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TOM TAT

Trong bai bao nay, chiing t6i trinh phuong phap va ké hoach phat trién xe ty hanh ti
1¢ 1/10 trong thanh phd thu nhé bao gdm viéc thuc hién mé phong, xay dung ké
hoach dudng di va thu thap dir liéu lan dudng va phat hién tin hi¢u giao thong su
dung xtr Iy anh va céc ki thuat hoc sau. Robot Operating System (ROS) 1a mot nén
tang co ban trong viéc phat trién cac hé théng robot va xe ty 14i, ROS sir dung céc
phan mém riéng 1é giao tiép v6i nhau théng qua cac chu dé va hanh dong. Phan mém
md phong Gazebo trong ROS dugc str dung dé xay dung, thiét 1ap ban dd, xe va cac
dbi trong dé mé phong nhu trong méi trudng thyuc té. Lan dudng dwgc phat hién
bang cach sir dung xtr 1i anh, phat hién canh, sir dung thuat toan hough tranform phat
hién lan dudng tir d6 tinh toan goc 14i dua ra dy doan va diéu hudng xe, dbi tugng va
cac tin hi€u giao thong dugc tién hanh thu thap dir liéu, gén nhan va huén luyén dya
trén md hinh YOLOVS, tir cac dir liéu duoc phat hién tién hanh giri tin hiéu diéu
khién théng qua ROS va giao tiép Serial dé giri xudng board mach chap hanh diéu
khién dong co va servo diéu khién.
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ABSTRACT

This paper presents the methodology and development plan for a 1/10-scale self-
driving car operating in a miniature city. This includes simulation implementation,
path planning, and data collection for lane detection and traffic signal recognition
using image processing and deep learning techniques. The Robot Operating System
(ROS) is the fundamental platform for developing robotic and autonomous vehicle
systems. ROS facilitates communication between individual software components
through topics and actions. The Gazebo simulation software in ROS is used to build
and configure maps, vehicles, and objects to create simulations replicating real-world
environments. Lane detection is performed using image processing, edge detection,
and the Hough Transform algorithm to identify lanes, calculate the steering angle, and
p2025rovide predictions for vehicle navigation. Object and traffic signal data are
collected, labeled, and trained using the YOLOvVS model. The detected data are then
used to generate control signals, which are transmitted via ROS and serial
communication to a control board for motor and servo actuation.
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1. GIOI THIEU

Cudc thi Bosch Future Mobility Challenge duoc t6 chire
hing nim boi cong ty Bosch véi muc dich thuc diy su
nghién ctru va phat trién cong nghé xe tu lai trong cong
ddng sinh vién cac nudc trén thé gisi. Tai day sinh vién cac
truong dai hoc tap trung nghién ctru cong nghé nhu xur ly
anh, mo6 hinh hoc séu trong viéc nhan dién lan dudng, tin
hiu giao thong va cac dac trung dugc phat hién. Ngoai ra,
sinh vién 4p dung nhimg kién thirc d6i méi va thyc tién
trong viéc xay dung ké hoach va lap duong di tu dong gitup
dinh vi tri va didu huéng xe dya trén théng tin nhu GPS,
lidar. Piéu nay thiic ddy phong trio nghién ciru va phat trién
cong nghé xe ty 14i trong nudc va trén thé gisi, bai bao nay
nhém tap trung vao nghién ciru vé cong nghé xir Iy anh va
cac md hinh hoc sdu trong viéc nhan dién lan duong, tin
hiéu giao thong, ddi tugng c6 thé xay ra, md phong xe di
chuyén ban d6 théng minh thu nho va phat trién xe thyc té
voiti 1€ 1/10.

