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MO DAU

Gidc ngu dong vai tro thiét yéu dbi vai sirc khoe thé chat va tinh than ctia con
ngudi. Khi chit luong hodc thoi lwong gide ngu khong duge dam bao day da, mot
trong nhitmg hau qua d& nhan thiy nhét 13 tinh trang mét méi (fatigue) va budn ngi
(drowsiness) trong cac hoat dong doi hoi su tap trung cao nhu lai xe. Nhiéu nghién
cuu da chi ra réng ap luc cong viéc, st dung thiét bi dién tir (may tinh, dién thoai
thong minh,...) kéo dai va thoi quen sinh hoat thiéu khoa hoc 1a nhiing nguyén nhan
tryc tiép dn dén thiéu ngu (sleep deprivation), tir d6 lam ting dang ké nguy co budn
ngu khi diéu khién phuong tién giao thong. Trong bdi canh giao thong hién dai, budn
ngu va mat tinh tao khi 1ai xe duoc xem 1a mot trong nhitng nguyén nhan quan trong
gay ra tai nan giao thong. Tai xé c6 thé ¢ cac biéu hién nhu: mat nham lau, tan suat
chép mit ting, gat ddu, phan xa cham v&i tinh hudng bat ngo... nhung ban than ho
khong ¥ thirc duoc muic do nguy hiém cua tinh trang nay. Nhitng khoang thoi gian
mat tip trung chi kéo dai vai gidy ciing dii gy ra va cham v&i thiét hai 16n vé nguoi
va tai san. D¢ an nay tap trung nghién ctru va xay dung mot hé thong theo ddi mat
nham phét hién tinh trang budn ngu cua tai xé dua trén hinh anh thoi gian thuc. Hé
théng tan dung uu thé cua thi giac may tinh va cac mo hinh hoc sau dé nhan dién
khuon mit, xac dinh vi tri mét, phan loai trang thai mit (mé/nham) va cubi cung tinh
toan chi s6 PERCLOS dé danh gia mtrc d6 budn ngt. Muc tiéu cudi cung 13 dva ra
canh bao kip thoi, hd trg nguoi l4i phong tranh tai nan do mét tap trung. V& mit k¥
thuat, dé tai st dung két hop mang no-ron tich chap xép tang da nhiém (Multi-task
Cascaded Convolutional Networks — MTCNN) dé phat hién khuon mit va vi tri mat,
cing mang no-ron tich chap (Convolutional Neural Network — CNN) dé phan loai
trang thai mat. Thong tin trang thai mét theo chudi thoi gian duoc dung 1am dau vao
cho thuat toan PERCLOS, tir d6 wdc lugng mirc do budn ngii va phat canh bao phu
hop. Viéc khai thac kha nang xtr ly cua Al trong mot bai todn cd y nghia xa hoi nhu

an toan giao thong 1a dong lyc chinh dan dén viéc lva chon va thuc hién dé tai nay.



CHUONG I: GIOI THIEU PE TAI
1.1. Gi6i thiéu dé tai
Dé tai nghién ctru hé thdng theo ddi mat nham phat hién sém dau hiéu budn
ngu/mét tinh t4o cua ngudi lai. Hé théng hudng téi kha ning hoat dong gan thoi gian
thuc, Xuat canh bao khi nguoi 1ai c6 biéu hién nham mat kéo dai hozc tan suat nham

mét bat thuong.

1.2. Ly do chon dé tai

Pé tai duoc lya chon do: tinh hinh c4p thiét vé an toan giao théng; kha ning
ing dung cua thi giac may tinh va hoc sau trong giam sat ngudi l4i; tiém ning trién
khai rong réi nho cam bién camera phé bién va chi phi thap.
1.3. Muc dich nghién ciru

Muc dich 13 xay dung mé hinh va hé thong cd kha nang: Pau tién la phat hién
khubn mit va dinh vi viing mat. Tiép theo phan loai trang thai mat ma/nhiam 6n dinh.
Sau d6 tinh toan muc do budn ngi theo thoi gian bang PERCLOS. Cubi cung dua ra

canh béo pht hgp nhiam hd tro nguoi lai.

