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ABSTRACT

Automated Guided Vehicle (AGV) is an intelligent machine that has
enough intelligence to determine its motion status according to the
environment conditions. TypicalAGV has the ability to operate and move
purposely without human intervention. In this paper, we present a simple
method based on computer vision techniques which help the vehicle to
move inside the lane boundaries. The vision image will be processed to
detect the lane boundaries using vector-lane-concept and estimate the
road lane curvature. Using this information, we calculate the steering
angle which is used to steer the vehicle to move inside the lane boundaries
without using any other control technique. Several demonstrations were
carried out, using diverse images, to show the result of lane-boundary
detection and vehicle navigation. In conclusion, the proposed algorithm
can be used to control vehicle to move inside the lane boundaries without
human intervention.

TOM TAT

Ot6 tw hanh (AVG) la mét dang mdy thong minh co du kha nang hiéu biét
dé tw xdac dinh trang thdi chuyen dong ciia minh dywa trén nhitng diéu kién
méi trieong. Mot dang tiéu biéu ciia 616 hay robot tir hanh la kha nang vin
hanh va chuyén dong khéng can sw diéu khién cia con nguoi. Trong bai
bao nay, chung toi trinh bay mot gidai thudt xu ly anh don gian giup 6to tw
di chuyén trong gidi han lan dwong ciia minh. Gidi thudt sé tién hanh phat
hién la dwong s dung khdi niém vecto-lan dwong va woc lwong do cong
cua lan dwong. Dya trén cac thong tin nhan dwoc chung toi tinh goc lai va
tién hanh xdy dung gidi thudt i xe giiip 616 tw hanh di chuyén trong gici
han la dwong ciia minh ma khong can sir dung thém gidi thudt diéu khién
nao. Nhiéu dang khdc nhau ciia anh lan dwong da dwoc sir dung dé minh
hoa cho tinh hiéu quad cua gidai thudt dwoc de nghi. Cdc két qua thuc
nghiém da cho thdy gidi thudt cé thé dwoc dp dung dé diéu khién 616 tw
hanh di chuyén trong giéi han la dwong ciia minh ma khéng can tic dong
cla con nguoi.

1 GIOI THIEU

Oto ty hanh dugc tng dung rong rai trong

khién chuyen dong tw dong thong minh cua xe
c6 thé gitip han ché tai nan cling nhu un tit

nhiéu linh vyc khac nhau trong thuc té va dong vai
trd quan trong trong moi truong giao thong cod
nguy co tai nan cao nhu duong ddi dbc, tron trot
hay cic hé thong giao thong thong minh. Piéu
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giao thong.

Ot hay robot ty hanh 1a linh vuc nghién ctru
thu vi va nhiéu thégh thire trong linh vuc tri tué
nhén tao va di€u khién hoc. V& nguyén tac, mot hé
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thdng AVG don gian s& bao gdm hai thanh phan
chinh: (1) B phan tién xir ly va (2) Bo phan
diéu khién.

Bo tién xir Iy st dung hé thdng cam bién
(sensors), radar, GPS hodc hé thi gidc may tinh véi
cac camera di kém dé thu nhan thong tin tir moi
truong nhu gidi han, hudng, dd rong, dd cong, do
phang ciia lan duong ciing nhu sy xuat hién cua
cac vat can,... Hau hét cac nghién ctru gin day déu
sir dung camera dé nhan dang lan dudng. Nhiéu mé
hinh va giai phap khac nhau da dugc dé nghi nhdm
giai quyét van dé nay. Pa phin cac hé thong déu
nhan dang lan duong dua trén cac gia thuyét dinh
trudc vé mod hinh toan hoc biéu didn cho lan
duong. M6 hinh thuong dugc st dung rong rai la
duong cong béc hai [1] hodc Bsnack [2]. Gan day
cling c6 mot s6 nghlen citu moéi [3-4] nhung van
chua dat dugc két qua ti wu. Vi vy, bai toan phat
hién va nhan dang lan duong van 1a dé tai can tiép
tuc nghién ciru va phat trién.

B phan diéu khién s& diéu khién 6t6 hay robot
tw hanh chuyén dong doc theo gidi han lan duong
cia minh va c6 thé tranh cac vat can trén duong
néu can. C6 nhiéu phuong phap co thé dugc ap
dung dé xay dung hé thong diéu khién. Tiép can
phd bién nhét 1a hé diéu khién mo duya trén fuzzy
logic [5-6] hodc hé thdng lai két hop giita mang
neural va logic md [7]. Cac hé théng nay thudng 1a
cong kénh ton nhiéu bd nhé va thoi gian xir 1y.