Hién nay thuat toan Hough Transform dwgc ting dung
khé nhiéu trong linh vuc nhén dién lan duong cho xe tu 1ai
va hoat dong kha hi¢u qua. Yadi Li, Liguo Chen [1] va cac
cOng su thyc hién nhan dién lan duong bﬁng viéc chuyén
dbi khong gian mau sang anh xam, phat hién canh béang
thudt toan canny va ing dung Hough Transform phat hién
lan duong. Bai bao co cach giai thich cu thé vé viée xur Iy
anh va nhan dién lan dudng, tuy nhién viéc chuyén sang
anh xam s& gy ra nhidu khi phat hién cac vat thé hay cac
chi tiét gan gidng vai lan duong, va bai bao chi dimg lai ¢
vi€c nhén dién lan dudng ma chua Gng dung vao thuc té.

Trudc do Seonyoung Lee [2] va cac cong su da thuc
hién phét hién lan dwong dua trén phép bién ddi Hough
Tranform va dya vao d6 xay dung hé théng canh bao 1éch
lan (LDWS), va ho ciing chi ra rang phép bién d6i Hough
cling doi hoi lwong tinh toan 16n va dua ra dé xuét khbi bién
d6i Hough bao gdm bo dém 4x4 bit, va khbi bién d6i Hough
xtt 1y cac khéi pixel 4x4 lién k& cing lic giup giam do
nhiéu, loai bé bst cac phép toan Cos va Sin 1am cho phép
toan xur Iy nhanh hon. Kién trac mach dé xuét cta ho 6 thé
giam 50% cho s6 lwong bd nhan so véi viéc tinh toan
Hough Transform thong thuong.

Dé lam giam bt di d nhiéu va tang kha nang nhan dién
chinh xac lan duong. Gurjashan SinghPannu [3] da dua ra
giai phap phan ving quan tam lan dwong va phép bién doi
Hough giup cai thién d6 chinh xac bang cach tao mot 16p
anh phu dé che di nhitng ving khong c6 kha nang phat hién
lan dudng. Vung nhén dién dugc lan dudng c6 xu hudng
hinh thang vi 1an dudng cang nhin cang xa thi cang nho lai
va tiép diém nhau & cudi anh. Nhuoc diém cua bai nghién
ctru con han ché vi sir dung raspberry pi B+ trong viéc nhan
dién lan duong, nhu trong bai bao [2] ¢6 d& cap dén viéc
phép bién d6i hough can lugng tinh toan cao vi vy viéc sir
dung phén cimg Raspberry Pi B+ 1a khong du dé ap dung
vao thuc té.

ROS 1d mot hé théng phan mém gitip quan 1y va giao
tiép cac phan mém riéng 1¢ v6i nhau, ngoai ra ROS con hd
trg mo phong cac ing dung bang phan mém Gazebo va hé
théng giam sat béng phan mém Rviz [4]. Trong [5], céc tac

gia dd thuc hién viéc tinh toan goc 1ai dua vao phép bién
dbi Hough, md phong di chuyén xe tu hanh dwa trén phan
mém mé phong Gazebo va chuan hoa géc 14i dua trén fuzzy
logic, két qua cho ra hiéu suat tot trong moi trudng mo
phong, han ché van chua ap dung vao trong cau trac phan
clmg thuyc té.

Dua trén nhiing tinh trng dung cao ctia thuét toan Hough
Transform. Nhom d tién hanh tong hop, tinh toan va dua
ra giai phap toi wu thuat toan dé c6 kha ning nhan dién
chinh x4c lan duong va tra vé goc 1ai 6n dinh. Ngoai ra
chung t6i con tién hanh nang cao kha ning nhan thic cua
Xe béng vi€c str dung md hinh hoc sdu YOLOVS dé huén
luyén tin hiéu giao thong, cac ddi twong trén duong di két
hop cam bién dé nang cao d6 an toan cua xe. Hinh 1 1a mo
hinh xe tu hanh ti 18 1/10 ma nhém chung toi da thiét ké va
nghién ciru phat trién.

: "' ) kk iin )
4"

Hinh 1. Xe tir hanh ti Ié 1/10.
2. TONG QUAN HE THONG XE TU HANH MINI
2.1 Céu triic phan cirng

Hinh 2 14 cAu triic so ¢ phan ctng cua xe ty hanh. Bao
gom: bd diéu khién trung tdm, bd dicu khién chap hanh, bo
phén tin hi¢u dau vao va bo chap hanh.

