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TOM TAT

Nhdn dang dwong di cho 6 to chay tu dong la mot dé tai hé tro cho hé th(jng giao thong
théng minh. Nghién ciru ndy sir dung phan mém Matlab va cdc Toolbox ciia né la: Image
Processing, Image Acquistion System, Computer Vision System lam cong cu chinh dé thu thdp
va xit 1. Trén mé hinh dwong la dweong nhwa véi cdc gia dinh: van ciia dwong la dong nhat, dau
phan cdch lan dwong tudn theo quy chudn cia vach ké dwong, khodng cdch giita cac dau phdn
cdch la khéng doi. Dé tai nghién citu sir dung webcam lam bé phdn thu thdp hinh anh chinh.
Tir hinh anh thu dwoc sit dung bé loc FIR 2D dé loc dnh va bién déi anh thanh anh nhi phan,
ding bién doi Hough dé xdc dinh cdc dau phan cdch dwong, lan dwong. Tinh todn khodng céch
dwa trén cdc dau phdn cach thu dwoc dé dwa ra tin hiéu vé dwong di cho phdn diéu khién xe tw
déng théng qua chudn giao tiép RS232. Pé tai da xdy dung dwoc mét chirong trinh nhdn dang
dwong di va da thuc thi co hiéu qua trén cac doan dwong thir nghiém.

Tir khéa: Hough Transform, diéu khién, lan dwong, MATLAB, nhdn dang, xe tw hanh.

ABSTRACT

Image processing has many applications in intelligent transportation system. Lane detection
and tracking for autonomous vehicle is the one of that. This study uses Matlab software and it’s
Toolbox: Image Processing, Image Acquistion System and Computer Vision System as the main
tool to collect and process. The road model is assumped that: texture of road are identical. Lane
makers follow lane rules. The distance between the lane makers is constant. This project uses
webcam to collect the images. From the images obtained by using the 2D FIR filter, grayscale
image is achieved. The image are converted into binary images, thenn by using Canny method
and Hough transform available in Matlab to determine the lane makers and lane deparment.
Calculate the distance based on separator obtained to provide signal for autonomous vehicle
via the standard RS232 interface. The experimental results on local streets show that the sug-
gested program is very reliable.

Key words: Hough Transform, control, lane, MATLAB, detection, autonomous car.

I. GIOI THIEU

Ngay nay, ching t6i nhan thiy rang cac nha
nghién clru tip trung vao vi¢c gia tdng tinh an
toan cho 6 to dé giam thiéu t6i da nguy co giy
tai nan giao thong. Da c6 nhiéu nghién ctru vé
hé théng hd trg nguoi lai vé lan dudng nhu
canh bédo 1éch lan duong, hd tro db xe, canh

bao va cham... dua trén cac hé théng cam bién
dugc gin trén 6 t6. Trong d6, cong nghé xe
tu 1ai dugc cho 1a an toan hon, don gian vi
may moc hoat dong nhanh hon con ngudi. S6
khung hinh mdi gidy ma mét thuong chung ta
ndm bit it hon mdt may quay téc do cao, nio
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chung ta xtr ly dir li¢u va phan tmg cham hon
CPU may tinh. Va chan tay con nguoi thua xa
vé toc d6 lam viée so véi nhitng co cAu dién
tur.

O Viét Nam, co sé ha tang giao thong dang
dan duoc cai thién. Viéc xay dung mot hé
thong giao thong thong minh 1 van dé& cip
thiét trong cong cudc cong nghiép héa, hién
dai hoa dat nudc. Nghién ciru, xay dung céac
cong cu hd trg cho hé théng giao thong thong
minh trong d6 c6é phuong tién giao thong
thong minh 13 yéu ciu cta thoi dai va viée tng
dung xir Iy 4nh dé nhan dang duong di cho 6
t6 chay tu dong cling nham muc dich nay.

II. PHUONG PHAP NGHIEN CUU
1. Co sé 1y thuyét

Dung bién d6i Hough [1] dé xac dinh dau
phén cach lan duong trong anh:

0 A/ N

P X.COSP+Y.Sinp=r
MATLAB.~H

b

XN

Hinh 1: Duong thgfng Hough trong toa do
Deé-cac [2]

M&i diém (x,y) trong mit phiang dugc biéu
dién bai cip (r, p) trong toa do cuc.

