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Loi cam doan

Nhan dién huéng nhin trong dnh (Nhan dién vat thé trong 4nh) khong phai 1a mot dé tai
mdi nhung van 1a mot thach thiic bdi: trong cdc dng dung: viéc nhan dién hudng nhin cla
con ngudi qua hinh dnh doi héi két qua chinh xic cao, & Viét Nam, hién tai khong thuc su
c6 nhiéu nghién ctiu chuyén sau vé dé tai. Trong qua trinh nghién ctiu dé tai c6 rat nhiéu
kién thitc khong nam trong chuong trinh giang day & bac Pai hoc tuy vay chiing t6i xin cam
doan day 1a cong trinh nghién ciu clia riéng t6i dusi su huéng din cia tién si Nguyén Piic
Diing. Ndi dung nghién citu va cac két qua déu 1a trung thuc va chua tiing dugc cong bd
trude day. Cac sb liéu dudc sit dung cho qua trinh phan tich, nhan xét dudc chinh toi thu
thap tif nhiéu ngudn khac nhau va sé dudc ghi rd trong phan tai liéu tham khao.

Ngoai ra, toi cling c6 st dung mot s6 nhan xét, danh gia va sd liéu ciia céc tac gia khac,
o quan t3 chiic khac. TAt ca déu c6 trich din va chii thich ngudn gbc.

Néu phat hién c6 bat ki su gian 14n nao, toi xin hoan toan chiu trach nhiém vé noi dung
luan vin ctia minh. Trudng dai hoc Bach Khoa thanh phé Ho Chi Minh khong lién quan
dén nhiing vi pham tac quyén, ban quyén do toi giy ra trong qud trinh thuc hién.



Loi cam on / Loi ngo

D€ hoan thanh ki dé cuong luan vin nay, toi t long biét on sau sic dén tién si Nguyén
Diic Diing da hudng din tin tinh trong sudt qua trinh nghién cifu.

Chiing toi chan thanh cam on quy thay, c6 trong khoa Khoa Hoc Va Ky Thuat Mdy Tinh,
truong dai hoc Bach Khoa thanh phé Ho Chi Minh da tan tinh truyén dat kién thic trong
nhiing nim ching t6i hoc tip & trudng. Vi von kién thic tich 1ily dugc trong subt qua trinh
hoc tap khong chi 14 nén tang cho qud trinh nghién cifu ma con 12 hanh trang dé€ budc vao doi
mot cach tu tin.

Cubi ciing, tdi xin chic quy thay, c6 doi dio stic khde va thanh cong trong su nghiép cao
quy.



Tém tit ndi dung

Noi dung chinh ctia luin vin nhdm tim hi€u, nghién ctiu xiy dung hé thdng nhan dién hudng
nhin thong qua anh chup dua trén nhitng cong trinh, cong nghé méi dudc nghién ciiu va phat
trién trong nhitng nim gan day cda linh vuc Deep Learning. Trong qua trinh nghién ciu, toi da
tién hanh téng hop, danh gia uu va nhudc diém clia cach phuong phap, cong nghé da va dang
dugc nghién ctu, st dung. Tiép cin van dé theo nhiéu hudng khac nhau, toi thuc hién mot sb
phuong phdp st dung hoc sau (CNN) d€ phat hién hudng nhin ctia con ngudi qua hinh 4nh. Bén
canh viéc hoan thanh noi dung ctia dé tai, nhém chiing to6i da nghién cttu thém mot sé phan dé
tlf d6 dit nén mong cho cic nghién cifu sau nay. Phan con lai clia luin vin tip trung vao viéc
d4nh gia mo hinh, két qué dat dudc, dong thdi phan tich vu nhugc diém ctia mo hinh thuc hién
va thio luan nhitng vin dé ma mo hinh con gip phai. Cudi cling, nhém chiing toi dé xuit huéng
phat trién tiép theo ctia dé tai trong tuong lai.
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Chuong 1

1.1 Gidi thiéu deé tai

Su tuong tac gifta con ngudi va mdy tinh ngay cang trd nén quan trong khi cac thiét bi thong
minh nhu dién thoai, mdy tinh, mdy tinh bang ngay cang gia ting. Khoa hoc nghién cifu vé né
ciing dugc chii trong phat trién theo, trong d6 viéc phat hién hudng nhin clia ngudi dung thong
qua do6i mét trd thanh mot linh vuc trong thi gidc may tinh ngay nay.

Qua cic hinh &nh thu thip bang may quay trén thiét bi thong minh nhu dién thoai hay may
tinh, ta c6 thé phat hién dugc muc tiéu hay d6i tuong ma ngudi ding dang huéng t6i man hinh.
Ung dung nay c6 thé gitip ngudi khuyét tat didu khién céc thiét bi chi bang anh mat ma khong
can dén doi tay.

Tuong tu nhu vy khi gan mot mdy quay nho trén xe hoi theo déi ngudi 14i xe, dua vao hudng
nhin doi mat ctia tai x& ma ta c6 thé phat hién kip thoi ngudi nay ngt git hay khong chi y khi
14i xe (khi ngli gat mat sé trung xudng, khi khong tip trung mat sé hudéng di noi khic).

Trong mdt 16p hoc hay mot budi du thio ta c6 thé do dugc do tip trung clia ngudi tham gia
dé kip thoi thay d6i ndi dung cho phu hdp hon, tranh lang phi thdi gian cia moi ngudi.

Ngoai ra, viéc du doan chinh xac huéng nhin ctia d6i mat c6 thé phan tich hanh vi mua hang
ctia khach nhu khach hay tap trung vao tim nhin nao nhiéu nhit ma ta c6 thé sap xép mit hang
quan trong vifa tam. Hay don gian nhu viéc luét web ctia ngudi dung Internet dé€ sap xép noi
dung quan trong hay khdng quan trong vao cac vi tri phu hgp.

D6 1a tam quan trong cta viéc "du dodn huéng nhin" ing dung vao thuc t& ma nhém tién
hanh nghién ctiu va hién thuc dé ti.

1.2 Muc tiéu cha deé tai

Muc tiéu ctia dé tai 12 nghién ctiu, hiéu va hién thuc mot sd phuong phap hoc sau dé phat
hién huéng nhin ctiia con ngudi qua hinh anh.
Mot sb van dé dit ra:
Lam thé nao d€ gidi quyét bai toan trén?

Cich tiép can nhu thé nao?

Nhiing cdng nghé nao da va hién dang dugc su dung?

Huéng cdi tién?...
Nhu vay dé thuc hién theo diing muc tiéu ctia dé tai can xac dinh mot sd cong viéc phai giai
quyet nhu sau:
e Tim kiém va thu thap dit liéu phu hop vé6i ndi dung dé tai.



e Tim hiéu c4c phuong phap tiép cin da dugc hién thuc
e Lua chon md hinh phu hgp
e Lén ké hoach hién thuc, phat trién hé thong nhan dién huin luyén va kiém thi.

1.3 Cau truc luan van

Trong giai doan luan vin dé tai nhém da thuc hién dudc mot sb cong viéc lién quan sé trinh
bay trong bao cdo nhu sau:

e Chuong 1: Gidi thiéu tdng quan vé nhan dién hudng nhin, ciing 1a chuong hién hanh. Trong
chuong nay sé dua dén cai nhin téng quat vé dé tai, tiém ning va tng dung thuc té trong
tuong lai.

e Chuong 2: Téng quan mot s6 cong trinh nghién citu lién quan téi dé thi ma nhém tim hiéu
dugc qua ba phan: huéng tiép can, mo hinh st dung va két qua dat dugc.

e Chuong 3: Cic kién thiic nén tang phuc vu nhu mang no-ron tich chap trong hoc sau (Deep
Learning), c4c kién triic mang ning cao clia mang tich chap.

e Chuong 4: Trinh bay huéng tiép cin bai toan: chuong nay sé di vao chi tiét cach tiép can
thuc hién mo hinh, bao gdm cong cu st dung.

e Chuong 5: Tong két nhiing cong viéc nhém da 1am dudc, danh gid va dinh hudng ké hoach
ma nhom tiép tuc phat trién trong luan vin.




Chuong 2

Tgng quan

Qua qud trinh thuc hién luan vin Téi da tim hiéu mot sb cong trinh nghién cifu, bai bao khoa
hoc nudc ngoai, Toi chua tim dugc bdo cdo khoa hoc nao trong nudc di sau vao dé tai nhém
dang hién thuc.

2.1 Hiéu qua danh may bang mat véi 9-hudng Gaze Estima-
tion [1]

Hudng tiép can

Pau tién nhém nguyén ciiu tién hanh 14y mau (dataset) thuc hién chup anh truc tiép hay quay
video ngudi 1am mau thuc hién 3 1an (3 top). Chia huéng nhin thanh 9 huéng va nham mat. Tién
hanh xi Iy mau (dataset), phat hién vi tri mat trong anh, tién hanh cat anh. Sau d6, xt 1y 4nh
trudc khi dua vao model hién thuc nhu: chinh d6 sdng anh st dung HSV,... Tiép theo, hién thuc
két qua v6i md hinh CNN (Lenet-5, Support Vector Machine (SMV)....)

- -
m&al _ st L _
Original Image H: +0.5% S -46% V: -T4% H: +3% 5: +9% V: +45% H: #2% S: +78% V: -25%

S -~ el -

H:+1% 5: +27% V:-38%  H:-4% 5: -61% V: +47% H: -1% 5: +60% V: +20% H:-1% 5: -21% V: +86%

Hinh 2.1: Anh hudng sau khi ting chinh sing

M6 hinh thuét toan s dung

St dung céc hinh 4nh RGB véi kich thuée 32 x 128 pixel 1am dau vao mang. Péi véi 16p
xoan (convolution) dau tién, kich thudc bo loc (filter) 1a 3x3 va bo loc (filter) dich chuyén doc
theo anh va quét toan bo dnh. S6 ludng cic bd loc 1a 64. Sau 16p xoan, tiép theo 1a ReLU va 16p
tong hop tdi da (max pooling) thu dudc kich thudc 64 x 16 x 64. Lip lai hoat dong tuong tu trén
cic 16p xoan thi hai va thit ba. Lép két nbi hoan chinh (full connection) c6 300 don vi 4n va
mbi don vi c6 két nbi dén tit ca cic ban do6 dic trung clia 16p xoan thi ba. Pau ra clia mang 1a
mudi loai (9 huéng mat va nhdy mat), sit dung chic ning softmax dé tinh toan t6i vu héa.

