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Tém tit

Cong nghé phat hién lan dwong tw dong dong vai
tro quan trong trong viéc giup xe ty lai dinh vi
chinh xac trong moi truong giao thong do thi co
nhiéu lan dwong. Tuy nhién, viéc nhan dién vach
ké dwong duwdi cdc diéu kién thoi tiét khdc nhau
van la mét thach thirc lom doi véi cdc phiong
phap xit Iy hinh dnh truyén thong va thi gidc mady
tinh. Nghién ciru nay déng gop dang ké bang cach
dp dung mang hoc sdu dé gidi quyét bai todn xdc
dinh lan duong trong hé théng xe tw ldi. Cu thé,
nhom tac gia da sw dung mé hinh Encoder-
Decoder véi mang tich chdp hoan toan nham phdat
hién lan dwong mot cach hiéu qua. Qua trinh
nghién ciru va thiuc nghiém dwgc tién hanh ky
lwdng, mang lai két qud dn twong, véi do chinh
xdc dat toi 97,82%.

Tw khéa: Phat hién lan dwong, hoc sdu.
Abstract

Automatic lane detection technology plays a
crucial role in enabling self-driving cars to
accurately position themselves in multi-lane
urban traffic environments. However, recognizing
lane markings under different weather conditions
remains a significant challenge for traditional
image processing methods and computer vision
techniques. This study makes a substantial
contribution by applying deep learning networks
to address the problem of lane detection in
autonomous vehicle systems. Specifically, the
authors employed an Encoder-Decoder model
with a fully convolutional network to effectively
detect lanes. The research and experimental
processes were conducted rigorously, yielding
impressive results with an accuracy of up to

97.82%.

Keywords: Lane detection, deep learning.

1. Gidi thiéu

Hién nay, sy gia ting nhanh chéng ciia s6 lugng 6
t6 dang dat ra nhing thach thirc 16n ddi véi an toan
giao thong duong bd. Co so ha ting giao thong khong
phat trién dong bd véi su gia ting ctia phuong tién,
dan dén tinh trang Un tic va tai nan ngay cang gia ting.
Do @6, viée kiém soat va hd trg phuwong tién tham gia
giao thong tré thanh mot van dé quan trong, thu hit
su quan tdm 16n tir cong ddng nghién ciru. Céc giai
phap thong minh tmg dung tri tué nhéan tao dang dan
chimg to uu thé trong viée giai quyét nhiing thach thirc
nay.

Trong do6, phat hién lan duong dong vai tro then
chét trong viéc phat trién cac hé thong xe tw hanh ciing
nhu ning cao an toan giao thong. Pay la mot bai toan
quan trong, thu hut sy nghién ctru cia gidi khoa hoc
trong sudt thoi gian qua. Cac phuong phap hoc may
truyén thong trudc day dat hiéu suit cao trong diéu
kién 1y tuong nhung lai gap nhiéu han ché khi ap dung
vao thyc té, tiém an nguy co mat an toan cho nguoi
diéu khién phuong tién. Trong khi d6, véi su phat trién
cua hoc sau, bai toan phat hién lan duong da duoc cai
thién dang ké, gitp nang cao d6 chinh xac va hiéu qua
mot cach ro rét.

2. B6i canh nghién ciru

Trong nhimg nam gan déy, nhidu ky thuat tién tién
da duoc phat trién dé cai thién kha ning nhan dién lan
duong. Qin Z [1] da nghién ctru cach tan dung chudi
khung hinh lién tiép tir canh lai xe dé xac dinh lan
duong, ddng thoi dé xuat mot mod hinh hoc sau két hop
gitta Mang no-ron tich chap (CNN) va Mang no-ron
hdi quy (RNN). Han Ma [2] dwa ra mot phuong phap
phat hién lan duong dya trén viée toi vu héa ban do
chénh 1éch day didc. Tuy nhién, nhitng phuong phap
nay gip khé khan khi lam viéc trong diéu kién phtic
tap nhu anh sang yéu hodc khi c¢6 sy can thi€p manh
nhur giao cit va ré.

Davy Neven [3] tiép can bai toan phat hién lan
duong theo hudng phan doan thé hién, trong d6 mdi
lan duong dugce xu 1y nhu mot thyc thé doc lap va co
thé huén luyén tir dau dén cudi. Dé biéu dién cac lan
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dudng sau khi phan doan, ong da dé xuit mot phuong
phap bién déi phdi canh c6 diéu kién trén hinh anh,
thay vi str dung goc nhin ¢6 dinh tir trén xudng. Ze
Wang [4] gidi thiéu LaneNet, mot mo hinh hoc sau
phéan tach qué trinh nhén dién lan duong thanh hai
budce: xac dinh 1€ lan dudng va dinh vi chinh xé4c lan
duong. Tuy nhién, phuong phap nay chi tip trung vao
nhan dién lan duong cung vai cac ky hi¢u dac biét trén
mat duong nhu miii tén hodc chir cai.