Twong ty mdi duong thing trong mit
phang ciing c6 thé biéu dién boi mot cip (r,
¢) trong toa do cuc voi r 1a khoang cach tur
goc toa do toi duong thang d6 va ¢ 1a goc tao
boi truc Ox voi duong thang vudng goc véi
no, hinh 1 biéu dién duong thang Hough trong
toa d6 Pé-cac. Nguoc lai, mdi mot cap (r, ¢)
trong toa do cuc ciing twong tmg biéu dién
mot dudng thang trong mit phang.

Gia su M(X,y) 13 mot diém thudc duong
thang dugc biéu dién boi (r,p), goi H(X,y) la
hinh chiéu ctia goc toa d6 O trén duong thang

ta cO x = rcos@, y = rsing. Mdt khac, ta co:
OH.HA=0.

Tir 46 c6 mdi lién hé (x,y) va (r,9) nhu sau:
XCosQ+ ysin(p =r. Xét n diém thang hang trong
toa d6 Pé-cac co phuong trinh xcosj * ysinj,
=1 . Bién d6i Hough anh xa n diém nay thanh
n du’O’ng sin trong toa d6 cuc ma cac duong
nay déu di qua diém (r,¢). Giao diém (r,p) cta
n duong sé& xac dinh mot duong thang trong hé
toa d6 Pé-cac. Nhu vay nhimg dudng thang di
qua diém (x,y) s& cho duy nhat mét cip (r,p)
va ¢6 bao nhiéu dudng di qua (x,y) s& co biy
nhiéu cap gia tri (1,¢).

Trong bai toan ciia dé tai, xét cac diém anh
thang hang nam trén du phan cach lan duong,
dung bién d6i Hough dé xdy dung méng tich
iy céc gia tri (r,). Tim gié tri cyc dai trong
mang tich Iy, gia tri cuc dai do tuong tng véi
dau phéan cach lan dudng trong anh.

2. M6 hinh tong quat

— a

[ MATLAB ]

F 3
4 v I
TOOLBOX

Image Acquistion Toolbox

Computer Vision Toolbox
Image Processing Toolbox

M-file function

Hardware driver adaptor

F Y

v
Hardware device driver

USB Camera

RS232

Hinh 2: M6 hinh tong qudt [1]

Dé tai sir dung mo hinh xir 1y tham khao nhu
hinh 2. Phan mém Matlab 13 cong cu xu 1y
chlnh giao tlep véi thiét bi ngoai vi thong qua
cong usb va cong COM. Trong do, camera
giao tiép voi may tinh bang cong usb, truyén
tin hiéu dén phan cing bang cong COM.
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3. M6 hinh cia dé tai
MATLAB

Thu nhan anh
(Webcam )

Tién x1t Iy va phan doan anh
v
Biéu dién va mé ta anh
Nhn dang va giai thich
Xuat tin hiéu didu khién
(Chuan RS232)

Hinh 3: M6 hinh ciia dé tai
4. Thu nhan dnh

a. Chon va thiét 1ap camera

Pay la budc rit quan trong boi nd cd anh
huong rat 16n dén do chinh xac trong qua
trinh xur 1y dbi véi cac dé tai ung dung xur ly
anh. Budc nay dé cap dén viéc thiét 1ap vi tri

ghi hinh. D¢ phén giai ctia camera, tbc do ghi
hinh.

Camera duogc st dung trong dé tai 1a Logitech
webcam 905. Co céc thong so:

e Do phan giai: 2MP (up to SMP).

e Kich thudc khung hinh téi da la:
1600x1200 pixels, anh RGB.

e Giao tiép méy tinh: USB.

B
Hinh 4: Thiét ldp géc quay
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Kich thudc khung hinh thu thap tir thiét
bi ndy nam trong khoang tir 160x90 cho dén
1600x1200.Thong s6 webcam duoc chon
trong d¢é tai 1a ‘RGB24 640x480°. Toc do ghi
hinh 13 30fps. Thiét 1ap goc quay nhu hinh 4,
voi ty 1€

Manual configuration

X-Offset: |
¥-Offset: I
Width: |

Height: |

Height

- -

Hinh 5: Vang quan tam [3]
b. Thu nhin anh tir camera

Str dung ham imaq.VideoDevice trong thu
vién Image Acquistion System Toolbox [3] dé
thu tap hinh anh tr webcam. Trong d6 vung
quan tam ROI , v6i y nghia nhu hinh 5. Sau
do, trich xuét timg khung hinh rdi tao vong
lap xu ly.

5. Tién xir Iy anh

[

Hinh 6: Anh dau vao

O budc nay, anh s€ dugc cai thién vé do
tuong phan, loc, xam hoa... v61 muc dich cho
chét lugng anh t6t hon.