Két qua dat dugc

Bang thdng ké dif liéu thu dudc sau hai 1an nguyén cifu 1ay mau.
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Hinh 2.2: Ung dung md hinh CNN trong phat hién huéng nhin

model Data Augmentstion Test set ol kulnlwn users ’I:cst set ol unknfawn users
Topl Acc. | Top2 Acc. | Topl Ace. Top2 Acc.

Our model No 82.44 95,61 78.34 95,85
Our model Yes 95.01 99,80 91.71 98.39
Lenet-5 No 68.46 90,02 67.28 88.94
Lenet-5 Yes 80.44 94,81 81.57 93.32
SVM No 70,66 87.62 70.51 89.63
Our model (SE) Yes 76.27 93.31 73.15 92 .84

Hinh 2.3: Bang thong ké két qua

Nhém nguyén cifu di quan sat thiy cac hinh anh u6c lugng sai va phat hién ra huéng sai,
uéc tinh thuong gan ding huéng. Suy luin rang cé thé nguyén nhan uéc lugng khdng chinh xéc,
do ngudi dung dinh huéng sai canh ctia hai hudéng lién ké. Néu tinh toan 15i trén 1an 2 (dot 1ay
mau 2), ty 1& 16i sé giam xubng con 0.2%. Loai 15i nay c6 thé chip nhan dudc vi khi st dung
hé théng dé€ nhap tl (input words), ngudi dung ludn nhin vao phan gitta ctia moi huéng thay vi
nhin vao canh ctia huéng. Theo két qua kiém tra, md hinh véi dit liéu mat don c6 ty 18 16i cao
hon. Tut tit ca cac dif liéu mat ngudi, ude tinh sai, tim thay ba ly do sau day: thit nhit, dit liéu
mat don nhay cam hon vé6i su chuyén dong nhe ciia dau. Su nghiéng dau 4nh hudng dén két qua
wéc tinh. Thi hai, dusi do phan gidi thap va diéu kién dnh sang yéu, hinh anh ctia mat don c6
thé qua md d€ st dung ude lugng, ngay ci con ngudi khong thé nhan ra huéng. Thit ba, mat trai
va phai khong phai lic nao ciing dong bo. Mot s6 hinh anh két qua ude luong ciia hai mat 1a
khéac nhau nhung c hai déu hop ly.

D& giai quyét nhitng van dé tim thdy, nhém nguyén ctiu da thiét ké hé thdng bang céach giai
quyét ca van dé theo ddi mat va cac van dé nhap vin ban, phuong phap nhap vin ban dua trén thi
gidc ma ngudi dung c6 thé nhap vin ban bang chuyén dong mat va nhip nhdy, chon cac thanh
dién thoai thong thudng 9-key T9 bd tri ban phim nhu giao dién. Mot bd di lieu quy mo 16n da
dudc thu thap bang cach sit dung mot sd thiét bi chup va bao gdm cac diéu kién 4nh sang khac
nhau, dia di€ém va thoi gian. St dung hinh anh ctia c4 hai mat dé tranh cdc vin dé dong bo hoa
hinh anh mat don, lam ting do chinh x4c udc lugng. Ddi v6i cac muc dich ting dung, xac dinh
9 huéng di va hoc tif mot md hinh CNN dé danh gia su quan sat, c6 thé chinh xac udc tinh cia
ngudi dugc biét dén (ngudi tham gia 14y mau 1an 2 tr 1én) va ngudi la (ngudi tham gia 14y miu
dau tién). Cic phuong phdp ting dif liéu dugc dung cung cip tinh manh mé va ting do chinh
x4c u6e lugng. Phuong phap nhap vin ban nay st dung céc thiét bi c6 chi phi thap, don gian héa
cac budc hiéu chinh va loc tiéng 6n do dudng cong, nhdy mat tu nhién va udc ludng sai léch tam
thdi trong sudt qud trinh hoat dong, ngoai ra c6 thé chay & hai ché do: ché d6 ngoai man hinh
va ché dd man hinh. O ché d6 ngoai man hinh, ngudi ding c6 thé tu di chuyén va thiét bi cam
tay. Toc dd nhap vin ban ctia ché d6 man hinh c6 thé dat 20 chif trong mdt phit va tat man hinh
ché do c6 thé dat 18 chil trong mot phut véi ty 1¢ 16i thip. Cong viéc trong tuong lai ctia nhém
nghién ctiu nay la giéi thi€u mo6 hinh ngdn ngti va thém cac chic nang du doan va hoan thanh




tif cho hé thdng hién tai va dio tao udc tinh quan sat bat bién.

2.2 Appearance-Based Gaze Estimation in the Wild [2]

Hudng tiép can

Hinh 4nh dau vao budc dau dudc xi Iy nhan dién khudén mit va diém 6 diém moc (bao gdm
hai diém ctia mdi mat va hai mbc di€ém miéng). Sau d6 dung khudn mit 3D chung dé udc tinh
cac vi tri 3D clia cdc diém mbc da dugc phat hién va dp dung cong nghé k§ thuat chuin héa
khong gian d€ cit va bién dang diing dau va hinh anh mat vao khong gian dao tao binh thudng.
Buéc cudi cung CNN dudgc dua vao dé hoc va dua ra két qua du dodn.

Input image
Eye image ¢
== o
- model -
- -

=T

CNN model

€ ¥
Face and landmark
detection

Hinh 2.4: Xit 1y dau vao

Mo hinh thuit toan su dung

Trong bai bdo khoa hoc nay tdc gid st dung mang LeNet bao gobm mot mang tich chip
(convolution) - ham tdng hop t6i da (max-pooling) - mang tich chip - ham téng hop tdi da -
tang két ndi day du (fully - connected). Lép cubi cuing 12 mot tuyén tinh dé€ dua ra output cudi
cuing. Pau vao 1a hinh dnh mau xam c6 kich thuéc 60x36 pixels. Mbi tich chap c6 kich thudc
feature 5x5 pixels, trong d6 s6 feature clia tang thi nhat 1a 20, tang thi 2 1a 50. Pau ra 1a hai
g6c nhin, trdi va phai.

1@36x60  20@32x56 20@16x28 50@12x24 50@6x12 -

= |

‘ ‘ Regression
Convolutions Max Convolutions Max Fully
pooling pooling connected

Hinh 2.5: Hinh &nh dugc dua qua mang hoc sau dé xi ly




Két qua dat dugc
Bang bén dudi 1a sai s6 trung binh dat dudc v6i mdt s6 mo hinh khac. Bao gdbm Random

Forests (RF), k-Nearest Neighbours(kNN), Adaptive Linear Regression (ALR), Support Vector
Regression (SVR).

[N (ours) IBIRF kNN CIALRCISVR]

1L

2]
[=]

-
w
1
H
|
,_{74
!

Mean errors [degree]
o o

[=]
1

MPIlIGaze Eyediap

Hinh 2.6: Bang thong ké két qua

2.3 Rendering of Eyes for Eye-Shape Registration and Gaze
Estimation [3]

Nhom nghién ciiu tao ra mot s6 lugng 16n hinh anh thuc t& ctia mét bang cach st dung md
hinh viing mat dong. Ching dugc st dung 1am dit liéu dao tao dé ding ky hinh dang mat va udc
tinh dya trén su xuat hién dua trén su xuit hién.

Tl W S

LDynamn: eye-region _ ™  Rendered training images

*  Eye-shape registration

= Gaze estimation

Figure 1:

Hinh 2.7: Ching t6i tao ra mdt sd luong 16n cic hinh anh photorealistic ctia mat bang cich st
dung mot mo hinh viing mat dong.

Hudng tiép can
(a) Quét hinh anh 3D day déc (1,4 triéu da giac (polygons))
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(b) Pugc tdi hién lai thanh dang tbi uu cho hoat 4nh (9,005 da gidc (polygons))

(c) Céc chi tiét bé mit da c6 do phan gidi cao dudc khoi phuc bang ban dd dich chuyén
(d) Cac diém mdc mi mat va mi mat 3D dudc chi gidi bang tay

(e) Hién thi mAu dugc hién thi

Hinh 2.8: Tong quan vé qua trinh chu&n bi mo hinh.

Mo hinh mat nghién cifu bao gém céc sclera, hoc sinh, méng mat, va gidc mac (a) (the sclera,
pupil, iris, and cornea) va c6 thé thé hién su thay ddi thuc té trong ca hai hinh dang (gidn nd
dong i) va két cAu (mau iris, tinh mach scleral) (b).

sclera pupil
iris

Hinh 2.9: M6 hinh méit va mé hinh dau (3D).

M4y anh dudc dinh vi &€ md phdng céc thay ddi trong tu thé dau (a). Tai vi tri ndy, ching
t61 hién thi nhiéu hinh anh mét cho cic huéng nhin khac nhau bang cach dit mé hinh nhan cau

(b):

B6n ban dd méi trudng HDR, sit dung cho dnh sang thuc té: sang / ngoai trdi nhiéu may va
sang / toi trong nha. Mau d thé hién diém sb toi t& nhat.
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Hinh 2.10: Vi tri may anh.