1.4. Poi twong nghién ciru

Péi tuong nghién ctu 1a dix liéu hinh anh/video khudn mit nguoi l4i trong
cabin xe (hoic méi truong tuong tu) va cac dic trung lién quan dén mat (46 mo mi,
chudi trang thai ma/nham theo thoi gian).
1.5. Phwong phap nghién ciru

Dé tai sir dung phuong phap tiép can tong hop, két hop co sd 1y thuyét vé thuc
nghiém trén dit liéu va trién khai hé thong dé danh gia. Pau tién nghién ctru cac Iy
thuyét lién quan dén sy mat tinh tao khi lai xe. Tiép theo 1 nghién ciru vé céac kién
thirc cua mang no-ron tich chéap, kién tric MTCNN, cung sac thuat toan tdi wu khac.
Sau d6, s& thu thap va xtr 1y dit liéu va dung dir lidu d6 dé xay dung va huan luyén
mo hinh. Cudi cing, tac gia phan tich két qua, chi ra cic han ché, tir 46 dua ra cac

huéng phat trién ké tiép cho hé théng






CHUONG 2: CO SO LY THUYET VA NGHIEN CUU LIEN
QUAN
2.1. Khai niém budn ngi va cac biéu hién sinh ly

Budn ngu khi 14i xe thudng di kém cac dau hiéu nhu: giam tan suat chop mat
binh thudng, ting thoi gian nham mét, nhin lo ding, phan wng cham va c6 thé xuit
hién micro-sleep. Trong cac dau hiéu thi giac, trang thai mét 1a tin hiéu d& quan sét
va ¢6 trong quan manh véi mac do buon ngu.

2.2. Cac phwong phap phat hién budn ngi hién cé:

Céc phuong thirc nhan biét budn nga dugc biét dén c6 thé chia thanh ba nhom
chinh: dya trén tin hi€u sinh 1y, dya trén hanh vi diéu khién xe va dua trén thi giac
may tinh. Mdi nhom c6 nhiing wu va nhuoc diém riéng, va viéc lua chon hudng tiép
can nao can dua trén yéu cau ung dung, mac do chép nhan thiét bj do dac cling nhu
chi phi trién khai.

Nhém dau tién dua trén tin hiéu sinh Iy (EEG, EOG, nhip tim...): d6 chinh xac
cao nhung xam 1an va kho trién khai rong réi.

Nhom thir hai dua trén hanh vi diéu khién xe (léch lan, goc v6 lang...): khong
xam lan nhung phuy thudc bdi canh va cam bién xe.

Nhom thir ba dya trén thi giac may tinh (khuén mat, mat, ngap, tu thé dau...):
phU hop trién khai véi camera, nhung nhay véi anh séang/che khuat.

2.3. Thuat toan PERCLOS

Wierwille et al. [13] da phat trién PERCLOS nhu mot chi s6 do luong tinh trang
budn ngu. PERCLOSURE dugc dinh nghia 13 ty 1¢ phan trim thoi gian ma mi mat
khép lai qua dong tir it nhat 80%. Cac gia tri PERCLOS c6 thé dugc tinh bang cach
su dung chudi video lién tuc caa hinh 4nh mét [6]. Dé tinh toan duoc chi sé PERCLOS,
nhiéu phép do phai dugc hoan thanh. Pau tién phai nhan dang dugc khudn mit trong
khung hinh, sau d6 1a xac dinh va trich xuét hinh anh mat. Tiép theo s& xac dinh mit

dang & trang thai md hay nham. Tir chudi két qua phan loai, trong mot khoang thoi



gian xac dinh gdm E, Ian dém mit, hé théng dém dwoc E, s6 1an nhim mét. Tir d6
gia tri PERCLOS duogc tinh nhu sau:

Cong thitc: PERCLOS = g—t (2.3)

Néu gia tri PERCLOS cang cao thi thoi gian mét ¢ trang thai nhim cang nhiéu,
tir 46 mirc d6 budn nga cang nghiém trong. Nhiéu thir nghiém thuce té cho thiy khi
PERCLOS vuot qua mot ngudng nhét dinh, nguy co x4y ra sai sot, phan tmg cham,
hodc ngu gat trong khi 14i xe tdng manh [6], [16].

2.4. Mang no-ron

Mang no-ron nhan tao mé phong co ché hoc dua trén trong s6 va ham kich
hoat. Qué trinh huan luyén ti uvu tham sb bang lan truyén nguoc (backpropagation)
nham giam ham mat mat, tir &6 mé hinh c6 kha ning dy doan nhan cho dit liéu méi.
2.4.1. Cdc thanh phan trong mang no-ron

M6t mang no-ron nhan tao duoc hinh thanh tir cac don vi tinh toan (units), 1ay
¥ tudng tir no-ron sinh hoc. MJdi don vi nhan cac tin hiéu dau vao co thé dén tir dit
liéu bén ngoai hoac tur dau ra cta cac don vi & 16p trude. Cac don vi nay duogc két ndi
v6i nhau théng qua cac lién két (connections), mdi lién két mang mét trong sb
(weight) thé hién muc anh hudng cta dau vao tuong tng 1én dau ra.