Battery 1 Battery 2
7.4V ECs or ECsor \_ 7.4V

Hinh 2. So' dé cdu triic phan ciimg.

2.1.1 B¢ diéu khién trung tam (Jetson Nano)

Chung t6i st dung Jetson Nano dé lam trung tam diéu
khién dé xur ly tat ca cdc tin hiéu cua bd phan tin hiéu dau
vao. Nhd d6 n6 ¢ thé xir 1y va dua ra nhitng nhiing phan
doan tinh hudng chinh xac nhét dé cho b dicu khién chap
hanh diéu khién theo 1énh ciia bd ndo ciia xe.
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2.1.2 B diéu khién chap hanh (Nucleo F401FE)

Nucleo F401FE 1a bd phan nhan tin hi¢u da duoc xtr ly
dé dua ra Iénh diéu khién cho Servo nhan tin hiéu goc lai
gitip xe c6 thé di chuyén 6n dinh trén dudng, va diéu khién
dong co giup xe c6 thé di chuyén.

2.1.3 B3 phdn tin hiéu ddu vao
a. Raspberry Pi §

Rapsberry dugc sir dung nhu 1a mot by ndo nho dé thu
thap cac hinh anh, dir liéu tir cac vat thé nhu con ngudi, bién
béo, xe ¢, vét can,... truyén dir lidu da duoc xir Iy d6 vé
cho bo diéu khién trung tim thong qua Universal
Asynchronous Receiver Transmitter (UART) qua d6 bd
diéu khién trung tdm s& dya vao nhiing tin hiéu d6 dé dua
ra nhimg phan doan tinh hudng chinh x4c nhat.

b. Camera

Chung t6i su dung Webcam 1a Camera Pi V2. Camera
Pi c6 nhiém vu thu thap dir liéu vé cac vat dbi tugng va cac
tin hi¢u giao thong, Webcam c6 nhiém vu thu thap dir liu
lan dudng va giri dén bo diéu khién trung tam.

c¢. HC-SR04

HC-SR04 14 cam bién siéu am duogc st dung cho muc
dich phat hién nhing dbi twong bat ngd trong tinh hudng
khong thé xir 1y kip thoi, va diung dé kiém tra ving dd xe
tréng [5].

2.1.4 Bé chdp hanh
Motor va servo

Motor dung dé giup xe di chuyén trén cac (doan duong.
Servo dung dé danh lai va diéu hudng di chuyén cta xe qua
cac cung duong va giao 19.

2.2 Céu triic phan mém

Hé théng diéu khién xe tu hanh hoat dong bat dau tir
viéc thu thap dir liu tai tﬁng dau vao (Input). Dt ligu tu
camera, cam bién siéu 4m, dén giao thong va cam bién
Inertial Measurement Unit (IMU) dugc thu thap va cung
cép thong tin vé méi trudng xung quanh. Tiép theo, tai tang
nhan dién (Perception), dir liéu nay duoc phan tich vé nhén
dién vat thé, dén giao thong, bién béo, lan duong va giao
16,... Ngoai ra, hé thdng con phan tich loai dudng ( mot
chleu hay hai chiéu ) va xir Iy cc tinh huong nhu vuot xe
tinh hay xe dong, tir d6 tao ra mdt mo hinh tong quat vé moi
truong.

Qua d6, ching duge dwa vao phan viée xir 1y giao 16
(intersection) dé dinh hinh duong di cta xe. Khi xe di toi
cac giao 19, camera s€ nhan dién cac dbi tuong, bién bao va
giao 16 dé bo trung tAm x1r Iy rdi dwa ra cac 1énh thyuc hién
cho xe hanh dong.