Trong nghién ciru nay, ching t6i dé xuat mot
giai thuat don gian cung md hinh tinh toan thich
nghi dua trén cac ky thuét xir ly anh nhiam gitp 6td
tw hanh c6 thé di chuyén va diéu khién l4i dé chi
trong gidi han lan duong clia minh tuy theo d¢
cong cua lan duong. Muc dich chinh 1a tim mdt
phuong phap hiéu qua, don gian nhung phat hién
chinh xac 1an dudng, dong thoi giam thoi gian va
chi phi tinh toan cho hé théng diéu khién 6t6 tw
hanh di chuyén chinh x4c theo lan duong quy dinh.
Dau tién, chung t6i st dung khai niém vecto lan
duong dwa trén 1y thuyét Non-uniform Bspline
(NUBS) dé xay dung cac duong gidi han cho lan
duodng trai va phai. Tiép theo, chung t6i wdc lwong
dd cong cua cac lan duong trai va phai mét cach
riéng biét. Cudi cing, dwa trén thong tin v& gidi
han va d¢ cong cua lan duérng, chung t6i tinh toan
goc lai dé sir dung cho giai thuat diéu khlén lai. Két
qua cua qua trinh xtr ly anh s& cung cép thong tin
can thiét va wdc luong do cong cua lan dudng
nham gitp 6t6 ty hanh di chuyén trong gi6i han lan
duong quy dinh va xac dinh dwoc hudng di chuyén
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chinh xac cho 6t6 tir vi tri hién tai trén lan duong.

Céc phan tiép theo cua bai bao duge to chirc
nhu sau: Phan 2 chung t6i dé xuat khai niém vecto
la duong va phuong phap phat hién va xdy dung
giéi han 14 duong dua trén khai niém nay két hop
v6i phép ndi suy NUBS dé dat dugc ban dd lan
duong tir anh dau vao. Giai thuat udc lwong d6
cong cua lan duong s€ duogc trinh bay trong muc 3.
Tiép dén, phuong phap didu khién goc 1ai dé cho
phép 6t tw hanh di chuyén dung lan duong quy
dinh duoc md ta chi tiét trong muc 4. Mot s6 két
qua mo6 phong minh hoa cho hé théng dugc miéu ta
va phan tich trong muc 5. Cudi cung, Két luan va
dinh hudng nghién ctru tuong lai dugc néu tom tat
trong phan 6.

2 THUAT TOAN PHAT HIEN LAN PUONG

Céc thuat toan xu ly anh cho phat hién lan
duong co thé duogc phan chia thanh ba nhom chinh:
(1) dua trén phan vung (region-based), (2) dua trén
phan tich dic trung (feature-based) va (3) dua trén
md hinh todn hoc hda lan dudng (model-based).
Hau hét cac nghién ctru déu di theo hudng tiép thir
ba nay, st dung mo hinh toan hoc dé mé hinh hoa
lan duong [1-4]. Muc dich cia phwong phép tiép
can nay 1a ¢ ging lam cho phu hop giita anh lan
duong dugce quan sat véi mo hinh gia thuyét duge
xdy dung. Ky thut nay dua trén gia thuyét rang lan
duong 1a sy két hop cua cac phan c6 dang dudng
thang, dudng cong prabol hoic dudng cong dang
Bsnack.

Giai thuat cho phuong phép phat hién lan
duodng cua ching t6i dugc trinh bay nhu trong so
dd Hinh 1. bay 1a mot hudng tiép can dua trén su
mo rong ciia mo hinh hoa lan duong.

Dau tién, cac diém anh thuoc duong bién anh
gi6i han lan duong s€ dugc phat hién nho thuat
toan phat hién duong bién Canny. Thuat toan rat
xuong anh [8] s€ dugc ap dung vao anh phat hién
canh dé dugc anh dudng bién co6 do day 1 diém
anh. Tiép dén, anh duong bién sau khi riit xwong s&
dugc dung dé rat trich cac diém diéu khién (control
points). Phép ndi suy NBUS duoc sir dung dé xay
dung duong cong dai dién cho lan duong trai va
phai mdt cach riéng biét. Trong nghién clru cua
chung t6i, cac lan dudng trdi va phai dugc phat
hién va xdy dung mot cach tach biét. Piéu nay co
nghia 1a cac duong bién trai va phai dugc xem xét
va xtr 1y riéng 1¢, khong giéng nhu nhiéu nghién
ctru khac xem xét 2 lan duong trai va phai la dong
nhét v6i nhau.
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| Anh du vao |
v
| Phat hién duong bién anh |
v
Xay dung duong bién c6 do
day 1 diém anh
v
Rut trich déc trung cua
duong bién
v
Xay dung cac duong gidi
han mo ta lan duong