(a) The four HDR environment maps we use for realistic lighting:
bright/cloudy outdoors, and bright/dark indoors

environment 7
map

(b) The environment is rotated (c) Renders using a single envi-
to simulate different head poses  ronment, rotated about 2

Hinh 2.11: Su bién ddi tif viéc thay ddi 4nh sdng dudc md hinh héa véi anh chup c6 moi trudng
¢6 pham vi nang dong cao.
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Hinh 2.12: Uéc lugng 16i trén MPIIGaze

Nhém nghién ctiu da trinh bay mot phuong phap mdi d€ tdng hop nhiing hinh dnh cén canh thuc
té dugc dan nhan hoan hao ctia mat ngudi. Mot dudng 6ng dd hoa mdy tinh sit dung mot bd suu
tap cdc mo hinh ving mat dong thu dudc tif quét dau d€ tao ra cac hinh anh cho thiy pham vi
ctia cdc tu thé dau, hudng nhin va diéu kién chiéu sang. Nhém nghién citu da chiing minh ring




phuong phap nghién ciiu hoat dong tét hon cac phucng phap hién dai d€ ding ky hinh dang mat
va udc tinh dua trén su xuat hién dua trén di liéu chéo trong tu nhién. Nhiing két qua nay hia
hen v nhan manh tiém ning quan trong ctia cdc phuong phap téng hop hoc tip nhu vay, dic biét
12 su bt pha v6i cac phuong phdp gidm sat quy mo 16n gan day. Két qua dat dude Vi du vé do
phil hop (fits) v6i SynthesEyes eye-CLNF vé hinh anh trong tu nhién (a) va hinh 4nh webcam
(b). Hai hang hinh anh trén cing minh hoa cho viéc nhan dang hinh dang mat thanh cOng, trong
khi hang dudi cing minh hoa céc trudng hop that bai, bao gdm cic vét chua dudgc tao ra (téc),
cac tu thé chua dugc chinh stta (mat kin), kinh va khdi tao mo hinh khong chinh xéc.

@l@!iﬁ ”@ Gd?@' @@-

Hinh 2.13: Vi du vé do phu hop (fits) véi SynthesEyes eye-CLNF

Truc x dai dién cho tip huin luyén dudc st dung. Diu chdm 12 c4c 16i trung binh va dudng mau
d6 thé hién mot gidi han thip hon vé miit xéc thuc (s6 diém xac thuc chéo trong tap dit liéu).

24 L] T T L L
m : B
3 20} : .
e
= -
% e
= 16} : d
v 13.91 13.55 : —_ —_
% : : 11.12 : : -
12F - : . : 4
2 . 9.68 :
o * 8.94
= [ 7.90
c 8r ——
o = -
E Lower bound =6.33 {within-MP IGd%e trained m()d:}!l]
I — z — . =
T —_ : —_
0 'l 1 1 1 1
uTt Synth. Synth.+UT UT subset Synth. Synth.targeted

targeted +UT subset

Hinh 2.14: Biéu dd hiéu suét trén MPIIGaze

2.4 Learning an appearance-based gaze estimator from one
million synthesised images [4]

Hudng tiép can

Nghién ciiu da cung cdp mot triéu hinh anh thuc t& vé mat bang cach sif dung md hinh viing
mat dudc mod phong. Chiing dugc két hop véi mot hinh anh diu vao bang cach st dung mot
phuong phap tiép cin hang x6m gan nhit (nearest-neighbor approach) dé& uéc lugng cdi nhin.
M5 hinh quan 1y nay tim ra cac két qua phu hdp ngay ca véi cac géc nhin cuc do va dnh sang
choéi tur kinh.




Higheresolution head scans | # 1,000,000 rendered images Input real-world image

Generative eye region model

Transfer fx gaze estimate

Matched | rendered image

SR

Hinh 2.15: St dung phuong phép tiép cin hang xém gin nhit(nearest-neighbor approach) dé
udc lugng cai nhin.

Nhom nghién ctiu trinh bay vé UnityEyes, mot phuong phap méi d€ tdng hdp nhanh chéng
s6 luong 16n cac hinh dnh viing mét thay ddi cho dit liéu huan luyén. Phuong phap nghién ctiu
nay: két hgp mot mod hinh 3D sinh hoc méi la clia viing mat ngudi v6i khung thdi gian thuc. Mo
hinh viing mat ¢6 ngudn gde tit quét khudén mit 3D c6 do phan gidi cao va st dung x4p xi thdi
gian thuc cho céc vit lidu va ciu triic nhin cau phiic tap, ciing nhu cac phuong phap hinh hoc
thi tuc 1dy cdm hiing tl gidi phau cho hoat 4nh mi mét. Téng hop hinh dnh bing cach st dung
trinh két xuét do hoa va dnh sdng dua trén hinh anh thuc t& va da dang diéu kién chiéu sang.
Nhiing hinh 4nh tdng hdp nay c6 thé dugc khép véi hinh dnh du vao trong thé gidi thuc bing
cach st dung cac phuong phap tiép cin gan nhit d€ uéc lugng anh mat.

{c})

Hinh 2.16: Hinh 4nh vé 1u6i mat: (a) dudc hién thi véi cac vt liéu dua trén vat 1y va cac hiéu
ting khiic xa, mo hinh co riit dong i (b) va gidn nd (c).

Két qua dat dugc

Nearest-neighbour pairs hién thi hinh anh tu nhién (trén ciing) va phan két ctia ching toi
(duéi ciing) cling v6i 4nh mat dudc udc tinh (mau xanh 14 ciy). Ba hang dAu hién thi udc tinh
chét luong tbt, ngay ca duéi anh sang khé khin (thiéu anh sang), do phan giai thip va géc nhin
cuc doan. Hang dudi cung hién thi cac trudng hop 15i tir bién thé chua dudc stta d6i, vi du: trang
diém va téc.
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geometry pupil @

geometry iris

| ] | 3

(H} virtual iris plane ? sclera (b}

Hinh 2.17: M hinh khic xa iris bang cach thay ddi két cau tra cttu: Mot diém 4nh dudc xem
khtc xa chinh x4c d€ hién thi mau den (trong mat) thay vi mau xanh (bé mit hinh hoc).

Hinh 2.18: M6 hinh khdi tao viing mat: (a) Cho thiy cu triic lién két viing mat chung ctia chiing
ta (229 dinh) trén mot quét thd (khoidng SM dinh). (b) Cho thy ciu triic lién két trong khong
gian két cAu uv véi cdc vong canh quan trong dugc danh dau.

L6i pixel va diém nhin cta phuong phdp nearest-neighbor tuong ting véi tap UnityEyes va
MPIIGaze. Nhém nguyén ctiu dat dugc 18i thap nhit & 1.4 triéu hinh anh.
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Hinh 2.19: Két qua ctia phuong phdp t6ng hgp nhiing hinh dnh cin canh thuc té (Nearest-

neighbour pairs) dudc ddn nhan hoan hao ctia mat ngudi

0.64 |

0.62}

0.60

0.58

0.56

0.54

0.52}

in-the-wild pixel error

Qe+00

5e+05
Number of rendered images

le+06 De+00
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0.52¢

0.50

0.48

0.46

12.5

—  MPIlIGaze pixel error
- - MPIlIGaze gaze error

412.C

4 10.C

9.5

S5e+05 le+06
Number of rendered images

Hinh 2.20: Lbi pixel va diém nhin ctia phuong phép nearest-neighbor tuong ting véi tap Uni-
tyEyes va MPIIGaze. Nhém nguyén ctiu dat dugc 16i thip nhét & 1.4 triéu hinh &nh.
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Chuong 3

Kién thic nén tang

D& c6 thé nghién ctiu bai todn nhan dién vat thé trong 4nh, nhiing kién thiic nén tang quan
trong nhém can phai nim bao gdm:
e Convolution Neural Network.
e Cic kién tric mang CNN nang cao

3.1 Khai niém chung

Mang no-ron nhan tao (Artificial Neural Network- ANN) hay thudng goi ngan gon 1a mang
nd-ron 1a mot mo hinh toan hoc hay md hinh tinh toan dudc xay dung dua trén cac mang no-ron
sinh hoc, bao gém c6 mdt nhém cac nd-ron nhan tao (nit: node) ndi véi nhau va xi ly thong tin
bang cach truyén theo cic két n6i va tinh gid tri méi tai cc nit. Trong nhiéu trudng hop, mang
no-ron nhan tao 12 mot hé théng thich dng (adaptive system) tu thay ddi cAu triic ctia minh dua
trén cac thong tin bén ngoai hay bén trong chay qua mang trong qua trinh hoc.

Trong thuc t& st dung, nhiéu mang no-ron I cic cdng cu mo hinh héa dit liéu thdng ké phi
tuyén. Ching c6 thé dugc ding d€ md hinh héa ciac mbi quan hé phic tap gitta dif liéu vao va
két qua hoic dé€ tim kiém cac dang/mau trong dit liéu. ANN gidng nhu bd ndo con ngudi, dudc
hoc béi kinh nghiém (thong qua huén luyén), c6 kha ning luu giif nhitng kinh nghiém tri thiic
va st dung nhiing tri thiic d6 trong viéc du dodn céc dit liéu chua biét (unseen data). Kién tric
chung ctia mot mang noron nhan tao (ANN) gém 3 thanh phan d6 1a: 16p dau vao (input layer),
16p 4n (hidden layer) va 16p dau ra (output layer).

Khi ta 4p dung mang ANN Ién dif liéu dnh dau vao c6 kich thudc mxn. V6i mot hidden layer,
6 mot nd-ron ta s& c6 s trong s6 w;; phai luu 1a mxn trong 6. T d6 ta c6 thé thiy v6i mot anh
c6 kich thude 50x50 thi v6i mang nhu trén ta da phai nhd dén 2500 trong sO w;;. Thé nhung anh
binh thudng lai c6 kich thudc 16n hon 50x50 va mang ANN véi mot 16p 4n v mot no-ron thi két
qua hoc s& khong dugc tot. VAy nén khi 4p dung ANN 1én dif liéu 4nh ta s& phai nhé rat nhiéu
trong s& wy;, vi vay kho c6 thé tao duge mot mang c6 do sau di 16n d€ dp dung 1én dit liéu &nh.

