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TOM TAT

Ngu gat khi 14i xe 1a mot trong nhitng nguyén nhan gay ra tai nan giao thong phd bién
trén thé gioi, két qua vé thiét hai, thuong tat va tinh mang co thé 12 vinh vién. Trong bai
bao nay, chiing t6i dé& xuat phuong phap phat hién ngt gat str dung mang hoc sau duoc
phat trién dya trén mang InceptionV3 va DenseNet. Chung t6i tan dung nhiing uu diém
cua mang hoc sau va tiép can hoc chuyén tiép dé huan luyén (training) cdc mang dé xuét
trén tap dir liéu cia ching t6i. Viéc ndy khong nhitng giai quyét vin dé ctia han ché bo
dir liéu ma con dua ra duoc két qua so sanh vé thoi gian cling nhu d6 chinh xac ciia céc
mang noron. Két qua thuc nghiém cua phuong phap dé xuét c6 thé dat dugce do chinh xac
1én dén 98%.

Tur khéa: Drowsiness detection, DenseNet, Inception-V3, Deep learning

ABSTRACT

Drowsiness while driving is one of the most common causes of traffic accidents
around the world, and the consequences caused by such damage, injury and death can
be permanent. In this paper, we propose a doze detection method using deep learning
network developed based on InceptionV3 and DenseNet networks. We take advantage of
deep learning network and forward learning approach to train recommender networks
on our dataset. This not only solves the problem of data set limitations, but also gives
the comparison results in terms of time as well as the accuracy of neural networks.
Experimental results of the proposed method can achieve the accuracy up to 98%.

Keywords: Drowsiness detection, DenseNet, Inception-V3, Deep learning
1. MO PAU

1.1. Gi6i thiéu bai toan

vu tai nan do 14i xe budn ngu chiém khoang
13% trong tong so 836 ty d6 la chi phi xa hoi
cua cac vu va cham giao thong. Trong nam

Theo s6 lidu théng ké ciia National 2017, 50.000 ngudi d bi thuong trong céc

Highway Traffic Safety Administration
(NHTSA) cho biét, sb tai nan giao thong
do viéc ngu gat khi l4i xe mdi nam 1én dén
100.000 vu tai nan do canh sat bao cao va
hon 1.500 ngudi chét véi chi phi cho céc

vu tai nan khi 14i xe budn ngii va 795 nguoi
trong s6 d6 da thiét mang vi lai xe budn
ngti. Tr nim 2009 dén nam 2013, canh st
da bao cdo 72.000 vu tai nan xe co gioi lién
quan dén nhimg nguoi 1ai xe ngu gat [4].
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Bén canh d6 theo AAA - Foundation for
Traffic Safety ciing cho biét, c6 hon 40%
tai xé thira nhan ho dd ngu gat sau tay lai
[3] va c6 800 truong hop tir vong da xay ra
vao nam 2015 do nhiing nguoi lai xe cam
thdy mét moi sau tay lai [6]. Trong nim
2015, udc tinh cd khoang 33.000 vu tai
nan xe hoi ddn dén thuong tich bao gom
ca nhitng ngudi 14i xe budn ngu. Con sd
nay chiém 1,9% téng sb vu tai nan thuong
tich, udc tinh c6 khoang 90.000 vu tai nan
(chi tinh riéng thiét hai vé tai san, gay tir
vong va tai san) lién quan dén viéc 1ai xe
budn ngu (1,4% téng s6 vu tai nan 6 to)
[7]. Nhitng sb liéu thong ké dang bao dong
trén da chi ra su can thiét dé thuc hién mot
hé thdng c6 kha ning theo ddi va canh béo
tinh trang m¢t moi, ngu gat cua nguoi lai xe
dé co6 thé ngin chin nhitng vu tai nan giao
thong dang tiéc co thé xay ra.