Mot huéng tiép can khac 1a sir dung Mang tich
chap toan cau (GCN) [5], trong d6 phan doan dua trén
mau sic duge ap dung dé thuc hién ca nhiém vu phan
loai va xac dinh vi tri lan duong. Giai phap nay cung
cap kha ning xir 1y video theo thoi gian thuc nhung
doi hoi tai nguyén tinh toan rat 1on. Pdi voi cac hé
thdng hd tro l4i xe tién tién (ADAS), P.R. Chen [6] da
phat trién May do vach ké lan dudng (LMD), mot md
hinh CNN sau duoc thiét ké dé trich xuét dic trung
lan dudng bang cach st dung cau truc nhe hon nhim
giam chi phi tinh toan.

Mic du nhitng phuong phap tién tién nay da dat
duogc két qua dang khich 1¢ trong mot s6 tinh hudng
thuc té, chung van boc 16 han ché khi dbi mat véi
nhitng diéu kién khic nghiét nhu bong t6i day dic,
vach ké dudng bi mo nghiém trong hodc tinh trang
giao thong dong duc 7, 9, 10].
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Hinh 1. Hinh dnh va nhén lan dwong
3. Nghién ciru bai todan phat hién lan duwong
3.1. Gioi thiéu tdp dir liéu

Trong thi nghiém nay, nhém téc gia su dung bo dir

SO 82 (04-2025)

KHOA HOC - CONG NGHE

liéu TuSimple di qua tién xur Iy duoc tai tir Kaggle [8].
Day la mot ngudn tai nguyén quan trong danh cho cac
nha nghién ctru va nha phat trién trong linh vuc xe tu
hanh. B dir liéu TuSimple gc bao gdm 3626 doan
video ngin, trong d6 khung hinh cubi cing ciia mdi
doan duoc gan nhan vai thong tin vé lan duong (xem
Hinh 1). Céac hinh anh trong tap dir liéu duoc ghi lai
trong cac diéu kién thoi tiét anh sang khac nhau da
dang (xem Hinh 2).Pugc xay dyng chuyén biét nham
hd trg qué trinh dao tao va danh gia cac thuat toan
nhan dién lan dudng, b dir liéu nay dong vai tro thiét
yéu trong viéc nang cao kha ning diéu hudng ciia hé
thong 14i xe ty dong. Cac hinh anh dung dé huén luyén
va danh gia duge chuén hoa vé kich thude 1280 x 720.

Hinh 2. Hinh Gnh trong tdp dit ligu véi nhirng diéu

kién anh sang khdac nhau

3.2. M6 hinh Encoder - Decoder

M9 hinh dugce st dung trong nghién ctru nay co
kién trac Encoder - Decoder, xem Hinh 3 va Hinh 4.
Phan encoder dugc thir nghiém st dung mang
Resnet50 [11] va Xception [12] v6i tham sb da duoc
huén luyén trude (sit dung bd tham s6 imagenet) nham
danh gia két qua trén cic md hinh khac nhau. Muc
dich ciia ma hoa la giam kich thuéc cua hinh anh trong
khi thu thap cac dac diém chinh cta hinh anh vao
nhiéu kénh hon. Ngoai ra cac tham sé cua cac 16p dau
tién cta bd encoder s€ dugc bao toan trong qua trinh
huén luyén. Mit khac, thanh phﬁn Decorder cua mo
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hinh bao gém céc 16p mang tich chap don gian. M6
hinh 14y mau céc vecto dic diém 1én mat na hinh anh,
¢6 cung chiéu cao va chiéu rong voi hinh anh gbc, &
dinh dang thang d¢ xam. Y tuong chinh dang sau viéc
lya chon kién tric mang nay 1a dé ting toc qué trinh
dao tao khi xtr Iy hinh anh c6 d¢ phan giai cao hon va
pht hop vé6i s lwong dit lidu va tai nguyén hién c6.

r
| Layer (type) | Output Shape | Param # |
L

input_layer_1 (InputLayer)

functional (Functional)

conv2d (Convan)

conv2d_transpose (Conv2DTranspose)

conv2d_transpose_1 (Conv2DTranspose)

conv2d_2 (Convap)

conv2d_transpose_2 (Conv2DTranspose) 16,448

(
(
(
(
conv2d_1 (Conv2b) ¢
(
(
(
(

conv2d_3 (Conv2D)

Total params 9 (12.79 MB)
(16.44 1B)

@ (2.36 MB)

Trainable params: 2,

Non-trainable params:

Hinh 3. Kién triic mé hinh 1 sit dung encoder
ResNet50

Layer (type) Qutput Shape Param # |

input_layer_11 {Inp

functionzl 18

comv2d_46 (

conv2d_S1 (Con

Total params: 2
Trainable params:
Non-trainable params:

B8.41 M5)
(20.83 MB}
2@ (73.58 MB)

Hinh 4. Kién trisc mé hinh 2 siv dung encoder

Xception

Thi nghiém dugc thyc hién trén moi truong
Kaggle Notebook, sir dung RAM 30GB, CPU Intel
Xeon 4 CPU 2.2 GHz va NVIDIA T4 x 2 GPU. Do s
lugng dit liéu khong phai qua nhiéu nén mo hinh dugc
huén luyén theo huéng hoc chuyén tiép khi sir dung
bo Resnet50 duoc huén luyén trude lam b Encoder.
Hudng tiép can hoc chuyén tiép s& gitip tinh chinh lai
cac thong s cia mo hinh dé phu hop véi bai toan.
Trong qua trinh huan luyén kich thude batch dugc sir
dung 1a 8. Bo bdn chi sb co ban trong bai toan dugc
st dung danh gid mo hinh 1a d¢ chinh x4c (accuracy),
gia tri mat mat (loss), F1-Score, s6 khung hinh xtr Iy
trén gidy (FPS). Ngoai ra céc gia tri trong ma trén sai
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s6 (Confusion Matrix) ciing dugc dua ra dé xem xét.