Dudi goc do toan hoc, qua trinh xir 1y tai mot no-ron c6 thé duogc dién ta nhu
sau. Gia sir x 1a vector dau vao, W 1a vector trong $6 tuong tng va b 1a do 1éch, gia
tri hoat hoa tuyén tinh a duoc tinh theo cong thirc:

a=WJI+b (2.1)

W,I 1a ma tran chuyén vi ctia trong s6. Gia tri a nay chua phai 1a dau ra cudi
cung; & bude tiép theo, a duge truyén qua mot ham kich hoat phi tuyén tao ra dau ra
y.

Céc no-ron dugc to chirc thanh ting 16p: 16p dau véo (input layer) nhan dir
liéu tho, mot hodc nhiéu 16p an (hidden layers) dam nhi¢m trich xuét va bién d6i dic

trung, va 16p dau ra (output layer) sinh ra két qua cudi cung. (Hinh 2.1)



Ham kich hoat 13 mot phan khong thé thiéu trong tirng ro-ron, quyét dinh cach
gi4 tri hoat hoa tuyén tinh a dugc bién d6i thanh dau ra y. Néu bo qua ham kich hoat
hodc chi sir dung cac ham tuyén tinh, toan bd no-ron du cé nhiéu 16p ciing van chi
nhu mot phép bién ddi tuyén tinh ciia ddu vao, khong du kha nang biéu dién cac quan

hé phi tuyén phirc tap trong dit liéu.
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Hinh 2.1: M{t don vi trong mang No-ron
Bén canh ReLU, ham sigmoid cling 1a mot ham kich hoat kinh dién, thuong
xuat hién trong 16p dau ra clia cac bai toan phan loai nhi phan. Ham Sigmoid thudng
dung dé chi ham logistic, goi 1a logistic sigmoid function. Ngoai vai trd 12 ham kich
hoat trong cac 16p an, sigmoid con hitu ich trong nhiéu thuat toan hoc may khac, dac
biét khi can chuyén d6i mot dai luong thanh gia tri xac suat. Khi dugc st dung & 16p
dau ra ctia md hinh, ham sigmoid giup chuyén doi két qua dy doan thanh mot diém

xac suét (likelihood score) dé dién giai va thuan loi cho qua trinh ra quyét dinh.

1.0 { == Sigmosd function of x

Hinh 2.3: Ham Sigmoid



Céc don vi (units) trong mang no-ron duoc sip xép thanh cac nhom goi 13 Iép
(layers). Trong mdi 16p, cac don vi khong két ndi truc tiép véi nhau; thay vao do,
chung chi lién két v6i cac don vi thude 16p trude va 16p sau. Mot mang no-ron théng
thuong bao gém ba loai 16p (Hinh 2.4): 16p dau vao (input layer), 16p an (hidden

layers) va 16p dau ra (output layer).

Input Hidden Layer Output
X, I
\/
X2
Xn M Wi
W;

Hinh 2.4: Cac 16p ciia myt mang no-ron



2.5. Mang no-ron tich chap (CNN)

CNN dic biét pht hop véi dir liéu anh nho co ché tich chap va chia sé trong
sb, gitp trich xuét dic trung cuc bo (bién, géc, texture) va hinh thanh biéu dién phan
cap.

2.5.1. Cdc thanh phan ciia mang no-ron tich chip

Vé téng thé, mot mang no-ron tich chap tiéu chuan thuong bao gém ba nhom
16p chinh: Lép tich chdp (Convolution layer — Conv layer), Cac 16p gop (Pooling
layer), Céac 16p két nbi dy du (Fully Connected layer).

Nhiing 16p nay duoc sip xép thanh nhiéu tang ndi tiép nhau, tao thanh mot
kién trac sdu c6 kha ning hoc biéu dién phéan cap cua dir liéu: cac 16p & gan dau vao
tap trung vao nhitng dic trung cuc bd don gian, con cac 16p & giai doan sau tong hop
cac dic trung ndy thanh nhitng biéu dién triru tugng hon.
2.5.1.1. Lop tich chdp (Conv layer)
2.5.1.2. Cac lop gop (Pooling layer)
2.5.1.3.Cdc I6p Két noi day di
2.5.2. Kién triic mang no-ron tich chdp

Trong mdt mang no-ron truyén thang thong thuong, mdi no-ron dau vao duoc
két ndi v6i mdi no-ron ddu ra trong 16p tiép theo. Kién truc thuong xép chong céc
khdi conv—ReLU—pooling, sau d6 dua qua cac 16p dense dé dy doan xac suat thuoc
l6p (softmax/sigmoid). Do sau va sé luong kernel dugc can chinh dé dat can bang
giita @ chinh xéc va chi phi tinh toan Theo Hinh 2.7, chung ta c6 thé thay kién trac

co ban ciia CNN dé phat hién 6 t6 trong hinh anh.