Sau d6, chia d4nh dAu vao thanh nhiéu phan
nho va chon nhitng vung anh cin quan tim dé
xir 1y. Vi du: Anh déu vao nhu hinh 6 thi viing
can quan tam chinh 13 nira duéi cua buc anh,
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noi c¢6 chua dau chi lan duong.

Pé tai di st dung bd cong cu Computer
Vision System Toolbox [4] dé xu 1y, cu thé 1a
cac ham:

- Ham chuyén anh mau sang dnh cuong do:
vision.ColorSpaceConverter

- Ham loc anh: st dung bg loc FIR 2D [5]
bang ham vision.ImageFilter

6. Biéu dién va mé ta anh

Budc nay chinh 1a budc trich chon dac trung

ctia anh. Trong bai toan nhén dang duong di

cua d¢ tai thi dac trung quan trong d6 1a dau

phan cach lan dudng. Bang phuong phap bién

anh cuong do thanh anh nhi phin s€ lam no6i

bat cac dau phan cach lan duong.

Str dung ham chuyén anh cuong d6 sang anh
nhi phan: vision.Autothresholder

Hinh 7: Anh nhi phdn

7. Nhan dang va giai thich

Budc nay sir dung bién d6i Hough dé xac
dinh cac dudng thing trong anh. Cac duong
thang & day chinh 1a cac ddu phan cach lan
duong.

Tur d6 tinh toan xac dinh lan dudong bén
trai, bén phai.

Dé tai st dung cac ham cua cong cu
Computer Vision System Toolbox dé xur ly
dudng thang trong anh, cu thé 1a cac ham:

- vision.HoughTransform
- vision.LocalMaximaFinder,
- vision.HoughLines.

Nguyén tic dé xac dinh lan dudng trai phai

va sy léch tim duong: Dau phan cach lan
duong trai phai dugc xac dinh dua vao giao
diém cia né v6i dudong bao phia dudi ciing
cua anh. Chuong trinh s€ tinh toan khodng
cach tir tim cua khung anh t6i cac ddu phan
cach lan dudng. Tir d6 xudt tin hiéu canh bao
néu mot trong cac trudng hop sau xay ra:

- Dau phan cach lan duong phia bén phai
khung hinh giao v6i dudong bao phia dudi
cung cua khung hinh. S& cho tin hiéu 1éch
phai.

- Dau phan cach lan dudng phia bén trai
khung hinh giao véi duong bao phia dudi
cung cua khung hinh. S€ cho tin hi¢u I¢ch trai.

- Khéng c6 dau phan cach nao giao voi
duong bao phia dudi cia khung hinh. S€ cho
tin hi¢u dung lan.

Viéc chon vi tri dat camera tor budc thu
nhan anh va chon vung quan sat cua anh
¢6 anh huong rat 16n dén do chinh xac cua
chuong trinh.

8. Xuit tin hiéu diéu khién

Néu di ding lan duong, chuong trinh s&
gtri mot tin hiéu kiéu String ‘C’ t6i chan TX
ctia cong COM.

Khi 1éch tim dudng, chuong trinh s€ gui
mét tin hiéu kiéu String ‘L néu léch trai, ‘R’
néu léch phai téi chan TX ctia cong COM.

Trong phan giao dién, tin hiéu dugc thé
hién bang hinh anh trong khung Lane, va hién
thi dang chudi trong ving Receiver (RX) néu
chan RX va TX duoc ndi tit.

Str dung cac ham serial, fopen, fclose trong
Matlab dé xuat tin hiéu ra cong COM.

Trong qué trinh 1ap trinh, nguoi thuc hi¢n
da dung phan mém Proteus 8 Professional va
Configure Virtual Serial Port Driver dé¢ mo
phong va kiém tra tin hiéu xuit ra cua cong
COM.

9. Thiét ké giao di¢n

Giao dién ciia chuong trinh duoc thiét ké nhu
hinh 8 bang cong cu MATLAB Creating Gra-
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phical User Interfaces [6] Vi cac nit didu
khién:

Nut Start Webcam: Camera hanh trinh.

Nt Detection & Tracking: Bat dau xu 1y.

Nut Stop: Dung chuong trinh.

Nut Exit: Thoat chuong trinh.

- Nt Connect: Két ndi va truyén dit liéu ra
cong COM.

- Nut Send: Dé giri thir tin hi¢u ra cong COM.