1.2. Nhirng nghién ctru lién quan

HuHe et al. [8] dé& xuit st dung
phuong phap phat hién ngii git bang cach
stt dung mang no-ron CNN bao goém hai
giai doan; giai doan thtr nhat tién hanh
trich xudt ddc trung va giai doan hai s& tién
hanh phan loai dé nhan dang trang thai mét
va miéng. Zuopeng et al [9] da dé xuat str
dung phuong phap phat hién ngi gat bang
cach sir dung EM-CNN dé phat hién trang
thai cia mat va miéng dua trén hinh anh
duoc trich xuét dic trung. Phanikrishna et
al [10] da dé xuat sir dung phuong phép
phat hién ngu gat khi 1ai xe bang cach su
dung wavelet packet transform. Wavelet
packet transform duoc trich xuét tir cac tin
hiéu Pién ndo d6 (EEG) don kénh. Nghién
cuu nay mang lai d0 chinh xac 94,45%
khi thuc nghiém. H. Varun Chand and J.
Karthikeyan [11] , nghién ctru nay dé xudt
sir dung mé hinh phéan phéi da cap mai dé
phat hién ngu gat khi 1ai xe bang cach su
dung Mang than kinh Convolution (CNN),
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sau d6 1a phan tich cam xtc. Két qua hé
théng dat duoc mirc do chinh xac 1én dén
93% dua trén phan tich thyc nghiém.

1.3. Tong quan vé trang thai ngi gat

Giac nga [1] 1a tinh trang nghi ngoi tu
nhién theo chu ky cta thé xac va tinh than.
Trong tinh trang nay ngudi ta thuong nham
mit va mat ¥ thie mot phan hay hoan toan
do d6 s€ giam cac van dong va phan tng
dbi voi cac kich thich bén ngoai. Co mot
thuat ngtr goi 1a “Microsleep” [1], nghia la
mot giai doan ngli ngan va ngoai ¥ mudn
clia gidc ngu, c¢6 thé xay ra bat ¢t luc nao
do mét méi hay mét sy nd luc cua y thire
kéo dai nao dé. Microsleep co thé kéo dai
trong mét vai gidy va lic nay nao roi vao
trang thai ngd nhanh chong, khong kiém
soat duoc, tinh trang nay c6 thé vo cung
nguy hiém, dic biét 1a néu ban dang l4i xe
hay trong cac tinh hudng yéu cau sy chi
¥ tap trung. Mot s6 du hiéu cho thay ban
dang khong tinh tdo khi lai xe nhu: ngap
va chép mét thuong xuyén, khoé mé mit,
khong thé tap trung, dau khong thé gitr
thang, 14i xe ra khoi lan duong [1]

1.4. Vai tro cua hgc siu trong phat
hién va du doan

Hién nay, k¥ thuat hoc sau da va dang
duoc tng dung hau hét trong moi linh vuc
v61 nhiing vu diém ndi bat nhu mang lai
d6 chinh xac cao, c6 thé duoc ap dung voi
cac loai bo dit liéu khac nhau, hd trg vin
dé khi dir liéu khong du 16m, co kha ning
mo rong vé dir liéu va tinh toan. Tan dung
nhitng vu diém d6, ching t6i quyét dinh ap
dung mang no-ron sau véi Inception-V3 va
DenseNet dé phat hién trang thai ngu gat
khi lai xe.
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2. KET QUA NGHIEN CUU

2.1. Mang no-ron trich xuit dic
trung

2.1.1 InceptionV'3

Inception-V3 [2] 1a ké thira cua
Inception-V1 bao gém 24 trigu tham sé.
Inception-V3 giai quyét duoc vin d¢ that
c6 chai (representational bottlenecks). Tt
la kich thudc cta cac layers khong bi gidm
mot cach dot ngdt. Pong thoi Inception-V3
c6 mot cach tinh toan hi¢u qua hon nho su
dung phuong phap nhan té (factorisation
methods). Inception-V3 gitip ddy nhanh
qua trinh tinh toan; né s hiru kién trc
mang sau hon; ngoai ra, md hinh nay doi
hoi it thong s6 hon va thoi gian hudn luyén
(training) ngén hon.