Convolutional Neural Network (CNNs - Mang neural tich chdp) 1a mdt trong nhitng m6 hinh
Deep Learning tién tién gitip cho chiing ta xdy dung dudc nhiing hé thong thong minh véi do
chinh xdc cao.

13



3.2 Convolution Neural Network [9]

3.2.1 Cic thanh phan co ban cia mang CNN

Céc thanh co ban ctia CNN gom:
Tang Convolution

Pooling
e RelLU
Fully Connected

Mot vai khdi niém can hiéu:

e Feature: CNNs so sanh hinh anh theo tiing manh. Cac manh (thudc tinh dac trung) ma né
tim dudc goi la céac feature. Bang cach tim ¢ miic tho céc feature khép nhau & cling vi tri
trong hai hinh 4nh, CNNs nhin ra sy tuong dong tot hon nhiéu so véi viéc khdp toan bd biic
4nh. Mdi feature gidng nhu mot hinh anh mini - mot mang hai chiéu nhé. Céc feature khép
v6i céac khia canh chung cua cac buc anh.

Hinh 3.1: Péc trung - Feature trong CNN [9]

e B{ loc (filter): 1a mOt ma tran c6 kich thude nhé thuong 1a 3x3 hodc 5x5, dude khdi tao ban
dau. Khi “truot” filter trén anh dau vao ing véi mdi ving trugt s& c6 mot no-ron an trong
16p 4n (hidden layer) dau tién, qua trinh nay dudc 1ip lai lién tuc dén khi trudt xong toan bo
biic 4nh cubi cling ta sé dudc 1 feature map. Tuy nhién trong thuc té ching ta can rat nhiéu
feature map.

Tﬁng Convolution

L6p convolution st dung bd loc (filters) c6 kich thude nho hon so véi anh (thudng ma trén
3x3 hoic 5x5), tién hanh tich chap. Bo filter s& dich chuyén trén 4nh theo budc truge chay doc
theo anh va quét toan b anh thu dudc feature map.

Tinh todn su khép ctia mot feature dbi véi mot hinh anh, ta thuc hién nhan mdi diém anh
trong feature véi gid tri cia diém anh tuong tng trong hinh anh. Cong tdng lai va chia cho sb
lugng diém anh trong feature.
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Convolution kernel

Gid tri & feature map

Hinh 3.3: Tang Convolution trong CNN [6]]

Hinh 3.4: Vi du mau tinh todn tich chap [9]
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Vi du trong hinh méu: néu gi4 tri diém 4nh trong feature kh6p mau véi diém anh trong hinh
sé cho gid tri 1a 1 (1x1=1 hoiic (-1)x(-1) = 1), néu gia tri diém anh khong khép mau sé cho gid
tri (-1) (1 x (-1) =(-1)). Cong cac két qua lai, chia cho s luong di€ém anh cia feature 3x3=9.

Mot mang tich chap can nhiéu feature map, thuc hién tuong tu qua trinh tich chap cho tiing
feature khac, két qua thu dudc 1a mot tap hop cac hinh anh dudc loc, tuong ting véi méi filter.
Chi y: cdc gid tri gan 1 cho thiy sy kh6p manh, cic gid tri gan -1 cho thdy su khép manh véi
am ban cia feature, va cic gia tri gan bang 0 cho thiy khong khép véi bat ky loai nao.

Thuc hién tuong tu qua trinh tich chip cho ting feature khéc, két qua thu dudc 13 mot tap
hop cac hinh anh dudgc loc, tuong ing véi mdi filter.

C6 hai dang tinh Convolution chinh ma ta thuong dung la Valid va Same. Hai dang cho anh
két qua c6 kich thudc khac nhau:

e Dang Valid: kernel dugc trudt trén toan anh, sau khi tinh tich chap (convolution) két qua sé
nhd hon kich thude anh ban dau. Véi anh dau vao c6 kich thuée m x m, kernel kich thudc
nxn thi anh dau ra sé ¢6 kich thuéc (mn + 1)x(mn + 1).

e Dang Same: trudc khi tinh Convolution, anh s€ dugc dém (padding) thém cac gia tri (thuong
céc gia tri nay sé 1a 0 hodc 1) d€ ting kich thudc anh, sao cho sau khi thuc hién Convolution,
kich thuéc anh két qua sé bing véi kich thude anh ban dau.

Vé mit toan hoc, cho ham f(x), tich chép cta f véi ham k(x) dudc tinh nhu sau:

r(x) = (f*k)(x /fx n)k (3.1)

Thuc hién "trugt” ham k(x) 1én ham f(x) va tinh tong phan chong 14p ctia 2 ham nay véi
nhau, do dé két qua ctia phép tich chap 1a ta dudc mot ham mdi 13 sy "hoa tron" cia k(x) vao
f(x). Trong trudng hop rdi rac, phép tich phan trd thanh tdng:

r(i) = (fxk)(i)) =Y f(i - 3.2)
V6i truong hop 2 chiéu, ta chi can thém chi s cho chiéu thi 2:
r(i, j) = (fxk)(i, )) ZZfz—n] m)k(n,m) (3.3)

Lap gop Pooling

Pooling layer trong mang CNN gitip loai b nhiing thong tin khong can thiét, rit hitu ich
khi anh c6 kich ¢6 16n (dimentional reduction) lam giam do phuc tap khi tinh toan. Tuy nhién
néu lam dung nhiéu c6 thé 1am mat dit liéu. Trong 16p ndy st dung ctia s6 trugt (thudng 14 2x2),
mdi 1an trugt theo mot bude trudt (stride) cho trude . Khac véi 16p Convolutional, 16p Pooling
khong tinh tich chap ma tién hanh liy miu (subsampling). Mot gid tri dai dién thong tin anh
tai ving 4nh d6 dudc gitt lai. Mot sd phuong phap phd bién dudc sit dung trong 16p Pooling 1a
MaxPooling (l4y gi4 tri 16n nhit), MinPooling (Iiy gid tri nho nhit) va AveragePooling (14y gia
tri trung binh).

Vi du minh hoa: md hinh c6 kich thu6c 32x32 (hinh minh hoa trén), 16p Pooling dung filter
kich thudc 2x2, budc truot (stride) 12 2, st dung phuong phap MaxPooling. Tién hanh gop anh,
gia tri 16n nhit trong ving ctia s§ 2x2 gidi han béi filter dugc git lai, lam dau ra. Sau 16p
Pooling, kich thudc anh gidm di 2 1an méi chiéu (16x16).

Khi dit liéu anh c6 kich thudc 16n, thuc hién qua nhiéu 16p Pooling sé thu nho, giam kich
thude dit liéu 1am gidm luong tham sd, ting hiéu qua tinh toan va gép phan kiém soat hién tuong
qua khép (overfitting).
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Hinh 3.5: Max Pooling trong CNN

Rectified Linear Units - ReLU

Hay con goi 12 ham tinh chinh cdc don vi tuyén tinh

Dong vai tro nhd nhung quan trong trong qua trinh 1a Rectified Linear Unit hoac ReLU. Lép
nay thudng dudc cai dit sau 16p Convolutional. C6 nhiém vu chuyén toan bd gid tri am ctia két
qua tu 16p Convolutional thanh gia tri 0, stt dung ham kich hoat f(x) = max(0,x). RELU gitp
tao nén tinh phi tuyén cho mé hinh, giit viing su tin cdy toan hoc gitip cic gia tri khoi bi mac ket
gan 0 hoiic bi vé& vO tan.

Ngoai ra con mot s6 ham truyén khac:

Ham Truyvén Cong thirc Po thi

Linear flx)=x ; :I|/I

— -I'-: —
S|gmmr.'l fl:x} - 14 e—x _/‘/

6 -4 2 0 ) 4 &
Tan-Sigmoid 1= ¢* = . .1 R
o f{\.j = 1 - : : | ';_F'_'_T_ : X
+ e < “‘_ﬂﬂ'z_ﬂ.‘f+ 3 4 3
ReLu f(x) = max (0, x) :

Hinh 3.6: C4c ham truyén trong CNN
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Fully-connected Layer
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Hinh 3.7: Tang két n6i day da [10]

Fully-Connected Layer (FC Layer) chinh 12 mdt mang NN dugc gin vao phin cubi clia
CNNs. Lép nay tucng tu véi 16p trong mang nd-ron truyén thang, cac gid tri diém anh lién két
v6i nhau lién tiép. Sau khi ducc xi 1y, rit trich, gop,... tif cac 16p trudc d6, dit liéu anh khong
con qué 16n nén cé thé ap dung mé hinh truyén thing. Cac layer dudc két nbi day di iy cic
hinh 4nh d loc & cip cao va chuyén thanh cic phiéu bau (vote). Thay vi coi dau vao nhu mot
mang hai chiéu, chiing dudc coi nhu mang mdt chiéu va tit ca déu dugc xit ly gidng nhau. Mbi
gia tri hudng dén két qua cho hinh anh hién tai. Tuy nhién, trong qud trinh nay cac gid tri c6
muc do quyét dinh khong giéng nhau. Mot s6 gia tri cho biét két qua ctia hinh dnh nay 12 tot hon
nhiéu so vé6i nhitng gid tri khac, va mot s6 lai dic biét tot khi cho biét két qua khdc, thé hién qua
trong sd (weight), hoidc 1a mifc do két nbi...

Nhu vay, 16p fully-connected c6 vai trdo nhu mot mo hinh phan I6p va thuc hién phan 16p di
liéu da dugc xu ly thong qua cac 16p trude do.

3.2.2 Kién triic mang CNN co ban

Trong mo6 hinh CNN hai khia canh can quan tam 1a tinh bat bién (Location Invariance) va
tinh két hop (Compositionality). Cling mét d6i tugng mau, néu ddi tuong dudc chiéu theo cic
huéng khac nhau (dich (translation), quay (rotation), co gian (scaling)) ciing 4nh hudng dén két
qua thudt toan, do chinh xdc sé& bi dnh hudng. Pooling layer tao nén tinh bat bién vdi cac phép
bién d6i cta anh, vat: phép dich (translation), phép quay (rotation) va phép co giin (scaling).
Tinh két hop thé hién qua viéc thong qua viéc cang nhiéu thong tin bd sung két qua dit liéu
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Hinh 3.8: Kién triic mang CNN co bén [20]

cho ta dau ra cang chinh x4c, nhu mang nd-ron tich chip dudc hinh thanh ti viéc ghép bS xung
nhiéu feature map.