LV GUdeo - -

Mastr Pret
'LANE DETECTION AND TRACKING
FOK AULONOMOUS VEHICLE

Hinh 8: Giao dién

III. THU'C NGHIEM VA KET QUA
1. Di¥ liéu thuc nghiém

% PDia diém thue nghiém

- Phong thi nghiém: Thi nghiém dugc thuc
hién trén xe md hinh nhu hinh 9, va mé hinh
duong nhu hinh 10.

-

Hinh 9: Xe mé hinh
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Kich thuéc xe md hinh: Chiéu rong co so:
14.3¢cm; Chiéu rong toan bg: 17.5cm; Chiéu
dai co s&: 16.5cm; Chiéu dai toan bo: 33cm;
Chiéu cao xe: 13.8cm. Khoang cach tir vi tri
camera tdi can trudc: 22cm.

Hinh 10: M6 hinh dwong

&
B
Hinh 11: M6 hinh thir nghiém

- Trén dwong: Toan bd dit li¢u thuc nghiém
cua dé tai dugc thyc hién bang xe may trén
nhiéu doan duong, nhung cho két qua tot nhat
1a khi thyc nghiém trén cdc doan dudong vang
xe (Puong Pham Van Pong, Quan Thu buc;
Puong Mai Chi Tho, Quan 2).

< Vé toe do xir i

Chuong trinh thyc thi ciia dé tai nay duoc
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thir nghiém trén may tinh ¢6 céu hinh:

B¢ vi xur 1y: Intel Core 2 Duo CPU T5800
@ 2.00GHz ; RAM : 2.00 GB ; HDD: 120
GB ; Hé diéu hanh :  Windows 8.1 Pro (32
bit).

Ngon ngit 18p trinh dugc st dung 1a Matlab
véi cac bo cong cu chinh 1a Computer Vision
System, Image Acquistion System va Image
Processing System [7], MATLAB Creating
Graphical User Interfaces [6].

Do phén giai cua camera ghi hinh la 640x480,
toc do ghi 1a 30fps.
2. Hinh dnh vé két qua thue nghiém

a. Trong phong thi ngi¢m

- Xe di ding lan dwong: Hinh 12

N

| GIAODIEN

| —Lane Detection and Tracking for Autonomous Vehicl
"

Master Project
LANE DETECTION AND TRACKING
FOR AUTONOMOUS VEHICLE
PhD.Le Thank Phuc - Eng Ho Van Thu

Left Center Right

Receiver (RX) c

— Data Control

Data

Transmitter (TX) Center

Connected

Status connect (COM)

Com Port Baud Rate

litnm? ‘ ’79280 ‘

Disconnect Send

Start Webcam Processing

1

‘ Stop

Hinh 12: Xe di dung lan duong

Khi xe di dung lan duong, chuong trinh sé
giri mot chudi ky tu C dén cong COM, dong
thoi thé hién bz‘“mg mot hinh anh mau xanh tai
vi tri Center trong khung Lane cua giao dién.

- Khi xe 1éch phai: Hinh 13

Khi xe 1éch phai, chuong trinh s€ giri mot
chudi ky tu R dén cong COM, dong thoi thé
hién béng mot hinh dnh mau vang tai vi tri
Right trong khung Lane cua giao dién.

] |

GIAODIEN

— Lane Detection and Tracking for Autonemous Vehick
Displ:

Master Project
LANE DETECTION AND TRACKING
FOR AUTONOMOUS VEHICLE
PhD.Le Thanh Phuc - Eng Ho Van Thu

Left Center Right

— Data Control

Data Transmiter/Receiver-

Receiver (RX) : R

Transmiter (TX):  Right

Status connect (COM) Connected

ComPort. Baud Rate.

lrcnmz ‘ lrezun ‘

Disconnect Send

Start Webcam

Hinh 13: Xe léch phai
- Khi xe léch trai: Hinh 14

Khi xe léch trai, chuong trinh s€ giri mot
chubiky ty L d&én cong COM, dong thoi thé
hién béng mot hinh anh mau d6 tai vi tri Left
trong khung Lane cta giao dién.

- cEE

GIAODIEN

— Lane Detection and Tracking for Autonomous Vehick

Master Project
LANE DETECTION AND TRACKING
FOR AUTONOMOUS VEHICLE

Ph.D Le Thank Phuc - Eng. Ho Van Thu

Center Right

Status connect (COM) : Connected

Com Port

’7‘:DMZ

Disconnzct Send

Start Webcam

Hinh 14: Xe léch trdi

b. Thue nghiém trén dwong
Cac hinh anh dugc ghi lai trén duong thur
vao ban ngay, troi khong mua.