Input ConV1 RelLU  ConV2 Pooling FC output




Hinh 2.7: Kién tric co ban ciia Mang No-ron Tich chép.
2.5.3. Huédn luyén mang no-ron tich chdp

Huén luyén mang no-ron tich chap vé ban chat 1a qua trinh diéu chinh trong
s6 cua timg no-ron dé thu duoc mot mo hinh c6 kha ning tong quat tbt trén dit liéu
méi. Ban dau, cac trong s6 ciia CNN duoc khoi tao ngau nhién. Khi mot anh duoc
dua qua mang, mo hinh sinh ra du doan & 16p dau ra; du doan nay duoc so sanh véi
nhan dung dé tinh toan ham mat mat (loss).
2.6.Mang No-ron Tich chip xép ting da nhiém ( Multi-task Cascaded
Convolutional Networks)

Trong khi co nhiéu phuong phap phat hién khuén mat [20][19][10][26][25], nhung
MTCNN (Multi-task Cascaded Convolutional Networks - Mang No-ron Tich chép
Xép tang Pa nhiém ) dugc sir dung trong nghién ciru nay vi hai Iy do. Mot mit, nd
dat dugc do phat hién chinh xac cao (high detection accuracy), va mat khac, mé hinh
FaceNet da cung cap sin giao dién MTCNN dé phét hién khuon mit.

2.6.1. Mang Dé xudt (Proposal Network - P-NET)

P-Net 1a mot mang no-ron tich chap day du (Fully Convolutional Network -
FCN). Ban do dic trung (feature map) ctia ham truyén thang (forwarding propagation
function) 12 mot vector dic trung 32 chiéu (32-dimensional feature vector) tai mdi
diém. N6 dugce dingdé quyét dinh xem cac 6 ludi 12x12 c6 chira khuon mit hay

khéng.
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Hinh 2.8: MTCNN:Céc bwée ma kién triic chudi ting thwe hién dé dam béo hiéu
suét tot nhat trong viéc phat hién khudn mit nguwoi va hoi quy hdp bao
(bounding box regression).

2.6.2. Mang Tinh chinh (Refine Network - R-NET)

R-Net 1a mang con tha hai, hoat ddng nhu mdt b loc tinh, nhén dau vao la
cac hop dé xuét tir P-Net di duoc cit va chuin hoa kich thudce. Céu trac cia R-Net
phtre tap hon P-Net, véi nhiéu 16p tich chap va cac 16p 4n hon, cho phép hoc duoc

cac dic trung phan biét tot hon giita ving c6 khudn mit va ving nhiéu.
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2.6.3. Mang Dau ra (Output Network - O-NET)

O-NET giup cai thién d6 chinh xac (improve precision). N6 la mot CNN don
gian; Hop gidi han dugc tao ra bdi budc P-Net co thé chira hodc khong chira khuon
mat nguoi. O-Net danh gid sy hién dién cua khudon mat nguoi. Khi mot khuén mat
duogc chira dung (dugc xac nhan), hop gidi han duge hdi quy va trai qua cdp do NMS.
2.6.4. Kién tritc ciia MTCNN

Trong md hinh MTCNN dang xép ting, mdi giai doan sir dung mot kién tric
16p riéng vai sb lwong 16p va cac b loc tich chap (Conv filters) khac nhau, nhung
déu tao ra ba loai dau ra giéng nhau. Pau tién 12 dau ra phan loai khuén mat, trong
dé hai no-ron dugc st dung dé tao ra diém phan loai: mdt no-ron xac dinh sy hién
dién cta khuon mit va no-ron con lai thé hién muc do tin cay hay thir hang. Tiép theo
13 dau ra hdi quy hop gioi han. Cudi cung, mo hinh con thuc hién dinh vi céac méc
khuon mit thong qua viéc hdi quy ndm diém quan trong gdm mét phai, mat trai, khoe
miéng phai, khoée miéng trai va mii, gilp tang cuong do chinh xac trong viéc nhan

dién va theo doi dac trung khuon mat.