Mo hinh bt du véi 16p Convolutional. Lép RELU thudng ludn dugc cai dic ngay sau 16p
Convolutional hoic két hop ca hai 16p nay thanh mot 16p. Cac 16p tiép theo c6 thé 1a Convolu-
tional hay Pooling tuy theo kién tric mudn xiy dung. Cubi cung sé 1a 16p fully-connected dé
tién hanh phan 16p, dua ra két qua dau ra ciia mo hinh.

Xét mot kién tric sau day:

Convl (with RELU) — Pooling — Conv2 (with RELU) — Pooling — FC — FC

Hinh 4nh can nhén dang c6 kich thuée 32x32. Anh sé dudc dua vao 16p Convl (Convolu-
tional két hop RELU) gdm 32 filter c6 kich thu6c 5x5, thuc hién tinh tich chap véi 32 filter ta
s& c6 32 4nh két qua.
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Hinh 3.9: Nhén dién hinh anh véi CNN [11]

Mai anh sé c6 kich thu6e tuong ting 1a 28x28. Sau d6 cho qua 16p Pooling va két qua tra ra
s& 12 32 &nh c6 kich thudc 14x14. Tiép tuc cho di liéu di vao 16p Conv2. Tuong tu nhu Convl,
4nh s& dudc tinh tich chap vdi filter va tra ra két qua. Lép Pooling tiép theo sé tiép tuc giam kich
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thu6c ctia anh xudng con 5x5. Véi kich thude di nhd, 16p Fully-connected tiép theo sé xi ly va
dua ra két qua phan 16p hay két qua nhan dang.

Lan truyén ngugc (Backpropagation)

Cau hdi dit ra: Cac feature dén tir ddu? Lam thé nao d€ tim trong s6 trong cic layer dudc két
ndi day da?

Thuat toan Back — Propagation dudc st dung d€ diéu chinh cac trong s6 két ndi sao cho tong
sai s6 e nhd nhit.

(t (i, w) — y(xi))? (3.4)

-

E =

i=1

Trong do:
t(x;,w): gia tri clia tip mau
(v(x;)): gid tri két xuit ciia mang
Mbi noron déu c6 gia tri vao va ra, mdi gia tri déu c6 mot trong sb dé danh gid miic do anh
hudng clia gid tri vao d6. Thuat toan Back —Propagation s& diéu chinh cac trong s6 d6 d€ gia tri
ej=1tj—Yy; 12 nhd nhat.
Xdc dinh vi trf cia mdi noron, noron nao 1a ctia 16p n va noron nao 1a ctia 16p xuét.
Cac ky hiéu:
Wi ;: vector trong s6 clia noron j s6 dau vao i
u; : vector gid tri k&t xult ctia noron trong 16p j
Gia tri sai s6 clia noron j tai vong lip thif n

ej(n) =t;(n) —y;(n) (3.5)
Téng binh phuong sai s6 cia mang noron:
1&
E(n) = 5 Zlej(n) (3.6)
j:
Téng trong sd input tai noron j:
p
uj(n) =Y wix;(n) (3.7)
i=0
Gia tri két xuét ctia neeural j:
vj(n) = fi(uj(n)) (3.8)

Tinh todn gia tri dao ham sai s6 cho méi neural w;;:

JdE(n)  JE(n) dej(n) dy;(n) duj(n)

IW;i(n) — de;(n) dy;(n) du;(n) dw;(n) o
Trong do6 -
ER N e2. n
e ™ gm0 o
dej(n)  d(ti(n)—yi(n))
3y,(n) aym - o




duj(n) (1) (3.12)
duj(n) _ (Lo Wijxi(n)) —
ow;(n) owin) i(n) (3.13)
—> aavij(?n)) — —e;(n)f"(u;(n))xin) (3.14)

Gia tri diéu chinh trong sb:
Dé€ cap nhat trong sd w;;: chon mot tdc dd hoc: 1. Tinh tich cta tdc dd hoc véi gradient,
nhan (-1).
JdE(n)
Awjj = —UW = —ne;j(n).f (uj(n))xi(n) (3.15)

Trong do
_ JE(n)  JE(n) dej(n) dy;(n

. )
%= W) ~ Fes(n) Ay sin) duslmy IS ) (3.16)
Awij = —n8;(n)xi(n) (3.17)
Cong thic diéu chinh trong s6:
Wijn+1) = wij(n) +Awij(n) (3.18)

3.3 Cac kién tric mang CNN nang cao

3.3.1 Mang LeNet-5

Nim 1994 tac phdm tién phong clia Yann LeCun dugc dit tén 1a LeNetS sau nhiéu 1an Lip
lai thanh cong trude d6 ké tit naim 1988. Va day 1a mot trong nhitng mang than kinh xoan nép
dau tién, gidp ddy manh linh vuc hoc tap sau.

Vao thdi diém d6 khong c6 GPU dé huén luyén, va tham chi ca CPU ciing cham. Vi vay, c6
thé Iuu cdc thong sd va tinh todn 12 mot 1oi thé quan trong. Kién tric LeNet 12 don gian va nhd
gon (vé bd nhd), lam cho né hoan hio dé€ giang day nhiing diéu co ban ctia CNN - né tham chi
c6 thé chay trén CPU (néu hé thdng ctia ban khong c6 GPU thich hop).

C3:f. maps 16@10x10
C1: feature maps S4:f. maps 16@5x5

INPUT
32432 6@28x28

S2: f. maps
6@14x14

|
| Fullcomlnection ‘ Gaussian connections

Convolutions Subsampling Convolutions  Subsampling Full connection

Hinh 3.10: M6 hinh mang LeNet [[7]]
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Ciac dic diém ctia LeNet5 c6 thé dugc tom tat nhu sau [[7]]:
e Chudi st dung mang no-ron thin kinh gdm 3 16p: xoén chap (convolution), tap hop gop
(pooling), phi tuyén (non-linearity).
e St dung chap (convolution) dé chiét xuét cic dic tinh khong gian.
e Phi tuyén ding tanh hoic sigmoids
e Mang no-ron da 16p (multi-layer neural network MLP) 1am phan loai cubi cung (final clas-
sifier).
e Ma tran két ndi thua thét gitta cac 16p d€ tranh chi phi tinh todn 16n.
e Ham gop lay gia tri trung binh (Average pooling).
Thuc hién:
Pau vao 12 mot anh 32x32, thuc hién tich chip (convolution) dung bo loc (filter) 1a 5x5, véi
6 feature dé€ c6 dudc mot khdi 16p (layer) két qua 1a 28x28x6. Sau d6, chiing ta tién hanh 14y mau
(subsampling) dé cé dudc luong kich hoat 14x14x6: giam mot nita chiéu rong clia anh, si dung
ma tran 2x2. Tiép tuc tich chip v6i 16 ma tran tinh ning d€ c6 dudgc kich hoat 10x10x16, ding
cac bo loc kich thudc 5x5. Thuc hién mot 1an nita tién trinh 14y mau (subsampling), kich thuéc
t6ng hop 1a 2x2. Lép xodn cudi ciing 1 120 bo loc (filter) ¢ kich thudc 5x5, va lam phang khoi
lugng kich hoat thanh mot vector. Cudi cling, chiing ta thém mot 16p 4n v6i 84 nd-ron va 16p
dau ra v6i 10 no-ron.

3.3.2 Mang AlexNet

So luge vé AlexNet day 1a mo hinh ddnh diu sy phd bién ctia CNN, danh chién thang trong
cudc thi ILSVRC 2012 (ImageNet Large Scale Visual Recognition Challenge - mot cudc thi thé
van hoi cho thi gidc mdy tinh noi ma cc doi trén thé gidi canh tranh nhau vé mo hinh thi gidc
may tinh theo cac nhi€ém vu nhu phan loai, phat hién, ...)

Piéu ddng néi & mang ndy 1a chi nhan di liéu dau vao 1a dif liéu thd va khong 4p dung
phuong phap trich dac trung nao.

5 Convolutional Layers 1000 ways
Softmax

——

N i
. T J04s \dense
\ 13

13 dense idense

-

1000

128 Max L
pooling Dat 2048 o«
Iy

3 Fully-Connected
Layers

Hinh 3.11: Mang AlexNet [7]

