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TOM TAT

Bai béo trinh bay qué trinh nghién ctru va ché tao mé hinh xe ty hanh sir dung xir 1y anh
dé nhan dang lan dudng, bién béo va dén giao thong nhdm diéu khién xe di chuyén ty
dong. Hé thdng duoc xdy dung dua trén nén tang Raspberry Pi 4 va Nucleo, két hop céc
thuat toan nhu Canny, Hough Transform va mang no-ron dé xir 1y dit liéu hinh anh thoi
gian thyc. M6 hinh dugc thiét ké huéng dén diéu kién giao thong Viét Nam, c6 kha ning
nhan dang bién béo, dung xe va r€ theo tin hiéu thuc té. Két qua cho théy d6 6n dinh va
kha ning xtr Iy chinh xéc trong diéu kién anh sang va moi truong thay doi, gop phan lam
co s& cho phat trién xe tw hanh quy mé 16n trong tuong lai.

TU KHOA: Xe tu lai, xir Iy anh, diéu khién, dan duong

ABSTRACT

The paper presents the process of researching and manufacturing a self-driving car model
that uses image processing to recognize lanes, signs, and traffic lights to control the car'’s
movement automatically. The system is built on the Raspberry Pi 4 and Nucleo platforms,
combining algorithms such as Canny, Hough Transform and neural networks to process
real-time image data. The model is designed to target Vietnam's traffic conditions, with
the ability to recognize signs and stop and turn according to real signals. The results
show stability and accurate handling in changing light and environmental conditions,
contributing to the basis for large-scale autonomous vehicle development in the future.
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1. Mé& dau

Trong nhitg nim gan day, nhiéu hé
thong thi giac dugc sir dung cho dan duong
xe, canh bao lan duong va tranh vat can
da duoc nghién ctru va phat trién, trong d6
Daimler-Benz da phat trién mau xe VITA
IT c6 kha nang lai ty dong trén duong cao
téc va hoan thanh cac bai thir nghiém ma

khong can tuong tac voi nguoi 1ai. Ngoai
ra, cac cong ty nhu Tesla, Uber, Google
va Apple dang thuc day viéc sir dung xir
ly anh trong hé thong lai xe ty hanh trong
giao thong [1]. Ngoai ra, cac phuong tién
tu hanh dang trd nén phd bién hon trong
cac linh vuc y té, siéu thi, truong hoc, v.v.
B§ xur 1y trung tdm nhén dir li¢u quan sat
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tir camera. Khi duoc két hop véi dit liéu tir
cam bién hong ngoai va siéu 4m, xe co thé
141 theo yéu cau vé ddi tuong, lan dudng va
tranh vat can [1]. Xe 6 t6 tu 14i hoat dong
dya vao cam bién, bo diéu khién, thuat
toan, hé théng may hoc va bd xir ly manh
mé, tao va duy tri ban d6 moi truong xung
quanh dua trén nhiéu loai cam bién nhu:
Cam bién radar, camera video, cam bién
lidar, cam bién siéu am,....

Theo [2] c6 6 thang do cac cap do xe
tur 1ai s& bat dau tir Cap d6 0 — tire 1a khong
hé ¢6 sy trg gitip nao tir phuong tién — cho
dén Cap d6 5 —khi phuong tién ty chi hoan
toan ma khong can dén bat ctr thao tac diéu
khién nao dén tir ngudi ngdi sau vo-lang:

- Xe tu 1ai cip d6 0 — Khong ty dong
hoa: O cap d6 nay, ngudi 14i s& hoan toan
phu trach viéc diéu khién phuong tién, tir
déanh 14i, ting tdc, phanh, d6 xe hay bat cir
hanh dong nao nham diéu hudng chiéc xe.

- Xe tu lai cdp d6 1 — hd tro nguoi 14i:
O cép do thap nhat trong thang phan loai
xe 0 to tu lai, ngum lai phai thyc hién hau
hét cac tac vu can thlet dé diéu khién chiéc
xe, két hop v6i mot sb tinh nang nhat dinh.

- Xe tu lai cép d0 2 - Ty hanh mot phﬁn
dudi su giam sat cua tai xé: O cap do tu lai
nay, chiéc xe khong chi c6 mot hé théng hd
trg nguoi 1ai duy nhéit, ma con sé hitu hé
thong H6 tro ngudi l4i nang cao - Advanced
Driver Assistance Systems (ADAS) duoc
lap trinh tu trudc giap phuong tién tu danh
lai, ting tbc va phanh trong nhiing tinh
huéng phtc tap.

