary cho mét ngudi méi can dugc nhan dién. Viéc
thay d6i lai hoic xo4 dir liéu cia gwong mit da duoc luu ciing tré nén dé dang
hon thong qua truy van céc key.

e Trong truong hop nhan dién véi s6 luong danh tinh da duoc luu 16n, hé thong sé
t6n rat nhiéu thoi gian dé so sanh va dua ra két qua nhan dién. Lic nay ta sir dung
dén thuat toan phan cum nhu thuit todn tim kiém k-NN (k-nearest neighbors)
hozc thuat toan tim kiém 1an can xap xi (a-NN).

e M6 hinh pretrain cia facenet con kha nang (~100 Mb) nén s& bi han ché trién
khai trén mot s6 nén tang thiét b.

e Viéc nhan dién c6 thé bi gia mao bang hinh anh hoic video quay sin. Van dé nay
c6 thé giai quyét bang cach sir dung phuong phap challenge-response hoic sir
dung camera chiéu sau (depth camera). Ngoai ra c6 thé két hop thém vai cac
cdng cu nhan dang sinh trac khac dé tang tinh bao mat.
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e Ngoai ra hé théng nhan dién khong duoc hiéu qua tdt trong cac truong hop ngoai
1& nhu deo khau trang hay deo kinh. Vi vay ta can phai huan luyén thém cho mé
hinh nhan dién duoc trong cac trudng hop dac biét nay. Khi da huan luyén xong
mod hinh, dé c6 thé ap dung thuc té ta can phai quay lai guong mat & truong hop
nay VA Xuat ra cac vector nhung tuong tmg dé so sanh.

Hé théng nhan dién guong mat hién tai van con rat nhiéu tiém ning phat
trién cling nhu mé& rong thém, va néu bo qua duoc cac han ché néu trén, chuong
trinh ¢6 thé 4p dung rong rii vao trong doi séng cua con ngudi
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