NN —]

input size
24x24x3

\ \II Ix l
-, w
|

l“ 3x3x16 1 Tix11x28 AxAx48 3x3x64 12

D-“- 6{

Hinh 2.9: Kién tric cia MTCNN
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CHUONG 3: THIET KE HE THONG

3.1.Phén tich hé thong
3.1.1. Yéu cdu ciia hé thong
3.1.2. Phén tich lwa chon kién tritc hé thong
3.1.3. Phan tich luéng xir Iy va twong tic giita cdc module
3.1.4. Pdnh gid va nhin xét vé thiét ké hé thong
3.2.M6 hinh tong thé ciia hé thong

Hé thdng duoc thiét ké theo pipeline xir Iy khung hinh (frame) tir camera dén
quyét dinh canh béo. Ludng xu Iy gdm 4 khéi: (1) thu nhan hinh anh; (2) phéat hién
khudn mit va landmark bang MTCNN; (3) trich xuat viing mat va phan loai
mé/nham bang CNN; (4) tinh PERCLOS theo cira s6 thoi gian va kich hoat canh

:>[ @ I;ATCNN‘=>[ m 'CNN H@Pékcms]

Hinh 3.1: So' @6 khoi h¢ thong
3.3. M6 ta chi tiét tirng thanh phan

bao.

[m Camera

Muc nay trinh bay day da va chi tiét kién trac cling nhu chtrc ning cia bdn
thanh phan cdt 18i trong hé thong phat hién budn ngi ciia nguoi 1ai, bao gom Camera,
MTCNN, CNN va module tinh toAn PERCLOS. Mdi thanh phén cO mot vai tro doc
1ap nhung c6 su lién két chat ché dé dam bao hé théng van hanh tron tru va chinh xac
trong thoi gian thue.

3.3.1. Camera — Thiét bi thu nhdn hinh anh thoi gian thwe

Camera thu khung hinh lién tuc (thir nghiém ¢ mac 24-30 fps) va cung cap

dau vao cho hé théng. Trong trién khai, khung hinh dugc truy xuat bang OpenCV; vi

tri camera can dam bao ving mat da rd ¢ cac diéu kién anh sang khac nhau
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3.3.2. MTCNN — Phadt hién khuon mdt va xdc dinh landmark mdt

MTCNN phét hién khudn mit trén ting khung hinh, ddéng thoi tra vé 5
landmark gitip xac dinh chinh xé&c vi tri mat. Néu mot khung hinh khéng phat hién
duoc khudn mat, hé théng c6 thé bo qua hoic dung trang thai gan nhat dé tranh nhiéu.
3.3.3. CNN — Phin logi trang thdi mdt (mé hodic nhim)

Viing mat sau khi cat va chuan héa duge dua vao CNN dé dy doan nhan nhj
phan. M6 hinh CNN dugc thiét ké gon nhe dé phu hop suy luan gan thoi gian thyc,
ddng thoi dam bao d6 chinh xac cao khi ¢ nhiéu/che khuét.

3.3.4. PERCLOS - Tinh todn mirc d¢ buén ngi

Thanh phan cudi cing trong chudi xir 1y 1a module PERCLOS, b phan chiu
trdch nhiém chuyén d6i chudi trang thai mit theo thoi gian thanh mot chi sb6 dinh
luong vé mirc do budn ngr. Chudi nhdn mat theo thoi gian duoc tong hop trong mot
ctra SO quan sat dé tinh PERCLOS va suy ra muc d6 buon ngi.. Theo thiét ké ngudng
trong dé an: PERCLOS 0-18% duoc xem 1a binh thuong hodc mét nhe; 19-25% thé
hién nguy co budn nga rd hon va can canh bao; tir 26-30% (hoic trén 30%) thé hién

rui ro cao (micro-sleep/ngu gat) va kich hoat canh bdo manh.
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CHUONG 4: XAY DUNG VA TRIEN KHAI HE THONG

Hé thong phat hién budn ngu bang thi gidc may tinh can dugc xdy dung nhu
mot chudi xur 1y co td churc, trong do mdi budc déu phuc vu truc tiép cho muc ti€u
cudi cing 1a danh gia dung mirc d6 budn ngu va dua ra canh bao kip thoi. Trong dé
tai ndy, giai phap dugc xay dung bao gdm hai budc. Budc dau tién 1a xay dung tap
dit liéu va thuc hién tién xur ly dé tao ra cac anh mét co chat luong va dinh dang phu
hop cho mé hinh hoc sdu. Budc thir hai 14 phat trién mo hinh budn ngu dya trén su
két hop gitta MTCNN, CNN va thuat toan PERCLOS, tir d6 tao nén mot hé théng
theo doi mat c6 thé hoat dong gan thoi gian thuc. Hai budc nay dugc thé hién trong
céc so d6 khdi ¢ Hinh 4.1 va Hinh 4.2, minh hoa rd ludng xir 1y tir dir lidu tho cho

dén tin hi¢u canh bdo budn ngu gui té1 nguoi lai.