Mot sb thong sb co ban trong mdt mang Alexnet [[14]
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Tang 0: Hinh 4nh dau vao
— Size: 227 x 227 x 3
Tang 1: Mang tich chip vé6i 96 bo loc, kich thude 11x11, bude trugt (stride) S = 4, bd dém
P=0
— Kich thudc: 55 x 55 x 96
- (227 - 11)/4 + 1 = 55 size cta dau ra
— D0 sau 96 bdi vi 1 tap biéu thi mot bd loc va ¢ 96 bd loc
Tang 2: Ham tSng hop t6i da (max-pooling) v6i bo loc ¢6 kich thude 3x3, budc trugt S = 2
— Kich thuéce: 27 x 27 x 96
— (55-3)/2+1 =27 la kich thudc cta dau r
— D06 sau 96
Tang 3: Mang tich chap vé6i 256 bo loc, kich thude 5x5, budc trugt S = 1, bo dém P = 2
— Kich thudce: 27 x 27 x 256
— Padding = 2 nén kich thudc ban dau dudc thay ddi 1
— Db sdu 256 vi c6 256 bd loc
Tang 4: Mang tich chap véi bo loc 3x3, budc trugt S = 2
— Kich thuéc: 13 x 13 x 256
- Kich thudc dau ra: (27 -3)/2+1=13
— Do sau 256
Tang 5: Mang tich chap vé6i 384 bo loc, kich thude 3x3, budc trugt S =1, bé dm P = 1
— Kich thudc: 13 x 13 x 384
— Vibd dém P = 1 nén kich thudc dugc thay d6i
— D0 sau 384 vi co 384 bo loc
Tang 6: Mang tich chap vé6i 384 bo loc, kich thude 3x3, budc trugt S = 1, bé d&m P = 1
— Kich thuée: 13 x 13 x 384
— Vibd dém P = 1 nén kich thu6c dugc thay doi
— D06 sdu 384 vi c6 384 bd loc
Tang 7: Mang tich chap vé6i 256 bo loc, kich thude 3x3, budc trugt S =1, bé d&m P = 1
— Kich thudc: 13 x 13 x 384
— Vibd dém P = 1 nén kich thuéc dugc thay d6i
— D0 sau 256 vi c6 256 bo loc
Tang 8: Ham tSng tdi da kich thudc 3x3, budc trugt S = 2
— Kich thudc: 6 x 6 x 256
— Kich thudc dau ra: 6
— Do sau 256
Tang 9: Mang tich chap day di véi 4096 neuron
— MBoi 4nh 6x6x256 = 9216 pixels dudc dua vao mdi neuron va trong sd dudc xac dinh
bidng mang truyén ngudc (back - propagation)
Tang 10: Mang tich chap diy di v6i 4096 neuron
- Gibng tang 9
Tang 11: Mang tich chap day di véi 1000 neuron
— Pay Ia tang cubi cung va c6 1000 neurons vi dit liéu IAMGENET c¢6 1000 16p can dudc
phén loai
La mang dau tién 1am viéc t6t véi tap dit liéu IAMGENET.
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3.3.3 Mang Googl.eNet

Téng quan vé GooLeNet [17]
e Gom 22 tang
e Anh hudng bdi Inception module
e Khong c6 tang két ndi ddy dua (fully - connected layer)
e Chi c6 5 triéu thong s it hon so v6i AlexNet 12 lan

Déi véi cac mang tich chip khic viéc Iua chon 3x3 hodc 5x5 d€ dudc tbi uu 12 mot vin dé
nan giai. Vay thi sao chiing ta khong thé st dung tit ci chiing, cau tra 15i dudc hién thuc trong
module Inception, ta thuc hién viéc nay bing cach thuc hién tiing tich chap song song va nbi
cac két qua lai trudc khi t6i 16p tiép theo.

Pén 16p tiép theo ciing 13 mot module Inception, sau d6 mdi ban dd dic trung (feature maps)
sé dudgc truyén qua hon hgp cc xdo tron ciia 16p hién tai. Y tudng 12 khong can phai biét trudc
thoi gian néu né dugc tot hon dé 1am, vi du 3x3 sau d6 1a 5x5. Thay vao dé, chi can lam tht ca
cdc tich chap va d&€ mo hinh ty chon dudc cai tot nhét. Ngoai ra kién triic niy cho phép md hinh
phuc hoi ca tinh ning dia phuong thong qua cac vong quay nhé hon va cic tinh ning tritu tugng
cao.

Inception module: thiét ké mdt mang dia phuong véi topology va rdi dit ching chong 1én
nhau. Tit ca cdc mang tich chap dudc bao trong modul Inception, sit dung ham tinh chinh don
vi tuyén tinh d€ kich hoat (ham ReLU). Tham khdo hinh duéi.

Mang gom 22 tang khi chi dém vé6i nhiing tang c6 thong s6 (néu dém tit ca ta c6 27 tang).
Téng s6 16p (khdi xay dung doc 1ap) dudc st dung dé xay dung 12 khoang 100 16p. S6 chinh
x4c dua vao cich cac 16p dudc dém bdi co sé ha ting hoc may. Viéc st dung téng hop trudc khi
phan loai, mic du viéc c6 thém mot 16p tuyén tinh. Lép tuyén tinh cho phép chiing ta dé dang
diéu chinh mang véi c4c bd nhan khic nhau, tuy nhién né dudc st dung chii yéu dé thuén tién
va mong dgi né c6 mot hiéu ting 16n. Su di chuyén tir cac 16p két n6i hoan chinh téi tdng hop
da nang cao do chinh xdc 1én khoang 1%, tuy nhién viéc st dung dropout van la diéu thiét yéu
ngay ca sau khi loai bé cac 16p két ndi hoan toan.

Hinh 3.12: M6 hinh mang GooglLeNet [17]]

V6i d6 sau tuong ddi 16n ctia mang, kha ning truyén cta gradient trd lai tit ca cac 16p mot
cach hiéu qui 12 mbi quan tim. Hiéu ning manh mé clia cic mang ludi ndng trén cong viéc nay
cho thiy céc tinh ning dudc san xut bdi cac 16p & giita mang nén rat phan biét. Bang cach thém
cac phan 16p phu tro két ndi véi cac 16p trung gian nay, su ki thi trong céc giai doan duéi ctia
phan loai dudc du kién. Piéu nay dudc cho 12 d€ chdng lai cdc van dé vé gradient bién mét trong
khi cung cip su &n dinh. Nhiing phan loai niy c6 dang ctia cac mang xoin nhd hon dit ra trén
dau ra clia cic md dun inception. Trong qua trinh huin luyén, mit mat sé dudc cong vao tdng
s6 thiét hai clia mang véi trong luong chiét khiu (t6n thit clia cdc ting dudgc trong s6 = 0.3. Tai
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thdi di€m suy luan, cdc phu trg mang sé bi loai bd. Cac thi nghiém kiém sodt sau nay c6 cho
thiy hiéu qua cla céc ludi phu trg 12 tuong dbi nhé khoang 0.5% va ring n6 chi yéu cau mot
trong s6 ho dé dudc hiéu qua tuong tu.
CAu triic chinh x4c ctia mang phu & bén canh, bao gdm phén loai phu trg nhu sau:
e Mot 16p tdng hop trung binh véi kich thudc bd loc 5x5 va buée trude S = 3, két qua dau ra
4x4x512 cho hinh a, va 4x4x528 cho hinh b.

Filter
Filter concatenation

concatenation ﬂ

I 3x3 convolutions 5x5 convolutions 1x1 convolutions

1x1 convolutions 3x3 convolutions 5x5 convolutions 3x3 max pooling

1x1 convolutions 1 L) [}

\ 1x1 convolutions 1x1 convolutions 3x3 max pooling
Previous layer Previous layer

(a) Inception module, naive version (b) Inception module with dimension reductions

Hinh 3.13: Module Inception [[18]]

Mot tich chap 1x1 véi 128 bo loc dé giam kich thuée va tinh chinh cdc don vi tuyén tinh
Mot 16p két ndi hoan chinh véi 1024 don vi va tinh chinh cc don vi tuyén tinh.

Mot tang loai bé (dropout layer) 70% ty 1& dau ra.

Mot 16p tuyén tinh véi tén thit softmax nhu 14 phan loai (du doan cic 16p 1000 tuong tu
nhu phéan loai chinh, nhung loai bo tai thoi gian suy luan

Day 1a mot trong nhiing kién triic CNN dau tién thuc su bi lac khoi céch tiép can tdng quat
ctia viéc xép chong 1én nhau va xép cac 16p 1én nhau theo céu tric tuan tu. Cac tdc gia cia nhin
manh rang mo hinh méi nay chi trong dén viéc sit dung bd nhé va dién ning (Luu y quan trong
do6i khi chiing ta cling quén rang: xép tit ca cac 16p nay va thém mot sb lugng 16n cac bo loc c6
chi phi tinh toan va bg nhd, cling nhu tang co hoi overfitting).

3.3.4 Mang ResNet [18]

Nhu ta da biét do sau c6 tim quan trong dic biét trong kién tric mang neuron, nhung céc
mang cang siu thi cang kho dao tao.

VAn dé véi do siu clia mang ting 1én, d6 chinh x4c bi bio hoa va sau d6 gidm nhanh chéng.
Su di xuéng khong phai do overfitting, va thém cang nhiéu 16p vao hoc sau dan dén 16i dao tao
cao hon.

Xem xét vin dé v6i mot mang nong hon. C6 mot gidi phap cho mé hinh sau hon bang cach
xdy dung céac 16p dugc sao chép tu md hinh ndng hon, va cac 16p thém vao dugc anh xa nhan
dang. Su tdn tai ctia gidi phap xdy dung niy chi ra ring mdt md hinh sau hon s& khong tao ra 16i
dao tao cao hon so v6i md hinh ndng hon. Mot ly do khac cho ly do tai sao ResNet lai nay c6
thé hiéu qua 1a trong sudt qua trinh quay ngudc trd lai clia backpropagation, gradient sé dé dang
chdy qua do thi bdi vi ching ta c6 cic phép todn cong, phan phdi gradient.

Y tudng trong mang nay la sau mot khéi du ban c6 diu vao ciia minh 1a x di qua chudi
conv-relu-conv. Diéu nay sé& cho ta ham s6 F(x). Ké&t qua sau d6 dudc thém vao dau vao ban dau
x. Goi d6 12 H(x) = F(x) + x. Trong CNN truyén thong, H(x) bing F(x), bay git ta khong chi
don thudn tinh toan su chuyén ddi thing tif x sang F(x). V& co ban, mo dun mini bén dudi hinh
4nh thay d6i mot chiit diu vao dé c6 mot phién ban méi ctia CNN.
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A4

weight layer
f(x) ! relu <
weight layer identity
F(x) +x

A residual block

Hinh 3.14: M6t block ResNet [[18]]

Cho dén nim 2016 thi day 12 mang CNN t4t nhét, giai quyét mot phan van dé hoc cang sau
cang tot.
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Chuong 4

Hudng tiép can va mé hinh dé xuét

4.1 Hudng tiép cin

Trong bai todn phan loai hinh anh hién hai c6 huéng tiép cin chinh:

e Phuong phap thit nhit: nhan dang hinh anh dua trén tri thifc ctia chuyén gia. D6i véi hudng
tiép can ndy ngudi ta xdy dung hé thdng phan loai dua trén cac cong thiic toan hoc, it trich
dic trung ctia hinh 4nh d€ dua ra phan loai. Pay 1a phuong phép truyén thdng trude kia, yéu
cau kinh nghiém ctia chuyén gia cao, do chinh x4c thap, khong thé d4p dung cho mo hinh
thay ddi, hay véi tap dit liéu 16n. Tuy nhién ciing c6 mot sb uu diém nhu cac cong thiic tinh
toan c6 thé dudc tinh toan dé dang, chi phi thip, khong yéu ciu phan ciing cao.

e Phuong phap thi hai: nhan dang hinh anh dya trén dit liéu. Phuong phap nay doi hoi lugng
dit liéu ban dau 16n cung véi giai thuat hoc may phit hop d€ du dodn, phan loai. Tuy nhién
dbi véi cach tiép can nay c6 thé dam bao hé théng tu dong cip nhit cic quy tic nhan dang
ma khong can xay dung lai cong thic tinh todn méi. V6i su phat trién cong nghé nhu hién
nay thi viéc thu thap dif liéu da khong con 12 van dé nén cach tiép can nay hién trd thanh
hudng tiép can chinh trong thi gidc may tinh. Chinh vi thé day ciing 12 huéng ma nhém sé
di theo.