Cudi cung, céc 1énh diéu khién dugc giri dén phan clig
tai ting dAu ra (Output), noi dong co va servo thuc hién cac
hanh dong can thiét. Toan bd quy trinh hoat dong trong
vong lap lién tuc, ddm bao xe tu hanh cé thé phan ung véi
cac thay ddi cua moi trrong va van hanh mdt cach an toan,
hi€u qua cho dén khi dat duoc muc tiéu. Hinh 3 du6i day
thé hién mot ciu tric lién két ph?m mém.

oolecy Sensor Camera
% Traffic_light MU
‘ S ata data data sensor datal Input

Traffic_light

Sign Lane
detectior detection
arki Intersection Perception
detection

ne lane
road detection

Behaviours

Control

:j—- R

Hinh 3. So dé phan mém.
3. PHUONG PHAP NGHIEN CUU VA PHAT TRIEN

3.1 Phat hién va theo doi lan duwdong

Chung t6i 4p dung phuong phéap xir Iy anh dé theo doi
va phat hién lan duong [7]. Khi d6, camera cua Jetson xtr
Iy nhitng hinh anh lan duong. Sau d6, nhitng hinh anh duogc
thu thap s& dugc chuyén d6i mau tir RGB sang HSV dé gitp
d& dang tach biét mau sic (Hue) khoi do sang (Value), giam
anh hudng cua anh sang méi treong va tang d6 chinh xac
khi phat hién vach duong. HSV giup xur Iy nhanh va hiéu
qua nho kha nang nhan dién mau sic 6n dinh hon. Hinh 4
dudi day 1a cach ma bo didu khién trung tim xir Iy anh.

320x240
Input

Estimated
yaw angle

Output Video

streaming

Lane detection
system

Front camera

- Yaw angle — /m ‘

Steering Angle | < 2|

controller s N
‘

Hinh 4. Cdu triic xit Iy anh lan dwong.

Sau d6, dit li€u hinh anh s€ dugc phan vung quan tdm
(Region of Interest — ROI). Vung quan tam trong xur ly danh
tor camera trén 0 t6 dugc xac dinh tir dudi cung cua hinh
anh va mé rong lén trén, thuong khong vuot qua mot nura
chiéu cao ctia anh. Diéu nay sé& gitip loai bé khu vuc khong
can thiét nhu bau troi, giam tinh toan va cai thién hiéu qua.
Hinh 5 14 cach ma chung tdi tinh toan phan ving can quan
tam.
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+ve

Y-intercept #

X-intercept

Hinh 5. Phdn vang quan tam lan duwong.

ROI c6 dang hinh thang dé phan anh sy thu hep cia
duong khi khoang céach tang dan. Tinh todn bang cong thirc
sau:

Dinh trén bén trai:
(1-top _width _ratio) x width N

top _left = 2 (1)
(top _height _ratio x height)

DPinh trén bén phai:
(I+top _width _ratio)x width “
top _right= 2 2)
(top _height _ratio x height)

Dinh dudi bén trai:
bottom _left = (0, height) ()
DPinh dudi bén phai:
bottom _right = (width, height) “

Qua do, chung t6i str dung thuat toan Hough Transform
(HT). b6 1a mét phuong phap manh mé dugc sit dung trong
xtr Iy anh dé phat hién cac duong thing tir hinh anh dau vao.
Thuat toan nay chuyén doi dit liéu diém anh tir khong gian
toa do (x,y) sang khong gian tham sé (p,0). Hough
Transform dugc tinh toan dudi cong thirc sau:

p =xxcos(d)+ yxsin(f) %)

Khi 4p dung thuat toan, mdi diém trong khong gian anh
dugc anh xa thanh mot dudng sin trong khong gian tham s6
(p,0). Giao diém cua cac dudong nay trong khong gian
Hough thé hién mot dudng thing trong khong gian anh.
Hinh 6 thé hién anh xa cac diém tham chiéu ban dd canh
sang khong gian Hough.

Lé Tién Loc
Y
E((x,y)
P E,(x,)
0 E,(x,y) E
(a) Edge map X (b) Hough space 0

Hinh 6. Anh xq cdc diém tham chiéu ban dé canh sang khéng
gian Hough.