2.2.2 DenseNet

DenseNet [5] s€ khac so vdi ResNet,
cac dau ra cia ting phép 4nh xa c6 clng
kich thudc dai va rong s€ duoc concatenate
v6i nhau thanh mot khdi theo chidu sau.
Sau d6 dé giam chiéu dit liéu chung ta ap
dung tang chuyén tiép (translation layer).
Tang nay 1a két hop ctia mot layer tich chép
giip giam do sau va mot max pooling gitip
giam kich thudc dai va rong. Vé do chinh
xac, DenseNet training it hon mot nua
tham s6 nhung c6 d6 chinh x4c cao hon so
vo1 ResNet50 trén b dir liéu ImageNet.
Bén canh do, viéc xur ly overfitting trén
DenseNet rat hi¢u qua; DenseNet déng thoi
cling ap dung BatchNormalization trudc
khi thyc hién tich chap ¢ cac tang chuyén
tiép nén giam dugc vanishing gradient. M6
ta tang cua kién trac mang

2.2. Phwrong phap dé xuat

Trong phan nay, khuén mit s& duoc
phat hién bang viéc sir dung SSD va
ResNet-10, sau d6 duoc chuyén dén céc
mang dé phat hién trang thai ngi gat.
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Chung t6i phat trién cac mé hinh mang dwa
trén mo hinh cua InceptionV3, DenseNet
béng cach thuc hién céc cai tién trong mot
s6 16p dé thich mg cho viéc phat hién ngi
gat. Trong phuong phap nay, viéc phat hién
ngu gat su dung mang no-ron sau (DNN)
bao gdm hai giai doan 13 training va testing.
Trong giai doan thir nhit, chung t6i huin
luyén (training) cdc mé hinh bang cach
huin luyén (training) dya trén tap dir liu
da dugc xtr ly trudce do. Trong giai doan thir
hai, chung t61 danh gia cdc m6 hinh mang
v6i tap dit lidu testing dé phat hién ngu gat:

Training Testing

Input face
B uN ' A ]
PRue e
“eEMe

Step 1 M Preprocessing

Step 2

Hinh 1. Cdc giai doan trong qud trinh xdy dung
hé théng.

2.2.1. Pha hudn luyén

a. Tién xuir Iy

Trong budc tién xir 1y, ching t6i tién
hanh trich xuét frames tir cac video c6 lién
quan dén trang thai ngu gat khi 1ai xe, sau
d6 chting t6i thyc hién viéc phat hién khuon
mit tir tdp dit liéu hinh anh bing cach st
dung mang SSD (Single Shot MultiBox
Detector) v6i ResNet-10 va chuan hoa
chung thanh kich thudc 224x224 dé tao tap
dir liéu hudn luyén (training).

b. Trich xudt ddc trung va hudn luyén
(training)

bé trich xuat cac dac trung va huan
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luyén, tap dit liéu huin luyén (training)
s& duoc chuyén qua mang no-ron hoc siu
(DNN); ddng thoi, dira vao nhing vu diém
clia mang no-ron dugc dé cap trong Phan
2.1, ching t61 phat trién cac mang no ron
dé phat hién ngu gat dya trén InceptionV3
va DenseNet bang cach cai tién mot sb 16p
ciia ching dé diéu chinh kha ning phat
hién budn ngu.