- Khi xe di ding lan duong: Hinh 15
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LV_GUNideo

Nster Projct
LANE DETECTION AND TRACKING
FOR AUTONOMOUS VEHICLE
PDLe T Phc-Eng o Vam Tt
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VI. DANH GIA KET QUA
Bang 1: So sanh vé toc do xir 1y cua cac
nghién ctru.

Hinh 15: Xe di dung lan duong

- Khi xe bi 1éch phai: Hinh 16

Hinh 16: Xe léch phai
-__Khi xe bi léch trai: Hinh 17

1V Gilviden Bl |

Mastr Proec
LANE DETECTION AND TRACKING.
FOR AUTONOMOUS VEHICLE |

PRD L T P B o Van T

.........

2 g

Hinh 17: Xe léch trai

Nghién ctru | Kha niing xir Iy | Céu hinh
M.Bertozzi | 128x128, 5fps | CPU
va A.Broggi 1.7GHz,
[8] su dung
Matlab
ZuWhan 176x120, 2-3fps | P4 3GHz,
Kim [9] C++ st
dung
OpenCV
Y. Wang, 128x128, 4spf | 128MB
E.K.Teoh, Ram
and D.Shen
[10]
Luan van 640x480, 30fps | Core 2
—Em Duo,
— y— 2.0GHz,
ey ‘| Ram 2GB.
- Str dung
Matlab.

Bai todn nhan dang duong di co nhiéu han
ché trong viéc danh gia két qua. Boi chua c6
mot ti€u chi chung nao cho vi¢c danh gia, so
sanh két qua gitta cac nghién ctru. Pong thoi
muc tiéu dwa ra ctia mdi nghién ciru ciling
khong gidng nhau nén viéc danh gia cling con
nhiéu han ché.

Tuy nhién, trong cac bai toan thu thap va
xur Iy dir liéu phuc vu cho 6 t6 chay ty dong thi
tiéu chi vé toc d¢ va do chinh xéc luén duge
xem xét trude tién. Tiép d6 1a tiéu chi vé su
d6i mai so v6i cac nghién ciru trude do.

Trong nghién ctru ndy, nguoi thuc hién da
thue nghiém 13p lai nhiéu 1an va ghi nhan két
qua chu yéu dua trén tiéu chi vé toc do dé so
sanh voi cac nghién clru trude do.

Téc d6 xir Iy cua chuong trinh 1a kha tét.
Chuong trinh c6 thé xur 1y trong thoi gian thuc
dua trén hinh anh thu thap tr webcam véi tde
d6 ghi hinh 1a 30fps, téc do xir 1y va xuét tin
hiéu trung binh 1a 10fps, tbc d6 nay phu thudc
rat 16n vao tbc do ghi hinh va ciu hinh cua
may tinh.
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Nhu vay, néu xét vé toc do xu ly thi chuong
trinh cua luan van khéa hi€u qua so vdi cac
nghién ctru trude do.

V.KET LUAN

_Mic du dé tai dap tmg yéu cau dit ra ban
dau nhung két qua dat dugc van chua nhu
ky vong. Sau khi hoan thanh, d¢ tai thé hién
nhiing két qua dat dugc nhu sau:

- Ung dung duoc phin mém Matlab dé thu
thap, nhan dién va x1r ly anh & muirc co ban dua
vao hinh anh thu thap dugc bang webcam.

- Xuat dugc tin hiéu diéu khién va canh bao

cho nguoi lai biét vi tri cia xe so vdi vi tri muc
tiéu.

TAI LIEU THAM KHAO

- Lam co s¢ dé thyc hién cac dé tai tiép
theo co lién quan dén xtr 1y anh va nhan dang
lan duong, diéu khién xe tu dong.

Tuy nhién, dé tai chi thuc hién & muc do
co ban nén chua thé ung dung vao thuc té, dé
g dung duoc vao thuc té, can phai thuc hién
thém: (1) Nhéan dang lan dudng trén nhiing
doan duong cong nghiém ngdt, c6 chudng
ngai vat. (2) Str dung camera hong ngoai dé
quan sat vao ban dém. Nang cao toc do ghi
hinh va xt ly. (3) Nhan dang va xu ly lan
duong c6 nhiéu tin hiéu giao thong: Puong
cAm, bién bao bét budc ré phai, r€ trai, gioi
han tdc do, duong giao nhau... (4) Nhan dang
va xu 1y trén nhitng lan duong khong c6 vach
ké duong.
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