- Xe ty lai cip do 3 - Tu lai co diéu
kién, co tai xé: Cép ddé nay con duoc goi
1a tu dong hoa co diéu kién, véi nhiéu hé
thdng hd trg nguoi lai s& dugce lap trinh dé
dua ra quyét dinh (bang tri tué nhan tao
- Al) theo thoi gian thuc dua vao sy thay
ddi cia méi trudng giao théng xung quanh
chiéc xe.

- Xe tu 14i cip d6 4 - Tu lai co diéu
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kign, khong tai xé: Pugc goi 1a xe tu lai
cap dd cao, nhiing phuong tién tu dong hoa
Cap do 4 & khéng can bét clr twong tic nao
cua tai xé trong qua trinh van hanh xe, vi xe
dugc lap trinh dé ty ding trong truong hop
h¢ thong bi 15i.

- Xe tu lai c?ip do 5 - Ty dong hoa
khong diéu kién: bay la muac do tu 1ai cao
nhét trong thang do ctia SAE. O cip do nay,
chiéc xe hoan toan ty dong di chuyén va
xir 1y tinh hudng theo thoi gian thyc ma
khong can dén bat ky sy twong tic nao tir
phia nguoi lai.

2. Co s6 ly thuyét va xay dung thuat
toan xir ly anh

2.1. Céu tric xe tu 1ai

- CAu tao cua hé théng xe tu lai gém 3
phan chinh [3]: Khdi thu tin hiéu, khdi tiép
nhén xu 1y tin hi¢u va khéi chép hanh.

+ Khéi thu tin hiéu c6 nhiém vu chinh
1a thu nhan cac tin hiéu tir bién bao (r€ trai,
€ phai), lan duong, xé4c dinh vat can sau do6
gui tin hiéu vé khoi tiép nhan.

+ Khbi tiép nhan va xir 1y tin hiéu c
nhiém vu nhan tin hi€u gui tdi, tai day nd
s€ phan tich, tinh toan va xur 1y tin hiu.

+ Khéi chip hanh c6 nhiém vu thuc hién
cac tin hiéu tir bd chép hanh va quyét dinh
thue hién cac thao tdc nhu danh 141, dung lai
khi gé@p vat can, bam duong theo line.

Khdi tin hiéu ]

(Khéi tiép nhén va xtr 15/)

Khéi chdp hanh J

Hinh 1: So dé khéi cta hé théng cdu tric xe tu' Idi
2.2. Phwong phap diéu khién xe tu lai
"M hinh hé théng xe tw hanh dugc diéu
khién nhu sau:
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- Hé thdng ngudn s& théng qua mach
giam ap cung cdp ngudn cho céc thiét bi
hoat dong.

- Xe s€ nhan dang duodng lane, bién
bdo, vat can thong qua camera.

- B6 trung tam (Raspberry Pi 4) s& tiép
nhan va xu li tin hiéu dau vao tir camera .

- Sau khi xir 1i tin hiéu dau vao bo trung
tam (Raspberry Pi 4) s truyén tin hiéu dén
bo mach vi diéu khién Nucleo. Tai day
bo mach vi diéu khién Nucleo s& tiép tuc
xtr li tin hi€u tir bg trung tdm gui tin hi€u
dén mach cau dé diéu khién Motor va diéu
khién goc lai

Power Camera
~ —
&= | — (| |
DC-DC RaspberryPI4  Bién bio
LM2596 V
Sy | ﬂ «— bg’ — ‘y
Motor Mach cu Nucleo Goclai

Hinh 2: So dé hé théng xe tu hanh [4]

2.3. Phwong phap giai quyét bai toan
diéu khién xe theo lan dwong

Vi bai toan diéu khién xe theo lan
duong chi quan tdim dén lan dudng ngay
phia truéc xe va can tim ra goc lai dua
vao cac duong ké lan nay, tac gia dua ra
phuong phép sau [5]:

- Budc 1: Dung bd loc Canny dé tim
cac pixel canh chua thong tin quan trong
nhat cta lan dudng

- Budc 2: Cit phan anh quan tam, 13 tir
giac thudc nira phan dudi ciia anh chi lan
duong can xir Iy

- Budc 3: Dung thuat toan Hough
Transform tim cic tham s6 doan thang
tir tap hop cac pixel trong anh két qua tur
Budc 2
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- Budc 4: Tinh trung binh cac hé sb dé
tim cac dudng thing tong quat mé ta lan
duong, nhiéu nhat 14 2 (néu du 2 dudng cia
1 1an) hodc 1 (néu chi phat hién 1 trong 2
dong ké 1an) hodc 0 (néu khong phat hién
vach ké nao)

- Budce 5: Dung céac phép toan luong
gidc dé tim ra goc 1ai can thiét dé diéu
khién xe di 6n dinh giira lan dudng

Céc budc trén duogc minh hoa qua cac
anh nho thé hién trong Hinh 3.