MG hinh 1: Véinhitng wu diém ndi bat
dugc dé cap ¢ phan 2.1, ching toi quyét
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dinh xay dung mang no-ron cho viéc phat
hién ngu gat dua trén viéc phat trién mang
InceptionV3 di duoc huan luyén (training)
trudc d6. Chung to6i ap dung viéc hoc
chuyén giao tir mé hinh InceptionV3 da
dugc dung trude d6 va thém vao mot sb
16p cho mé hinh mang dé xuat nhu Flatten,
Relu (Dense), Dropout, Sigmoid (Dense);
cac 16p thém vao duoc biéu dién qua céac
duong nét dut mau d6 va mo hinh dé xut
duoc thé hién trong hinh 2.
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Hinh 2. Mé hinh 1: Kién triic mang dé xudt duoc phdt trién tir InceptionV3
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Mé hinh 2: Véi nhitng vu diém ndi
bat nhu vi¢c training it hon mdt ntra tham
) nhung van mang lai d§ chinh x4c cao;
viée xir ly overfitting hiéu qua (duwoc dé
cap trong phan 2.1), ching t6i chon mang
DenseNet dé phat trién ciing nhu xay dung
mang no-ron cho du doan trang thai ngu gat

alization

m
Lu

| (A
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bang viéc ap dung viéc hoc chuyén giao tir
mo hinh DenseNet da duoc xay dung trudc
d6 va thém vao mot s 16p cho mang dé xuat
bao gém Flatten, Relu (Dense), Dropout,
Sigmoid (Dense); cac 1op thém vao duoc
biéu dién qua cac duong nét dit mau do va
mo hinh dé xuat duoc thé hién trong hinh 3.
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Hinh 3. Mé hinh 2: Kién triic mang dé xudt duoc phdt trién tir DenseNet

2.2.2. Két qua hudn luyén (training)
va thwe nghiém

a. Cac kich ban ap dung

Pé tién hanh thyc nghiém cho mé hinh
dé xuat, ching toi thuc hién hai kich ban
v6i cac tham sé huan luyén nhu sau:

Bdng 1. Céc kich ban dugc dé xudt va cac tham s6 huin luyén

. Technique of Feature Extraction and Batch Learning
Scenario . .. . Epoch
Prediction size rate
| Adaptive dc?ep neural network developed 250 30 led
from InceptionV3
) Adaptive deep neural network developed 250 30 led
from DenseNet

b. Moi truong cai dat va mo ta tdp dir liéu

1. Moi truong cai dat

Pé so sanh va danh gia, chung toi thyuc
hién phuong phap dé xuat trén cac mo
hinh InceptionV3 va DenseNet trong cung
mot moi truong Visual Studio Code voi

Windows 10, cdu hinh RAM 8GB va dung
GPU Nvidia Geforce. Thu vién hd tro huan

luyén (training) mo6 hinh mang st dung la
Tensorflow phién ban 2.2.

2. Mo ta tap dir licu

Tap dit li¢u dugc chiing t6i ty xay dung
bao gdm 3425 hinh anh vé trang thai budn
ngtl, 4388 hinh anh vé trang thai khong
budn nga duoc trich xuét va thu thap tir di
liéu ctua Bing Search API, Kaggle, RMFD
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va iStock, sau d6 dugc chia theo ty 1€ 80%
(tc 1a 6250) hinh anh duoc st dung cho
huén luyén (training) va 20% ( tirc 1a 1563)
hinh anh cho thir nghiém. Viéc str dung tap
dir liéu hinh anh 1am dit liéu dau vao ctia
mo hinh s& gitp cho thoi gian huan luyén
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(training) thwc hién nhanh hon & nhiing
moi truong cai dat han ché so véi tap dur
liu video ma van dam bao c6 day du ngit
canh ma video mang lai. Chi tiét tap dir li€u
dugc mo ta trong bang 2.