Lan duong dugc phat hién bao gdm nhiéu doan thing
duéi dang phuong trinh phi tuyén tinh (5), d6 déc m duge
tinh theo cong thirc (6) va giao diém véi truc y duoc xac
dinh cong thtc (7).

m:u (6)
Xy =X

C=Y), -mxXx @)

y=mx+c ()

Lan duong trai va lan duong phai dugc xac dinh dya
trén ranh gidi va ving trung tam ctia anh ¢ hinh 7, cac doan
dbc 4m thudc ving trai cia anh va cac doan déc duong
thudc ving phai cua anh. Cong thtrc (9),(10).

Xpy =Xy | W,

1
= —— |- <
xoﬁ’set 7 2 ’xoﬁet 009)
_[ ®w ~Hwy | W 10
{xoffset_( > ) ’xoffet>0( )
Image 1024x600 /2 1024 Tmage 1024x600  "/2 1024

i . i
Xoirys Vo N X 5 . )
o2 | () P20} (e )

(iry Yimy)
—9-

- 600
Vehicle(Xz)» ),
chicle(Xi ) Yicr)) Gy i)

.

X,,,”*X”,,+x Xigry ~ ¥
2 T

Xoffer<o 0

Hinh 7. Phwong phdp tinh todn.

Lan dl{bng trai, phéi duoc phan biét’ cAn tinh lan "duémg
dai dién bang cach lay trung binh d6 doc va giao diém cua
cac doan thang hop 1€ theo cong thue (11).

1 n
average(m,c) =— 2. (m;,c,) (1
ni-l

Y offset 1a khoang cach ¢é dinh bang mot nira chiéu

cao cua anh hudéng nhin ra phia truéc, dua vao gia tri
x_offset va y offset tinh toan goc 1ai ctia xe theo thuce (12).
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X,
angle to_mid _radian = arctan Zoffet

12)
Y offset

Goc lai dugce tinh toan dudi dang radian nén can chuyén
doi gia tri tir radian sang d¢ dé gt goc lai thuc té va diéu
khién servo.

180
steering _angle = (angletomidradian X —j (13)
T

Goc lai duge tinh toan do nhiéu yéu t tac dong lan
duong dugc phat hién nhu mau séc va anh sang dan dén
vi€c nhan dién lan dudng c6 nhiing hé s6 sai 1éch. Bo loc
luot mii (EMA) duoc ding dé lam muot goc lai trong qua
trinh xtr 1y anh, lam giam nhiu sy sai s6.

smoothed _angle =

. (14)
axcurrent _angle+(1-a)x previous _angle

3.2 Phat hién vat can va trach vat can

Chung t6i dat hai cam bién siéu am phia trudc va bén
hong xe két noi véi cong vao va ra cua Jetson Nano. Moi
song si€u am dugc nhén lai sau khi phan xa tir vat can,

khoang cach tur vat can dén xe co thé duoc tinh toan theo
cong thuc sau:

=1l
L=(9%xA0)/2

(15)

Thoi gian phat song si€u am dugce ki hi¢u 1a t0 thoi gian
nhén lai séng siéu Am phan xa dugc ki hiéu 1a t;, va At dai
dién cho khoang thoi gian viéc phat song am va nhén lai
tiéng vong khi phan xa trong hinh 8. Khoang cach do duoc
1a L, van téc 4m thanh dugc biéu thi 1a V [5].

g Receiver

Transmitter original wave |

Hinh 7. Cdch hogt dong cua cam bién siéu ém.
3.3 Phat hién tin hi¢u giao thong va doi twong

Véi viée dé cao vé tinh chinh x4c cao va téc d phat
hién nhanh, mé hinh YOLOV5 dép tng duogc yéu cau cua
céc tmg dung thoi gian thuc. YOLOVS c6 thé chia thanh ba
thanh phan chinh: backbone, neck va head [8]. Hinh 9 1a
céu trac téng thé cia Yolovs.