4.2 Cong cu st dung

Cung v6i su phat trién cta xi ly 4nh cdc cong cu phuc vu ciing dan dugc phat trién trong d6
phéi k& dén mot sd framework néi tiéng nhu caffe ciia UC Berkeley, Torch (NYU/Facebook),
Theano (U Montreal), TensorFlow (Google),...

Theo dinh hudng t6i sé sit dung TensorFlow dé hién thuc luan vin. Day 1a mot cong cu ma
ngudn mé ciia Google dudc hd trg rat manh - dé st dung. Hién tai, cong dong hién st dung n6
cang dudc md rong. Ngoai ra con st dung: OpenCV 3.4.4, Keras 2.2.4,...

Mot s6 khdi niém co ban can biét trong TensorFlowt:

e Scalar : s6 vd hudng hay cac s trong hé thap phan (5, 10, 7.2,...)

e Vector : 1a mt tap cac sd v huéng. S6 lugng s6 vo hudng 1a sb chiéu clia vector

e Matrix : gdm nhiéu vector c6 cung s6 chiéu.

e Tensor : pht trién Ién tli c4c khdi niém trén ta c6 dinh nghia tensor, mdi tensor n chiéu 1 1
tap céc tensor n-1 chidu c6 cung kich thuéc. Chang han Scalar Ia tensor 0D (0 Dimention
— 0 chiéu), Vector 1a tensor 1D, Matrix 1a tensor 2D... Tensor 1a cu tric di liéu dudc st
dung trong toan TensorFlow, dai dién cho tit ca céc loai dif liéu. Hay n6i cach khéc 12 tt
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ca céc loai dit liéu déu 1a tensor. Viéc trao d6i dif lidu trong qua trinh xt 1y chi thong qua
tensor. Hiéu don gian thi tensor 12 mang n chiéu hay list cong thém 1 vai thif thud vi khéc.
e Variable luu trang thdi (state) sau khi tinh toan do thi.

. 111 ] 1]
Scalar 10 Matrix 1 lezl 4o laz
7 3|13|3]3
21 324263 3| 3
8|s8|s8]|s

21165 8 | 23|86

1 —T 1T
Vector 2 7 Tensor ) ) ) )
3 0 3(3|3]s
8 4 8 8 8 8
9
1

Hinh 4.1: Mot s khai niém trong TensorFlow [[19]
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Chuong 5

Thuc nghiém va danh gia mo hinh

5.1 Chuén bi di liéu, nghién citu, phén tich deé tai

5.1.1 Chuén bi kién thiic nén tang

e Nghién ciiu cic cong trinh lién quan t6i dé thi ma minh dang thuc hién.
Lua chon hudng tiép can.

Hiéu dudc cin ban va cach hoat dong ctia mang CNN.
Hiéu dudgc kién tric nang cao ctia mang CNN ciing nhu cic vin dé va cich giai quyét cla
no.

Tim hiéu cong cu st dung TensorFlow

5.1.2 Nghién citu k§y thuét déi chuyén déng mat hién nay

C6 hai phuong phép dé theo ddi chuyén dong mat hién nay: Camera Video thong thudng va
Camera hong ngoai c6 dén LED hong ngoai. Camera hong ngoai dugc phit trién vi phan chiéu
dé€ dinh vi mat chinh xdc. Nhung v6i su phat trién ctia cic cong nghé mdi, diéu nay c6 thé dudc
thay thé bang mot s6 cach nhu nhan dang tinh ning bang cach sit dung mang no ron than kinh
tich chap (CNNs).

Camera hong ngoai- c6 dén hong ngoai: (infrared LED) 1a camera thong thudng dudc trang
bi thém céc dén hong ngoai c6 cdm bién 4nh sang tén tiéng anh 1a (light sensor). Cam bién nay
sé tu nhay néu diéu kién méi trudng thiéu sdng, khi bat cam bién hong ngoai sé bat 1én gitp
camera quay dudc nhiing canh trong béng t6i gitip hinh anh chinh xdc va 6n dinh nhung ton
nhiéu chi phi hon camera thong thuong.
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Figure A: The Two Major Gaze Tracking Methods

Method using the positional relationship bet
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a reference point (corneal reflection) and a moving

point (pupil)
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corner reflection pi reflection P
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infrared LED = high cost.

uracy. [EHigh accuracy.

Hinh 5.1: Camera Video thong thudng va Camera hong ngoai c6 dén LED hong ngoai.

TABLE1
CLASSIFICATION OF EYE MOVEMENTS

Eye movement Movement rate Latency/duration of Functionality/ Applications in Human
type occurrence Significance Computer interaction
Fixation <15 = 100 deg/ms 180- 275 ms Acquiring information,  Browsing information, reading,
Cognitive processing, scene perception
attention
Saccade 100- 700 deg/sec Latency-200 ms, duration: Moving between targets Visual search
20=200 ms
Smooth pursuit < 100 deg/sec based 100 ms Following moving Gaze based drawing, steering
on target speed targets
Scanpath - Scanning, direct search Assessing user behavior, user
interface and layout quality
Gaze duration - Cognitive processing, Item selection, text/number
conveying intent entry
Blink 12 -15 per min 300 ms Indicates behavioral Eye liveliness detection,
states, stress activate command/control
Pupil size 4-7 mm/sec 140 ms Cognitive effort, Assessing cognitive workload,

change

representing micro-
emotions

user fatigue, command/control

Hinh 5.2: Phan loai su van dong cua mat [5]
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dkrcf dl(

Reference

direction Head orientation

Qegare
Direction of eye gaze

Human eye R

Hinh 5.3: Mbi quan hé giita huéng nhin va tu thé dau [3]

—

Monitor Screen

Actual target
Error

Estimated
location

P
Eyeball
center

Hinh 5.4: So db ctia mot hé thong theo ddi hudng nhin. P 1a ddng i clia béng mit ngudi va G
1a vi tri phan chiéu dudc hinh thanh trén gidc mac, dudc chup trén mit phang camera Hinh anh
nay cho thiy 16i trong u6c tinh anh nhin ciing nhu do 1éch gitta cac vi tri nhin thuc té va udc
tinh. [5]]

Fovea

Center of corneal
curvature

Light source

. Kappa angle
Camera  Image of
. pupil center

.....
.y

— | Image of
Lo =~ glint center

-
-
-
-

.,
.,

surface

Human eyeball

Optical axis
Pupil center

Fig. 4a Fig. 4b
Hinh 5.5: M6 hinh 3D: a. M6 hinh béng mat ngudi, thong s6 mat va cac yéu tb thiét 1ap dudc
stt dung trong theo doi mat 3D. Truc quang dudc hién thi nhu 1a dudng thang nbi gilta tim clia
gidc mac v6i trung tAm dong ti mat. Truc thi gidc di qua fovea va tAm ctia dudng cong gidc mac.
Goéc Kappa 1a do 1éch goc gitta truc quang va thi gidc. b. Mot mo hinh phi cau cla gidc mac,
nhu mot bé mit ctia chuyén ddi vé truc quang ctia mat. [3]
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Hinh 5.6: Phuong phap dua trén hinh dang: Miu ctia mot ving mat: Xc, Yc, Ye dai dién cho
trung tAm ctia dong tif va mit tuong dng P1 va P2 1a tiéu di€ém ctia hai phan parabol va a, b, ¢
va 12 tham s, r 1a ban kinh ctia dong tir [3]

5.1.3 Chuan bi va xit Iy dir liéu

Thu thap xi ly dit liéu, tap dit liéu st dung trong dé tai:
e Chuan bi tap dir liéu MPIIFaceGaze:[13]]
DAi véi bai toan phat hién huéng nhin, ban dau nhan hinh 4nh dau vao 1a 4nh chi c6 mit
ngudi ma khong c6 nhiéu (khong c6 cac vat thé khac phia sau khudén mit). Tiép theo d6 xi
1y hinh anh d€ danh nhan anh huéng nhin trén khudn mit, dua vao mang tién hanh training
cho d& dua ra dau ra cho hinh 4nh bat ky.

0221.jpg 0222.jpg 0223.jpg 0224.jpg 0225.jpg
Kl Kl Kl Kl K=

0231.jpg 0232.jpg 0233.jpg 0234.jpg 0235.jpg

0241.jpg 0242.jpg 0243.jpg 0244.jpg 0245.jpg

Hinh 5.7: Tap di liéu anh MPIIFaceGaze.

e Chuin bi tap di liéu GazeCaptureEyeTracking:[21]]
Bo6 dit liéu bao gdm dit lidu cho cdc ddi tuong duy nhat. Mdi thu muc dudc danh sb dai dién
cho mot dbi tuong. Cac s6 dudc gan lién tuc.