ERETE KD
Hinh 3: Cdc bu'éc tim géc ldi tir anh chup camera
trudrc cta xe

2.4. So' 6 khoi 1ap trinh diéu khién
xe tu hanh

So d6 khbi dudi day mo ta quy trinh xir
1y anh va diéu khién xe tu hanh thong qua
thi gidc may tinh:

( Camera )

\/
Converter Detect Select Detect line
to grey edges ROIL segments
Y
Steering < y=ax+b
angle

Hinh 4: So dé khéi Idp trinh diéu khién xe tu hanh
Nho do, tur tap cac doan roi rac ban
dau, hé théng s€ thu duogc hai doan théng
rd rang, on dinh va dai dién cho hai lan
duong bén trai va bén phai, chuan bi cho
budc hién thi hodc xtr 1y tiép theo trong hé
thong hd tro 14i xe hinh 5.
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Hinh 5: Tinh todn va tao dudng lan

2.5. Tinh toan gia tri goc lai

Puong trung tdm chiu trach nhi€ém cung
cép cho dong co servo lai hudéng ma no s&
quay va cung cap cho dong co DC tiét luu
tdc dd ma no s& hoat dong. Viéc tinh toan
mot duong nhu vay la mot phép toan luong
giac thuan tay va cac trudong hop cuc doan
trong d6 6 tO chi tim thdy mot hoic khong
tim thdy mot duong lan nao dugc nghién
ctru trong céc diéu kién if-elif-else

Widih/2
A !
=
) [ S U S
T o
& 2
5 .
> T
\
. Widih _

Hinh 6: Bi€u dién dé léch X va Y dé tinh géc Idi

Ham  calculating_steering_angle()
dung dé tinh goc danh 14i (steering angle)
dua trén vi tri cia cac lan duong da phat
hién trong anh dau vao gdm: Khong phat
hién dugc lan duong nao, chi phat hién

ISSN: 3126-2953
E-ISSN: 3126-30897

dugc mdt lan dudng va phat hién dugc ca
hai lan duong.

2.6. Thuat toan nhéan dién bién bao
giao thong

Phat hién bién bao giao théng (TSD
- Traffic Sign Detection) va phan loai
bién bao giao thong (TSC - Traffic Sign
Classification) 1a mdt trong nhiing nhiém vu
kho khan nhat ddi voi hé théng xe ty hanh.
Nhiém vu nay doi héi viéc st dung camera
gan trén xe dé thu nhan hinh anh duong di
theo thoi gian thuce, sau d6 phat hién va xéc
dinh chinh x4c cac bién bio nham cung cip
thong tin hd tro hé thong diéu khién.

Tuy nhién, diéu kién moi truong thuc
té thu:ong rat phic tap. Anh sang thay doi,
bién bao bi mo, phai mau, chuyen dong
nhanh hoidc bi che khuat... déu 13 nhimg
yéu to giy khé khan cho thuat toan nhan
dang. Du hién nay dd c6 nhiéu phuong
phép thi gidc may tinh (computer vision)
ho trg TSD va TSC, nhung van can dugc
tiép tuc ngh1en clru va cai tién.

Trong bdi canh nhéan dang bién bao,
hai nhiém vu cot 15i can thyc hién 1a:

TSD (Traffic Sign Detection): Xac
dinh vi tri va kich thudc caa bién bao trong
anh dau vao.

TSC (Traffic Sign Classification):
Phan loai bién bao duoc phat hién vao
dung nhom/ching loai (vi du: cAm, canh
bdo, chi dan...).