Backbone: CSP NeckPANet Head Yolo Layer

- Cross Stage Partial Convolutional
Network Layer

Spatial Pyramid - Concatenate
Pooling Function

Hinh 9. Cdu triic YOLOVS.

- Backbone: La céu triic chinh chiu trach nhiém viéc
trich xuét fetures maps tir hinh anh dau vao va ding Cross
Stage Partial (CSP) gitip toi wu héa qué trinh. Qua mdi 16p
convolution, kich thudc cta dir li€u hinh anh s€ giam di,
gitip giam lwong tinh toan va ting toc do xir 1y.

- Neck: YOLOvS5 sir dung MaxPooling tuan tu.
MaxPooling tuan tu giup giam s6 luong phép tinh va ting
tdc do tinh toan, déng thoi van dam bao kha nang hoc duoc
cac dac trung da muec.

Kim ty thap fetures map 1a mot thanh phan co ban trong
cac hé théng nhén dang dé phat hién cac ddi tugng & cac
quy mo khac nhau tai hinh 10. Viéc xay dung mot kim ty
thap gdm cac feature map, cac tang thap c6 do phan giai
cao nhung it thong tin ngit nghia, cac tang cao c6 d¢ phan
giai thap nhung nhiéu thong tin ngir nghia véi phuong phap
skip connection dé két hop dir liéu tir cac tang khac nhau
bang cich cho phép bo qua cic phép tinh phi tuyén
tinh[9],[10].

- Head: st dung cac feature map tir Neck dé du doan toa
d9, xéac suat va 16p cac doi tugng dua ra dau ra cudi cung
dudi dang vecto dai dién cho vi tri va loai d6i tugng.

Dé nang cao kha niang nhan thirc cia xe ching toi sir
dung md hinh YOLOV5 dé dao tao. Chiing t6i d4 tién hanh
thu thap gan 1500 di liéu anh dé thue hién dao tao céc tin
hiéu giao thong, ngudi di bo, xe va giao 16. Anh s& dugc
thu thap tir Camera Pi V2 va luu vao Raspberry Pi5 va luu
vao tap dir li¢u, dit liéu duoc thu thap ching t6i chia thanh
3 phﬁn thu muc 1a test, train, valid ting kha nang nhén dién
cua mo hinh.
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trainicls_loss metricsjpracision metricsirecall

Céac dbi tugng cu thé nhu bién bao s& duoc chia thanh LG
tap dit liéu riéng biét. i twong nhu xe, ngudi di bd, nguoi o0
di xe dap s€ dugc luu vao va huén luyén thanh tirng phén
riéng biét giip nhan dién chinh xac mo hinh, sau d6 ching
toi tién hanh gan nhan dir liéu da duoc thu thap va luu dudi s A w0 Wb e 8§ B m e oam wmE ™ we g
dang txt dé giup mo hinh c¢6 thé nhan biét mé hinh phat hién pche ombguexs eerdnzssee
1a d6i twong nao. Hinh 11 thé hién bién bdo, vat thé da wa ,
duoc gan nhan dir li¢u hoan tat qué trinh chuén bi data cho oo . o
qué trinh huén luyén. Sau khi hoan tat qua trinh hudn luyén j ' 2 i

chung t61 thu dwoc dang biéu d6 dé thong ké s6 lugng nhan G WG W 9 W w @ D am mE b GE W
dir liéu dugc gan trong hinh 12.

Hinh 13. Biéu dé két qua hudn luyén.

Biéu dd trén hinh 13 cho thiy két qua dao tao kha tdt,
training loss va validation loss déu giam dan cho thiy mo
hinh hoc tét trong quéa trinh huidn luyén ma khong bi
overfitting. Precision va recall déubang 1 cho thdy mé hinh
dua ra du doan chinh xé4c va tim dugc hau hét cac mau
duong trong dir li€u.