Bdng 2. Mo ta tap du liéu

Status Number Num face Type Size
Drowsiness 3425 3425 Image 230 MB
Non-drowsiness 4388 4388 Image 66.1 MB
Both 33 13729 Video 1760 MB

c. Céc két qua thu dwoc

1. Metrics of Precision

Chung t61 xdc dinh cac gia tri
precision, recall va accuracy dugc xac dinh
boi confusion matrix [12]. Hinh 4 cho thiy
confusion matrix cho cac kich ban. Trong
kich ban 1, gia tri TP (true positive) va TN
(true negative) cua viéc du doan trang thai

(a) Scenario 1

- 0.8
" 0.06

- 0.6

-0.4
- 0.01

-0.2

drowsiness

drowsiness

Actual class

non-drowsiness

non-drowsiness

Predicted class

budn ngi va khong budn ngu lan luot 14
94% va 99%. Trong kich ban 2, gia tri TP
(true positive) va TN (true negative) cua
viéc duy dodn trang thai budn ngu va khong
budn nga lan lugt 12 97% va 99%. Do chinh
X4c cla cac mang sau qua trinh huan luyén
(training) & ca 2 kich ban lan luot 1a 97%
va 98% trén tap dir liéu dé xuat.

(b) Scenario 2

drowsiness

Actual class

non-drowsiness

drowsiness non-drowsiness

Predicted class

Hinh 4. Confusion matrix cta cdc kich ban

2. Do do Loss va Accuracy
(a) Scenario 1: Accuracy

—

0.95 -

0.90 -

Accuracy

0.80 -

075 -
° s 10 15 20 25 30
Epoch #

(b) Scenario 2: Loss_value

s
lIS 26 2‘5 3‘0
Epoch #

Hinh 5. Biéu dé dé do Accuracy and Loss trong qud trinh hudn luyén (training) ctiia kich ban 1
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Déi vai kich ban 1, Hinh 5 cho thay két
qua Loss va Accuracy cua kich ban 1 sau
30 bude huin luyén (training) (epochs) véi
learnmg rate 1a le-4. Quan sat hinh 5a) ta
thdy rang, gi4 tri train_accuracy lac nay la
96% va gia tri val_accuracy ¢ mirc 97%,
ta cling xac dinh dugc accuracy trung binh

(a) Scenario 4: Accuracy

0.95 -

0.90 -

Accuracy
°
@
w

0.80 -

0.75 -
— train_accuracy
0.70 I val_accuracy
) 5 10 15 20 25 £
Epoch #
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trong kich ban nay 1a 96.5%. Vi vay, kich
ban 1 c¢6 xu hudng hoc hi¢u qua. Quan sat
hinh 5b) biéu dién gid tri train_Loss va val
Loss cua qua trinh hudn luyén (training).
Gida tri train_Loss va val_Loss ¢ kich ban 1
déu ¢ muc xép xi 0.06.

(b) Scenario 4: Loss_value

0.2 -

0.0 -5, ; ' 5 3 ' '
0 5 10 15 20 25 30
Epoch #

Hinh 6. Biéu dé dé do Accuracy and Loss trong qud trinh hudn luyén (training) cia kich ban 2

Dbi véi kich ban 2, Hinh 6 cho thay két
qua Loss va Accuracy cua kich ban 2 sau
30 budc hudn luyén (training) (epochs) voi
learning_rate 12 le-4. Hinh 6a) biéu dién
gia tri train_accuracy lic nay 1a 97% va gia
tri val_accuracy ¢ muc 98%, ta c6 gid tri
accuracy trung binh la 97.5%, cao hon so
v6i kich ban 1,2 va 3, diéu nay cho thdy mo
hinh dang c6 xu hudéng hoc va hoat dong
hiéu qua. Hinh 6b) biéu dién gia tri train_
Loss va val_Loss ctia qua trinh huan luyén
(training). Ttr s6 budc huan luyén 20 tro di,
train_Loss va val Loss c6 gia tri lan luot
1a 0.1 va 0.06.