Step 2. CNN training
model

Step 1. Face detection and
alignment network

e
landm rk

Hinh 4.1: Cac budrc tong thé ciia B dix liéu va Tién xir Iy
Budce 1 bao gom khudn mat va di€m moc dé tiép can, trang thai mé mat va

budc 2 bao gdm mo hinh budn ngu.

Step 1. Face detection and Step 2. Apply Model Step 3. Calculate Ratio
alignment network i we tramed Drowsiness of Driver

Hinh 4.2: Cac buéc tong thé ciia mé hinh phat hién budn ngi
Budc 1 nhan dién khuén mat bao gém khuén mat va diém mdc cua mét va
budc dp dung mé hinh budn ngii. Bude 3: St dung PERCLOS dé canh bao budn ngi.
Trong tAm ctia chuong nay 1a trinh bay chi tiét tap dir liéu va cac budc tién xir
1y, kién trac mang no-ron tich chap dung dé phat hién budn ngu, cling nhu mo ta cach

trién khai hé thong theo d5i mét phat hién budn ng. Cubdi chuwong, cac két qua thi



nghi¢m vé tdc do xur 1y, d6 chinh xé&c va kha nang trién khai thuc té s& dugc thao luén,
qua d6 danh gia mtc do dap ung cua hé thong ddi véi cac yéu cau dit ra & nhitng
chuong trude.

4.1. Tap dir liéu va Tién xir Iy (Datasets and Preprocessing)

4.1.1. Tap dii liéu (Datasets)

Dit liéu ban dau ma hé thong thu duoc 1a dit liéu tho dudi dang anh hoic video,
va ban than may tinh khong thé hiéu truc tiép ¥ nghia cua nhiing dit liéu nay néu
chung khong dugc to chitc va gan nhan mot cach thich hop.

Mo hinh hoc sau trong dé tai nay duoc phat trién trén co so cac anh mat da
duogc cit va tién xtr Iy. Cac anh nay xuat phat tir ngudn chinh 12 tap dir liéu mat duoc
thu thap tir Internet:

Dit liéu Internet: bo sung céc tap dir liéu mét va video pho bién nhu CEW
(Closed Eyes In The Wild), NTHU-DDD va YawDD, UTA-RLDD (UTA Real-Life
Drowsiness Dataset); dong thoi tham khao MRL Eye Dataset dé ting do da dang.

s0012_ 0‘&054 0_1.0_2_1_01 50014 04'371 0_0_1_0_1_03 s0037_08976_1_1_1_0_0_01

Hinh 4.4: MRL Eye Dataset

Viéc két hop tap dit liéu sinh vién voi MRL Eye Dataset gitip ting dang ké s6
lrong mau huin luyén va kiém thir, ddng thoi lam phong pht thém cac kiéu mit, diéu
kién anh sang va goéc chup, qua d6 nang cao kha ning téng quat héa ciia mo hinh
phan loai mat.

4.1.2. Tién xir Iy (Preprocessing)

Quy trinh tién xir 1y duwoc thuc hién nhat quan cho ca video va anh tinh:
- Téch khung hinh tir video (¢ phan giai nguon thir nghiém 2560x1820) voi
téc do trich xuat 24 khung hinh/giay.
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- Phat hién khudn mat, cit viing mét va chuan hoa kich thuéc anh mét vé
56x64 pixel dé thong nhat dau vao cho CNN.
- Chuyén anh mau sang mutc xam (grayscale) nham giam sé kénh dix liéu va
tap trung vao dic trung hinh hoc/dd sang viing mi mit.
- Chuan héa gié tri pixel (vi du dua vé [0,1]) va td chirc dir liéu theo thu muc
nhén “mé”/“nham”.
- Chia dir liéu thanh train/validation/test: tap huan luyén >35.000 khung hinh
mat mo va 35.000 khung hinh mat nham; tap danh gia khoang 5.000 ma + 5.000
nham; tap kiém thur 10.000 mo + 10.000 nham.
4.2. Mang No-ron Tich chip dé Phat hién Budn ngii

CNN trong dé an dugc xay dung theo kién trac dién hinh: nhiéu 16p tich chap két
hop ReLU dé trich xuat dic trung cuc bo, xen k& cac 16p max pooling dé giam kich
thude va tang tinh bén viing. O phan cubi, dic trung duoc 1am phang va dua qua
16p két ndi day du dé phan loai hai trang thai “mat mo” va “mat nhim”
(softmax/sigmoid).