Hinh 1: Lwu d0 giai thuit phat hién lan duong
2.1 M5 hinh héa lan dwdng bang dwong
cong B-Spline
Puong cong NUBS ky hi¢u 1a C[9] c¢6 thé
dugc bién didn bang tap hop (n+1) diém diéu
khién {R, R, B,---, B,}. Diém P(x,, y;) thudc
duong cong C dugc tinh theo cong thire (1):

c@):és,-,m(u)a

(M

<u<t 2<m<n+l va

min =

Trong do, ¢

Bim (u) duoc goi la duong cong B-Spline va dugc
dinh nghia nhu cong thuc (2):

ke

u—t,

max ?

m=1
B

T,m
t

im Y

1.

;m>1(2)
t. t 7 t.

~ B (“)
+m-1 Y i+m

Xét cong thiuc (2) ta thdy, dé tinh duoc
gia tri cua B, (1) ching ta cin xac dinh

B m_l(u) -

i+l

dugc tdp hop cac vecto nat (knot vectos)
T={T,,1;, Ty, Tp,,,} va cic diém nut (knot
points) ¢;, j=0.i+m. Khi khoang cach gilra cac
diém nut 12 bang nhau ta goi duong cong 1a duong
cong B-Spline dong nhét (uniform), nguoc lai 1a
duong cong B-Spline khong dong nhét /(Non-
uniform). Cang nhiéu diém diéu khién va diém nut
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du~(_7c x‘éc dinh thi duong cong B-Spline duoc biéu
dién bang cac da thuc bac cang cao va s€ mo ta
duong cong cang chinh xac.

2.2 Rut trich dac treng dwong bién

Chung t6i dé xudt mé hinh lan duong nhu mo
ta & Hinh 2 ma chung t6i goi 1a khai niém vecto-
lan dwdng (vecto-lane concept).

Hinh 2: M6 hinh vecto-lan dwong cho bai toan
phat hién lan dwong
Pau tién, chung t6i xét 2 duong quét ngang
trong anh ban do lan duong dat duge tir anh phat
hién duong bién va dinh nghia cac diem dicu khien
la 4;, B; cho lan duong bén trai; A, , B, cho lan
duong bén phai. Xay dung cac vecto lan duong
I, =48, cho lan dudong bén tréi, ;-7 5 cho lan
duong bén phai. Tiép theo, ching toi wdc luong
goc biéu dién d6 cong cua duong bién biéu dién lan
duong str dung cong thire (3):
Xy —X X4 —X
o, =arct ~A Th s, =arct, A Th 3)
Y4 —Vp Ya. = Vpr
Str dung goc biéu dién do cong cua lan duong
dugc dinh nghia trong cong thire (3) ¢ trén, chung
t61 phat trién giai thudt dé tim kiém cac diém dleu

khién trén duong cong B-Spline. Noi dung chi tiét
cua giai thudt nay dugc mo ta nhu sau:

Gidi thuit tim cdc diém diéu khién

Buée 1: Thlet 18p 2 duong quét ngang tai vung
tréng & vi tri cudi anh, tim 2 diém diéu khién dau
tién cho mdi dudng quét, diém diéu khlep trai va
diém di€u khién phai. Vi tri bat dau quét dé tim cac
diém dieu khién duoc chon 1a vi tri trung di€ém cua
moi duong quét.

Buéc 2: Xay dung 2 vecto lan duong ZT va rn,
sau do tinh goc nghién cua 2 vecto nay «;va a,
theo cong thirc (3).

Buéc 3: Chia vung khong gian con lai cla anh
thanh 4 phan (dua trén d¢ dai cia anh ban do lan
duong) bang cach st dung 3 duong quét ngang.
Tiep theo, thyc hién cac bude xi 1y sau:
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Buée 3.1: Xac dinh vi tri cia diém C , dua trén
hudng cua vecto lan duong 1'2 1a mot sy mo rong
(ndi dai) cta vecto lan duong 7, (Hinh 2).

Buée 3.2: Xac dinh vi tri cua diém C , dua trén
hudng cua vecto lan duong rz' la mot sy md rong
(ndi dai) cta vecto lan duong 7 (Hinh 2).

Bude 3.3: Xéac dinh vi tri trung diém C,, ctia
C,vaC,.

Bude 3.4: Quét tir diém C,, sang trai dé tim
diém diéu khién C,nam trén lan dudng bén tréi.
Néu khéong tim duge C, do lan duong bén trai
khong lién tuc hodc anh bi nhiéu ta s& st dung C 1
thay cho C;.