2. Thoi gian huan luyén (training)

Hinh 7 biéu dién thoi gian huin luyén
(training) ctia cac kich ban. Thoi gian huin
luyén (training) cho kich ban 1 1a 3 tiéng
50 phut va kich ban 2 1a 4 tiéng 33 phut.
C6 thé thdy rang kich ban 2 cho két qua
hudn luyén (training) 1au hon kich ban 1 1a

43 phit, déu nay la hién nhién trong linh
vuc hoc sau, khi mot mé hinh mang lai do
chinh xac tét hon thi phai tra gia cho thoi
gian huan luyén (training) lau hon.

5

433
4 35
1 .
0

Scenario 1

]

[\S]

Time (hours)

Scenario 2
Hinh 7. Biéu dé biéu dién théi gian hudn luyén
(training) cta cdc kich ban
3. Két qua kiém thur
Cac do do ve do chinh xac va thoi gian

Viéc thuc nghi¢m dé kiém tra duoc thuc
hién trén tong s6 33 ngudi khac nhau tir cac
video bao gdm trang thai ngl gt va khong
ngl gat. Hinh 8 cho thdy két qua cia do
chinh xéc trung binh va thoi gian du dodn
trung binh khi phat hién nguoi lai xe roi
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vao trang thai ngu gat. Do chinh xac trung
binh cta kich ban 1 1a 97.5% va kich ban 2
14 97.8%. Co thé thay, kich ban 2 vuot troi
hon kich ban 1 vé do chinh xac. Bén canh
do, thoi gian du doan trung binh cua cac
kich ban l1an luot 1 5.7 phat cho kich ban
1 va kich ban 2 1a 5.9 phut; diéu nay cho

97.85
97.8
97.75
97.7
S 97.65
97.6
97.55
97.5
97.45
97.4
97.35

97.8

Percent (%)

97.5

Scenario 1 Scenario 2

a) Do chinh xac trung binh khi phat hién ngu gat

ISSN 2615-9945

thiy, kich ban 1 cho két qua du doan nhanh
hon tuy nhién viéc du doan qua nhanh s€
dé dua ra két qua nham 14n giita viéc chép
mat va viéc mit roi vao trang thai ngu gat;

nguoc lai viéc két hop tat ca cac ddu hiéu
dé dua ra két qua du doan chinh xac s& can
nhiéu thoi gian hon.

5.95

59

Time (minutes)

5.7

Scenario 2

Scenario 1

b) Thoi gian dy doan trung binh khi phat hién ngu gat

Hinh 8. Biéu dé biéu dién dé chinh xdc va thdi gian du dodn trung binh qua cdc kich ban

Mot s6 két qua kiém thir

Bang 3 cho thdy céc két qua thir nghiém
cua céc kich ban. Truong hop A, quan sat
2 kich ban ta thiy duoc ca 2 kich ban déu
cho két qua diing nhung kich ban 1 cho két
qua du doan thip hon so véi cac kich ban 2.
Truong hop B, lic nay nguoi lai da roi vao
trang thai ngu gét, viéc du doan cua 2 kich
ban déu dung, dic biét kich ban 2 cho két
qua dy doan 1én dén 98.90%. Trudng hop
C, ngudi 1ai xe lac nay dang deo kinh, khau

trang va ¢ trudng hop khong budn ngu thi
ca 2 kich ban déu cho két qua dung, tuy
nhién kich ban 2 chi c6 91.55% trong khi
kich ban 2 c6 d6 chinh xac 99.76%. Truong
hop D, khi nguoi 1ai xe roi vao trang thai
ngil gat (két hop deo kinh va khau trang)
thi kich ban 2 ¢ két qua du doan cao nhét
v6i 97.16%. Quan sat két qua & bang 2 cho
thdy, kich ban 2 cho két qua téi wu hon so
vo1 kich ban con lai.