Trong giai doan huan luyén, mé hinh duoc tinh chinh cac siéu tham s (téc do

hoc, sb epoch, batch size, sb kernel...) dé dat d6 hoi tu tot. D& an tan dung Google
Colab v&i GPU K80 dé rit ngan thoi gian huan luyén; két qua hoc cho thay do chinh

xac vuot 90% va duong hoc on dinh.

Hidden
utpuLs

urits o
512 ]

e ature Hidden
na units
a 7168
tten Dense

axpooling 2D Maxpooling2D Maxpooling2D Fla Dropout
nel 2x2 kernel 2x2 kemel

Hinh 4.6: M6 hinh CNN dao tao hé thong theo d6i mit dé phat hién tinh trang budn

ngu khi lai xe
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4.3. Hé thong Theo déi Mt Phat hién Budn ngi (Drowsiness Detection
Tracking Eye System)
4.3.1 Phdt hién Khuén mdt bang Mang No-ron Tich chdp Xép ting Da nhiém
vu (MTCNN)

Trong van hanh, mdi khung hinh duoc dua qua MTCNN dé phét hién khudn
mit va xac dinh landmark. Ving mét duoc cit theo vi tri landmark nham giam anh

huong cta goc mat va thay doi vi tri..

Hinh 4.12: MTCNN @é trich xuat hop giéi han ciia khuén mit
4.3.2. Mang No-ron Tich chdp Phdt hi¢n Trang thdi Mt (Convolutional
Neural Networks Detect Eyes Status)

Hai anh mat (trai/phai) sau tién xtr 1y dugc CNN phan loai. Két qua phan loai
theo tirng khung hinh duoc luu dé tinh PERCLOS theo ctra s6 thoi gian.
4.3.3. PERCLOS va Canh bao (PERCLOS and Alert)

Hé théng dém s6 khung hinh méit nhidm trong ctra s6 quan sat va cap nhat
PERCLOS lién tuc. Dya trén ngudong PERCLOS, h¢ théng hién thi trang thai
(awake/drowsy) va kich hoat canh bao (Am thanh/thdng bao man hinh) khi can
4.4. Két qua thi nghiém

Céc két qua cua thi nghiém
Két qua do tdc do xur ly cua hé thdng khi: chi sir dung camera, khi két hop véi MTCNN va

TensoFlow va khi két hop MTCNN véi Pytorch.
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Bang 4.1: FPS khi chay thir nghiém hé thé'ng.

Kiém tra FPS
Tuong hop Khung hinh | Thoi gian | FPS
Camera binh thuong 100 3.8333(s) | 26-27
Camera st dung MTCNN v6i TensorFlow 100 28.333(s) |3-4
Camera str dung MTCNN véi PyTorch 100 10.667(s) |9-10

Két qua do hiéu ning cua hé thong véi hai truong hop khong deo kinh va co

deo kinh
Bang 4.2: Kiém tra truong hop phat hién buén ngiu.
Trudng hop thir nghiém
Truong hop Accuracy Precision Recall F1-score
Khong deo kinh 92.852% 92.722% 93.237% 92.961%
beo Kinh 90.469% 90.446% 90.446% 90.473%

Hai bang sau so sanh hiéu ning cua hé thong dugc dé xuat voi ba md hinh khac 1a:

EAR + DIlib + ngudng, Haar Cascade + heuristics, MobileNetV2 transfer learning.

Bing 4.3: So sanh cdc mé hinh khi doi twong khong deo kinh

M6 hinh Accuracy Precision Recall F1-score
MTCNN- 92.852% 92.722% 93.237% 92.961%
CNN-

PERCLOS

EAR + Dlib + 88.235% 87.308% 89.216% 88.253%
ngudng

Haar Cascade 86.436% 85.333% 87.463% 86.233%
+ heuristics

MobileNetV2 90.223% 93.333% 85.667% 89.335%
TL cho mat

Bing 4.4: So sanh cdc mé hinh khi doi twong c6 deo kinh
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M®& hinh Accuracy Precision Recall F1-score
MTCNN-