(" Detectionand )

Extraction sign

—>| Thresholding
Filters and Labeling
)

Preproces sing

Tnput Conversion
flow RGB-1ISV

Sign Matching Extraction
identified leatun:s leatures

Database of
the Signs

Hinh 7: Luu dé phdt hién bién bdo giao théng
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2.7. Thuat toan phat hién dén giao
thong

Dén tin hiéu giao thong la mot trong
nhirg huéng dan théng tin quan trong nhat
cua tin hiéu giao thong: viéc xac dinh trudce
chinh x4c dén tin hi¢u giao thong c6 lgi cho
viéc l1ap ké hoach trudc duong di cua cac
phuong tién dugc ndi mang thong minh.
Vi vay, viéc nghién clru cong nghé nhan
dang den tin hi€u giao thong cd y nghia
quan trong va trién vong tng dung tot. Dé
nhan dang den giao thong, cac chirc nang
phai la:

« Thu thap hinh 4nh va tién xir Iy cac
hinh anh duoc thu thap.

« Nha diéu hanh Canny dé phat hién
canh.

« Phuong phép trich diém pixel dé
nhén dang mau deén giao thong.

Céac thuat toan khac duoc tdi uu hoa
hon lai bao gém cac giai doan dao tao va
phan loai dién hinh cua mang no-ron.

Hinh 8: Semaphore du'oc sit dung so véi dén giao
thong thuc

3. Thir nghiém mo hinh

Trong phan nay, nhom tac gia sé dugc
tién hanh thuc nghiém mo hinh nham danh
gia lai m6 hinh nghién ctru ly thuyét va lap
trinh diéu khién. Sau khi da hoan tat céc
budc khoi dong hé thdng va chay chuong
trinh nhan di¢n lan duong. Pat moé hinh xe
1én duong mo6 phong, ddm bao xe hudng
vé phia trudc va ndm trong lan tring ké sin
Hinh 9. Quan sat hé théng camera trén xe
truyén tin hiéu vé may xtr 1y, chuong trinh
s€ tu dong thuc hién:
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- Xtr ly anh tir camera dé phat hién lan
duong.

- Tinh toan goc lai va diéu chinh tay 1ai
theo d6 cong cua lan.

- Piéu khién xe di chuyén theo lan
duong da nhan dang.

- H¢ théng s€ duy tri viéc nhan dién
va diéu khién trong thoi gian thyc, cho
phép xe tu dong di chuyén theo duong
dinh sin ma khong can ngudi diéu khién
truc tiép

Hinh 9: Van hanh mé hinh xe tu hanh nhan dang
dudng lane duong

Két qua thyc nghiém cho thdy mo
hinh xe hoat dong tot trong diéu kién anh
sang tot, bién bao giao thong cao 15cm,
ban kinh bién 7cm, tbc d6 mang két ndi
6n dinh, mé hinh hoat dong voi toc do
thap (1,5mHz-1,6mHz) khoang 1m/s. Toc
d6 trung binh khoang 0,5m/s v6i cac ché
d6 nhu sau: M6 hinh di chuyén trén map
khong c6 bién bao va vét can, md hinh
di chuyén trén lan duong khong c6 bién
bdo va cd vat can, mo hinh khong 1€ vao
duong cam, ding lai khi thdy, vach nguoi
qua duong, bién bao STOP, md hinh di
chuyén dua trén tin hiéu dén giao thong.
Céc thtr nghiém cho thay xe dép tng duoc
vé kha nang nhan dang dugc bién bao, lan
duong. Trong diéu kién anh sang nhiéu
thi van con 16i trong viéc nhan dang lan
duong va bién béo, day ciing chinh 1 mot
phan han ché ma nhom nghién ctru can
phai hoan thién hon
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4. Két luan

Phuong phéap diéu khién xe tu hanh
tich hop véi thuat todn nhan dang va du
doan quy dao di chuyén cua ddi tuong da
dugc trinh bay trong bai bao véi dbi tuong
12 m6 hinh. Cac két qua thuc nghiém cho
thdy mo hinh hoat dong tot va on dinh. Két
qué nay cho thay rang cac hé thong camera
3D va cam bién quanh xe c6 thé duoc ap
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dung va phdi hop véi nhau hoan toan co
thé dugc ap dung vao cac mo hinh hé thong
xe tu hanh thuc té duoc str dung trong hoat
dong giao thong hién tai tai Viét Nam. Tuy
nhién, nghién ctru nay chi thtr nghi€m trén
md hinh, tdc d6 thap, diéu kién don gian,
nhom nghién ctru s& phat trién nghién ciru
nay trén mo hinh 16n hon va sat thuc véi
diéu kién thuc té hon.
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