Bing 3. Anh két qua cua timg kich ban

Kich ban
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4. So sanh va thao luan
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Bdng 4. So sanh d6 chinh xac cua cac phuong phap phat hién ngu gat

Tac gia Phwong phap D(_)Xc;lcmh
A Real-time Driver Fatigue DetectionMethod Based o
HuHe et al. [8] on Two-Stage ConvolutionalNeural Network 93.83%
Driver Fatigue Detection Based on Convolutional o
Zuopeng et al. [9] Neural Networks Using EM-CNN 93.623%
H. Varun Chand, J. CNN Based Driver Drowsiness Detection System 939
Karthikeyan [10] Using Emotion Analysis ’
\Tvlllt?l%rc%% (;;3(()1 in cthod Deep learning network developed from Inception V3.|  97%
\Tvlll&l%rc%% 2;?3 én cthod Deep learning network developed from DenseNet 98%

O day, chung t6i dé xuét hé thong phat
hién ngu gat khi l4i xe bang cach sir dung
k¥ thuat Deep Learning. Qua két qua huin
luyén (training) va thyc nghi¢m (bang 3),
két qua huin luyén (training) & cac kich
ban 1 va 2 ¢6 do chinh xac huan luyén lan
luot 12 97% va 98% trén tap dit lidu dé xuat
cua chung t6i. Thém vao do, cac mo hinh
mang dé xuét ciing 13 nhiing bo trich xuat
ddc trung rat tot, vi ching c6 thé nam bat
cac dic diém lién quan cua trang thai nga
gat tor nguoi lai thong qua hinh anh hoac
video. Thay vi tap trung vao ving mat va
vung miéng nhu céc cong trinh trude day
[8], [9], [10] thi cdc mang than kinh hoc sau
dugc dé xuat phan tich tit ca hoat dong ctia
nguoi 14i xe dé tim hiéu cac dic diém cua
viéc ngu gt nhu ddu khong thé giir thang,
ngap, chép mat lién tuc dé du doan budn
ngu. Ngoai ra, chiung t6i tan dung nhiing
vu diém cua viéc hoc chuyén giao diéu nay
gitip giai quyét van dé vé tap dir liéu hoc
nho, thoi gian hudn luyén (training) nhanh
va gitr loi thé ciia mang hoc sau. Phuong
phép d& xut cua ching t6i déu c6 thé phat
hién va dem lai két qua chinh xdc tinh trang
ngu gat ciia nguoi lai xe trong truong hop

deo khéu trang, deo khau trang két hop deo
kinh (bang 3), trong khi mot sé phuong
phép chua cung cip d6 chinh xé4c trong
truong hop nay. Bén canh do, phuong phap
dé xudt cta chung toi c6 thé cung cip mot
s6 uu diém ciing nhu do chinh xic trong
viéc Iya chon mé hinh c6 thé dép ung viéc
trién khai thuc té hé théng phat hién ngu
gat trong tuong lai.

3. KET LUAN

Trong bai béo nay, chung toi dé xuat
phuong phép véi bén kich ban cho hé
thong phat hién ngu gat khi l4i xe sir dung
céc ky thuat Deep Learning, chiing t6i thiét
ké hai mang no-ron sau thich tung dugc
phat trién dya trén mang InceptionV3 va
DenseNet lan luot cho cac kich ban 1 va
2. Phuong phép nay sé tién hanh phan tich
cac ddu hiéu ngl gt cta ngudi 1ai xe va
tim hiéu tat ca cac dic diém cua trang thai
ngi gat. Bén canh d6, phuong phap dé xuét
ctia chiing toi con cung cap d6 chinh xac
trong truong hop deo khau trang két hop
deo kinh, trong khi d6 nhitng nghién cuu
trude do chua cung cép va do chinh xac
mang lai sau khi huan luyén (training) 1én
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dén 1a 98%. Két qua thuc nghiém cho thdy  hé thong canh bao nga gat. Nghién ciru nay
phuong phép nay c6 tinh kha thi va thich  gitip chung ta c6 thé ngan ngura tai nan 6 t6
ung voi su phat trién cua cac ing dung cho  dang tiéc do ngu gat gay ra.
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