Bén trong mdi thu muc 13 mot tip hdp cac hinh anh dudc danh sb lién tuc (trong thu muc
con ctia thu muc frames) va cic tép JSON chiia thong tin cho cic phan dif liéu anh trong
cuing thu muc. Nhiéu bién trong cic tép JSON 1a cac mang, trong d6 mdi phan tif dugc lién
két v6i khung (frames) dudc ddnh s6 giébng nhu chi muc.

Thong tin cac file Json:

+ appleFace.json, appleLeftEye.json, appleRightEye.json:

Céc tép nay md ta cac hop gidi han xung quanh khudn mit va mit dudc phét hién.
X, Y: Vi tri clia géc trén cuing bén trai ctia hop gidi han (tinh bang pixel).

W, H: Chiéu rong va chiéu cao ctia khung gi6i han (tinh bing pixel).
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00010 frames

frames appleFace. appleLeftEye. appleRightEye
json json .json
dotinfo.json  FfaceGrid.json  frames.json info.json

O O

motion.json screen.json

Hinh 5.8: Tap dit liéu anh GazeCaptureEyeTracking: thu muc frames chita cac file hinh anh, va
cac file Json.

00010 frames

01972.jpg 01973.jpg 01974.jpg 01975.jpg

01976.jpg 01977.jpg 01978.jpg 01979.jpg

-

ol
ol
.

01980.jpg 01981.jpg 01982.jpg 01983.jpg

-
-
-
-

01984.jpg 01985.jpg 01986.jpg 01987.jpg

o
-
<
o

01988.jpg 01989.jpg 01990.jpg 01991.jpg

Hinh 5.9: Tap di li€u anh GazeCaptureEyeTracking: céc file hinh anh trong thu muc frames.

+ dotInfo.json:

DotNum: S6 thi tu ctia ddu chim (bat dau tit 0) dudc hién thi trong khung do.

XPts, YPts: Vi tri trung tam cua dau chim (tinh theo diém; xem tai liéu screen.json bén
duéi dé biét thém thong tin vé don vi nay) tif géc trén cling bén trdi cia man hinh.

XCam, YCam: Vi tri clia tim di€m trong khong gian du dodn ctia ching t6i. Vi tri dudc do
bing centimet va lién quan dén trung tAm camera, gia st camera van & vi tri ¢b dinh trong
khong gian trén tt ca cac huéng cia thiét bi. Tic 13, cdc gid tri YCam sé am ddi vé6i cac
khung ché d6 doc (Pinh huéng == 1) vi man hinh ndm dudi camera, nhung céc gia tri sé
duong & ché d6 chan dung 16n ngudc (Dinh huéng == 2) vi man hinh nim phia trén camera.
Time: Thoi gian (tinh bang gidy) ké tit khi dAu chAm hién thi xut hién 1an dau tién trén
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man hinh.

+ faceGrid.json:

Céc gia tri ndy mo ta cic tinh ning dau vao "luéi mit", dudc tao ra tif cac phat hién khudn
mat. X, Y: Vi tri cia gdc trén cung bén trai cua hop mat (duge 1ap chi muc 1, trong luédi 25
X 25).

W, H: Chiéu rong va chiéu cao ctia hdp miit.

IsValid: Dt liéu c6 hop 1€ (1) hay khong (0).

+ frames.json:
Tén tép clia cdc khung (frames) trong thu muc khung. Thong tin ndy ciing c6 thé dudc tao
tir s thit ty dém tir O dén TotalFrames - 1 (xem info.json).

+ info.json:

TotalFrames: Téng sd khung cho chi dé nay.

NumPFaceDetections: S6 luong khung hinh trong d6 mot khudn mit dudc phat hién.
NumEyeDetections: S6 lugng khung hinh trong d6 mat dugc phat hién.

B0 dit liéu: "dao tao", "val" hodc "kiém tra" ("train," "val," or "test.")

DeviceName: Tén ctia thiét bi dudc st dung trong ban ghi.

+ motion.json, screen.json:
Thong tin vé ludng dif liéu chuyén dong va dinh hudng cia giao dién

5.2 Tién hanh thuc hién

Tir nhitng bic 4nh chup khuén mit ngudi thong qua cdc mo hinh c6 thé phat hién ra huéng
clia mit. Nhém chia huéng nhin ctia mit 1am 9 huéng va nham mit.

O

Hinh 5.10: Cac huéng nhin [1]

& © O

(¢
SECRS




5.2.1 Tap du liéu GazeCaptureEyeTracking

Phuong phap st dung hoc séau v6i mé hinh CNNs: Tir tdp hinh anh véi cac tép di liéu json ,
tién hanh training cho dé€ dua ra két qui. M6 hinh da thuc hién vé6i ciu hinh sau:

Python 3.6.7

OpenCV 3.4.4

Keras 2.2.4

TensorFlow 1.11.0

Train |

cut (

image —
with

json right.png
file

I'\
left.ong } l- output
—
Input
face.png I I
\ . B y

face grid

Hinh 5.11: M6 hinh CNNs st dung training tap dif liéu GazeCaptureEyeTracking.
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re_img_input)
activation) (h)
activation) (h)

ivation) (h)

rnm;lel ( outputs=out)
print( del :

right_eye input
right_eye net

left_eye input
left_eye net

ch, img_cols, img_rows))
e _input)

Hinh 5.12: M6 hinh (model) thyc hié€n phét hién anh nhin

note Eye-Tracking-for-Everyone-master » images

MName - Date modified Type
228 12/2 File folder
229 1 File folder
230 1 Filefolder s note Eye-Tracking-for-Everyone-master » images » 9
231 1 File folder
233 1 File folder
234 1 File folder
235 1 File folder
26 1 File folder m
a37 1 File folder
238 1 File folder facepng image.png
239 1 File folder
240 1 File folder
24 1 File folder
242 1 File folder
243 1 File folder left.png right.png
244 1 File folder
245 1 File folder
246 1 File folder
247 1 File folder
248 12, File folder

Hinh 5.13: Két qua nhan dugc tap anh chia cac hinh anh cit mat phai, trai

5.2.2 Tap du liéu MPIIFaceGaze

St dung két hop mo hinh don gian linear model dé train: X Iy hinh anh danh nhan 4nh
khudn miit, tién hanh training cho dé dua ra két qua. Mot s két qua nhan dudc:
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fhome/ngot ien/minicondad/ lib/pythond. 6/ site-packages/ipykernel launcher.py:Bl: DeprecationWarning: " imread  is depr

ecated!

“imread’ is deprecated in SciPy 1.8.8, and will be remowed in 1.2.8.

Use " imageio.imread ~ instead.

fhome/ngotien/minicondad/lib/pythond. 6/site-packages/ipykernel_launcher.py:6: DeprecationWarning: “imread’ is depre
cated!

‘imread’ is deprecated in SciPy 1.8.8, and will be removed in 1.2.8.

Use " imageio.imread ' instead.

[[8.81504441 &.81580493 6. 068797149 8.11920632 6. 11049283 8. 89218362
6. 18822566 B.2628B481 6.17B28333]]

<Figure size 432«2BB with 8 Axes=

Eotaom_right -
-

el

e feit

Hinh 5.14: Két qua thu dudgc (dit liéu anh MPIIFaceGaze).

[18.81500254 6.8159337 ©.06THOBE1 6.11078567 6.11973434 B, 6024151
B. 18876204 B.26345033 8.17507RUT]]

Hinh 5.15: Tap di liéu anh MPIIFaceGaze.
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5.3 Panh gia két qua, mé hinh

Trong qua trinh nghién ctiu, t6i da:
Hiéu dudc cin ban va cich hoat dong ctia mang CNN.
Hiéu dudc kién tric nang cao ctia mang CNN ciing nhu cdc van dé va cach gidi quyét
Tong hop, danh gid wu va nhudc diém clia cidch phuong phdp, cong nghé da va dang dudc
nghién cuu, st dung.
Tiép can vén dé theo nhiéu huéng khac nhau, cac nghién ctiu ky thuat doi chuyén dong mat
hién nay
Thuc hién mot sd phuong phép st dung hoc sau (CNN) d€ phat hién hudng nhin ciia con
ngudi qua hinh 4nh nhung d6 chinh xac chua cao do doi hdi yéu cau ky thuat cao (Ky ning
phan tich hinh dang mat, M6 hinh 3D, Camera,...)
Cubi cuing, toi dé xuat huéng phat trién tiép theo clia dé tai trong tuong lai: Phan tich hinh
4nh mat, cAu tric mat dong ti, didu chinh huéng camera,... ting d6 chinh xdc cta két qua,
phat trién thanh tng dung trén thiét bi mdy tinh, dién thoai c6 thé gitip ngudi khuyét tat
diéu khién céc thiét bi chi bang 4nh mat ma khong can dén doi tay, theo doi ngudi 1ai xe c6
thé phat hién kip thoi ngudi nay nga gat hay khong chi y khi 14i xe,...
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Chuong 6

Thao luan

Su phat trién nghién ctiu vé cong nghé theo di mat 1a mot xu huéng trong tuong lai gan.

Do6i mit va cac chuyén dong ciia chiing truyén dat su chii y ctia cht thé va dong vai tro trong
viéc truyén dat thong tin va cdm xiic. Do d6, chiing rit quan trong d6i v6i mot loat cac tng
dung, bao gdm sy tuong tac gilta con ngudi va mdy tinh dua trén su quan sat, gidm sat hanh vi
truc quan... Mot s6 ting dung trong nganh thi gidc may tinh (computer vision) lién quan dén mat
bao gdm viéc wdc lugng mat: xac dinh ndi ai d6 dang tim kiém, nhin dién ngudi qua ciu tao
mat (m6ng mat, mi mat,...).

Khoa hoc vé mat 1a mot tiém ning 16n, c6 nhiéu ing dung trong tuong lai. Theo doi bang
mat sé trd thanh mot cong cu hd trg quan trong trén nhiéu linh vuc. N6 gii phéng ban tay con
ngudi trong mot s6 pham vi, 1am cho cong viéc hiéu qua hon.
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