4. KET QUA THU NGHIEM

Sau khi thuc hién tinh toan cac gidi phap loc nhiéu, ting
d6 chinh x4c va tinh toan tdi wu goc 1ai nhan dién lan duong
dung Hough Transform, goc 1ai cho ra ¢6 muc d6 6n dinh
cao cu thé nhu Hinh 14. Két quéa cho thay goc lai trude va
sau khi t6i uu dat hiéu qua tSt hon, tranh dugc tinh huéng
goc lai danh qua nhanh va bét chot.
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Hinh 12. S6 liwong label thong ké tir YOLOVS.

Sau khi ¢6 dugc dit liéu bao gdm anh va nhan dir liéu
chung t6i tién hanh huan luyén, ching t6i tién hanh train
thtr nghiém voi cac s6 lan epoch khac nhau, lan dau tién
tién hanh dao tao v&i 100 epoch m hinh ¢6 thé nhan dién
duogc tuy nhién do dir li€u 16n va viéc dao tao chua du vi
véy d6 chinh x4c chua tot, nén ching t6i tiép tuc tién hanh
dao tao va thu duoc két qua t6t & 600 epoch.

Hinh 8. Két qud nhdn dién lan dwong.

Hinh 15 cho thiy camera clia xe dd nhan dién rd rang
dé thu thap hinh anh d6 dua vao bo xur ly tin hi¢u dau vao,
sau qua trinh xtr 1y da cho ra két qua chinh xac.
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Ung dung céng nghé xir Iy anh va mé hinh hoc sdu phat trién xe tw ldi

Hinh 9. Két qua huan luyén bién bdo.

Sau d6 két qua thé hién nhu hinh 16, khi chiing téi cho
xe chay thir trén ban dd that va dat cac vat thé, bién bao, xe
va con ngudi. Trong lic xe di chuyén kha nang nhan dién
va phat hién cac ddi twong d6 dung 90%.

Hinh 10. Két qua hudn luyén doi twong.

Chung t61 da thir nghiém viéc phat hién lan duong trén
tat ca cac moi trrong va dicu kién khac nhau va thu duogc
cac két qua noi bat thé hién trén hinh 17.

Ngoai ra, chung t6i con thir nghiém trén ban dd thuc va
ghi lai nhitng dit liéu xr Iy anh do lan duong khi chay thuc
té. Hinh anh va video thir nghiém cho thay kha ning nhan
dién lan dudng mot cach chinh x4c va phan doan tinh hudng
du dé dam bao giir khoang cach an toan. Chi tiét video thyc
nghiém cé thé xem tai link sau:

https://youtu.be/jpgMhoUd3CQ?si=TItN_K817n913v3
5.KET LUAN

Bai bdo chung t6i da trinh bay phuong phap nghién ctu
va phat trién xe ty hanh dya trén nén tang hé diéu hanh
Robot Operating System (ROS) cho nhiing bai toan diéu
huéng tw dong trong mot mdi trudng tuén theo hé thong
giao thong dudng bd. Vi viée dung phuong phap xu Iy anh
dé phat hién lan duong dam bao tinh chinh xac cao 1én dén
90%. Véi wu diém phat hién va nhan dién rd rang cac huéng
di, xe c6 thé tinh toan nhiing goc 1ai on dinh dé c6 thé di
chuyén chinh xac trén duong. Ngoai ra viéc st dung
YOLOVS5 dé nhan dién cac ddi tugng ciing gitp ich cho xe
vé kha nang nhan dién va hoc cac d6i tugng d6. Cac két qua
thir nghiém trén ban do that da cho thdy tinh hiéu qua va
kha thi cta cac nghién ctru ma ching t6i dua ra. Mac du,
chung t6i gap khong it nhimg kho khan vé mat chi phi,
nhitng tdc ddng mai trudng anh hudng tdi sy hoan thién cua
cac phuong phap,... Tiép dén, chung t6i dang nghién ciru
vé phuong phap méi dé xe c6 thé tdi wu va han ché nhiing
tac dong ngoai ludng va co thé ap dung 1én mot chiéc xe
that.
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