CNN- 90.469% 90.446% 90.446% 90.473%
PERCLOS

EAR + Dlib | 81.683% 81.212% 82.677% 82.013%

+ ngudng

Haar Cascade | 80.454% 79.587% 80.777% 80.152%

+ heuristics

MobileNetV2 | 88.215% 93.127% 84.416% 88.515%

TL cho mét

Tir hai bang so sanh, c6 thé két luan MTCNN-CNN-PERCLOS cho hiéu ning

tong thé tot va on dinh hon trong ca hai diéu kién. Viéc két hop phat hién/can chinh

viing mat bang MTCNN, phan loai bang CNN va tong hop theo thoi gian bang

PERCLOS gilp giam anh huéng cua nhiéu theo ting khung hinh, nhd @6 phu hop

hon véi bai toan phat hién buon nga trong béi canh thyc té, dac biét khi ¢é cac yéu to

gay nhidu nhu deo kinh va bién thién anh sang.
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KET LUAN

Toém lai, hé thong theo ddi mat phat hién tinh trang budn ngi ctia ngudi 14i xe
trong dé tai dugc xay dung trén co so két hop nhiéu mé hinh mang no-ron, trong d6
trong tim 1a Mang no-ron (NN), Mang no-ron tich chap (CNN) va Mang no-ron tich
chap xép tang da nhiém (MTCNN). Luén vin d trinh bay rd kién tric, co ché hoc va
cach 4ap dung cac mo hinh nay cho mot bai todn hoc cé giam sat, tir khau phat hién va
can chinh khuén mit, trich xuét viing mat cho dén phan loai trang thai mat mé/nham
va tinh toan chi s PERCLOS dé danh gia muc do budn ngd. Trén co s¢ do, mot
ludng xir 1y hoan chinh cho hé théng da duoc dé xuat, trong d6 mdi mé hinh dam
nhan mot nhiém vy cu thé va phat huy duoc thé manh riéng, gop phan nang cao hiéu
qua tong thé ctia hé thong. Cac két qua thuc nghiém cho thay mé hinh két hop dua
trén MTCNN va CNN dat hi¢u nang tdt hon so véi viéc st dung riéng 1¢ cadc mo hinh
no-ron co ban, ca vé do chinh xac phén loai trang thai mat va kha nang theo ddi buén
ngu trong chudi thoi gian. Piéu nay khang dinh tinh pht hop ciia hudng tiép can st
dung két hop nhiéu mang no-ron chuyén biét trong cing mot hé thong. Tuy nhién,
bén canh nhiing két qua dat duoc, hé théng van coOn ton tai nhirng han ché nhét dinh
can tiép tuc duoc nghién ctru va hoan thién trong twong lai.

Vé hudng phat trién, trudc hét can chi trong dén kha niang mé rong va trién
khai thyuc té. Hé théng hién mo1 dung lai & mutc cai dat dudi dang ma nguén chay trén
may tinh c4 nhan; trong cac nghién ctru tiép theo, viéc nhung (embed) mé hinh vao
céc nén tang phan ctng nhu thiét bi di dong, hé thong giai tri trén 6 to hodc cac bo
diéu khién nhing chuyén dung s€ dugc xem xét. Khi do, hé théng 6 thé hoat dong
truc tiép trén phuong tién, giam sat lién tuc trang thai mé¢t moi cua nguoi lai va dua
ra canh bao kip thoi, ddng thoi ¢ thé tich hop thém cac chie ning hd trg nhu goi v
diém dung nghi, nha nghi phu hop gitip tai xé tam thoi nghi ngoi trude khi tiép tuc
hanh trinh, gop phan giam thiéu nguy co tai nan giao thong. Bén canh kha ning trién
khai, d0 chinh xac cua hé théng cling 1a yéu td can duoc cai thién. Trong tuong lai,
c6 thé khao sat va thu nghiém thém cac kién trac hoc sdu tién tién khac hodc cac mo

hinh lai ghép nhdm nang cao hon nira ty 18 nhin dién ding trang thai mit va mirc do
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budn ngu. Ngoai ra, viéc két hop thém cac dic trung khuon mit khac, ching han nhu
tuong quan gitta vi tri 10ng may va mat, giita miéng va mat hay céac chi bao vi biéu
cam (micro-expression), ciing 1a mot hudng tiém ning dé tang do tin cdy ctia mé hinh.
Su két hop da dang cac ngudn thong tin hinh anh sé& gitp hé thong danh gia chinh xac
hon trang thai tinh tdo ctia nguoi lai, qua d6 nang cao mirc d an toan trong qua trinh

diéu khién phuong tién.
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