Bidu 46 gid tri mat mat

it mitmit

i
Vong it

Biéu 88 b chinh xic

5
veng 169

Hinh 5. Biéu db gid tri mdt madt va dg chinh xdc
trong qud trinh huén luyén mé hinh 1

Biu 6 gia tri mat mat

T
vng lsp.
Biéu d6 d¢ chinh xac

ving o

Hinh 6. Biéu db gid tri mdt mdt va dp chinh xdc

trong qud trinh huén luyén mé hinh 2

Bing 1. Két qud thuc nghiém ciia hai mé hinh

M@ hinh sir dung Encoder ResNet

TP (True Positive) 511,865
TN (True Negative) 15,514,963
FP (False Positive) 214,303
FN (False Negative) 142,869
D6 chinh xac (Accuracy) 0.9782
P06 mit mat (Loss) 0.034
F1-Score 0.741
S6 khung hinh trén gidy (FPS) 1229
M@ hinh sir dung Encoder XCeption
TP (True Positive) 495,738
TN (True Negative) 15,214,879
FP (False Positive) 404,029
FN (False Negative) 269,354
D) chinh xé4c (Accuracy) 0.9589
P06 mit mat (Loss) 0.035
F1-Score 0.596
S6 khung hinh trén gidy (FPS) 106.7

Thi nghiém tién hanh huén luyén mé hinh va sau
32 vong (epochs) huin luyén, nhan thiy khong co
nhiéu su thay déi trong hi¢u suét nén viéc huén luyén
da dung lai (xem Hinh 5 va Hinh 6). M6 hinh 1 v&i bd
encoder ResNet50 da dat duoc cac Kkét qua kha 4n
tuong khi tién hanh phét hién cac ddi tugng trén tap
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danh gia. Chi tiét két qua thé hién trong Bang 1. Mot
cach tong quan, md hinh hoat dong tét khi cac chi sb
d6 chinh xac, gia tri mét mat, F1-score va chi s6 FPS
(Frame Per Second - s6 khung hinh xir 1y trong 1 gidy)
kha tdt 1an luot 13 0,9782, 0,034, 0,741 va 122.9. Diéu
nay cho thay huéng tiép can clia bai toan da di dang
huéng. Mot cach tryc quan c6 thé thiy duge cac két
qué dat duoc 1a kha tot trong Hinh 7.

Anh déu vao Anh dau ra

Anh diu ra

Hinh 7. Mpt 56 két qua thiv nghi¢m véi mé hinh 1

Anh dau vao Anh ddu ra
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Hinh 8. Mt s6 két qud thie nghiém véi mé hinh 2
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MO hinh 2 st dung b encoder Xception cho két
qua twong dbi tét vi mirc chinh xac ¢ mirc 0.9589,
do méat mat 0.035, F1-score 0.596 va FPS 106.7. Cac
két qua ctiia mo hinh s6 2 kém hon 1 chut so v&i md
hinh s6 1 va trong Hinh 7 va Hinh 8 ciing c6 thé thay
dugc phan nao diéu d6. Didu nay thé hién kién triic bo
encoder ResNet50 phu hgp hon trong bai toan nay.

4. Két luan

Nham phat trién mot hé théng phat hién lan dudng
tu tin hi¢u hinh anh phuc vu xe tu 14i, nghién ctu nay
ap dung mo hinh Encoder-Decoder dé giai quyét bai
toan. Tap dir liéu sir dung trong nghién ciru duoc lay
tir bo dir liéu TuSimple va di trai qua qua trinh tién xur
1y. Do kich thudc bo dit liéu ban dau con han ché, ky
thuat hoc chuyén tiép dugc ap dung dé cai thién qua
trinh huén luyén mé hinh. Két qua thir nghiém trén tap
danh gia st dung bd encoder RestNet cho thdy do
chinh xé4c dat 0,9782, trong khi gia tri mat mat dat
0,034 t6t hon 0.9589 va 0,035 cia mo hinh sit dung
bd encoder Xception. Trong cic nghién ciru tiép theo,
nhom tac gia du kién s& mo rong tap dir liéu CULanel,
BDDI100K va nang cép tai nguyén phan cing dé dao
tao mo hinh trén quy mé 16n hon, nhim néng cao do
tin cdy cua hé théng.

Lo&i cdm on

Nghién ctru nay dugc tai trg bdi Truong Dai hoc
Hang hai Viét Nam trong dé tai ma s6: DT24-25.73.
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