Buéc 3.5: Quét tir diém C,, sang phai dé tim
diém diéu khién C, nim trén lan dudng bén phai.
Néu khéng tim duoc C, do lan duong bén phai
khong lién tuc hodc anh bi nhifu ta s& sir dung C..
thay cho C,..

Do chiéu dai cta cac lan duong nhin tir anh
chup dugc tir camera thuong la khong bang nhau,
vi vay chung t6i chon lan duong c6 chiéu dai lon
hon d¢€ phan chia phan khong gian con lai cua anh
thanh 4 phan va tién hanh ap dung giai thuét trén
dé tim k1em cac diém didu khién. Qua trinh nay
bao dam rang ta c6 thé phat hién dugc gan nhu day
du lan duong (Hinh 3). O day chang t6i chon lan
duong c6 dg dai dai hon (lan dudng bén trai) vi
vay diém diéu khién dau tién khong xuat hién trén
duong quét ngang ¢ lan duong bén phai.

Hinh 3: Phat hién lan dwong st dung khai niém
vecto-lan dwong

Trong mot sd truong hop, khi chung ta sir dung

duong quét tir vi tri trung diém cia dudng quét

sang trai hodc sang phai dé tim cac diém diéu khién

nam trén cac lan dudng thi c¢6 thé xuit hién nhidu

trén anh nam & ving khong gian giita 2 lan dudng
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(Hinh 4 — trai). Dé khic phuc diéu nay chung toi st
dung mét gia tri goc dat truéc DELTA ANGLE.
DELTA ANGLE la gia tri khac biét cta gia tri 2
goc nghiéng lién tiép trén lan dudng trai hodc phai.
Néu DELTA_ANGLE nh6 hon mét gia tri ngudng
dinh trudc, ta tiép tuc di chuyén sang trai hoic sang
phai dé tim diém diéu khién. Trong thir nghiém cia
minh, ching t6i thiét 1ap gid tri ngudng cho
DELTA ANGLE = 15°. Mot vi du minh hoa dugc
thé hién nhu & Hinh 4.

Hinh 4: Két qué phat hién lan dwong véi dnh bj
nhiéu giira 2 lan dwong

3 THUAT TOAN UGC LUQNG PQ
CONG CUA LAN PUONG

Sau khi phat hién dugc gidi han cua cac lan
duong, viée tiép theo chung toi s& rut trich thong
tin dé woc luong do cong hay hudng cia cac lan
duong. Ching t6i d& xuat thuat toan sau dé wdc
luong d6 cong cua cac lan dudng trai va phai mot
cach riéng biét (Hinh 5).

Hinh 5: M6 hinh wéc lwgng d§ cong lan dwong
Giai thuat wéc lwgng do cong ciia cac lan
dwong
Budre 1: Tinh 3 goc wéc luong d6 cong cho mdi
lan duong st dung 4 dudong quét tir cudi anh nhu
minh hoa ¢ Hinh 5 va cong thirc (4):

Xi(i+1) — i
a; =arctg
=1. 4
xr(i+l) T Xy @
a, =arctg)| ——————
i V(i) = Vri
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Buéc 2: Tinh gia tri khac biét gitta cac goc:
Bude 2.1: D6 véi lan dudng bén trai:
Aoy =ap —ap;

Aap =api—ap (5)

Bude 2.2: Dbi véi lan dudng bén phai:
AOtrl = — 0y AarZ =03 — &, (6)

Bwéce 3: Tinh gia tri trung binh (mean) cua
cac goc:
Bude 3.1: D6 voi lan dudng bén trai:
a; =a;Aa;, +bAay +cay (7
Buée 3.2: B6i vai lan dudng bén phai:
0!1 =alA0512 +blA0511 +Clall (8)
Buée 3.3: Chon diu cho cac hé sb a;, by, ¢; dua
vao céc cong thirc (9a), (9b), (9¢):

[, >0if Aajpy >0
4, <0if Aajy <0 ©a)
(b, >0if Ay >0
b, <0if Aay <0 ()
[c; >0if oy 20

. (9¢)
¢, <0if a; <0

Buée 3.4: Chon dau cho cac hé sb a ., b c,

7o Yro

dua vao cac cong thirc (10a), (10b) va (10c¢):

a, 20if Aa,, >0

a, <0if Aa,, <0 (102)
(b, >0if Aa,; >0

b, <0if Aa,; <0 (100)
(e, >0if o, >

¢, <0if a, <0 (10¢)

Gia tri d¢ lon cua qa;,b,¢ va a,,b,,c,
duoc thiét lap va lya chon dua vao thuyc nghiém.
Trong thd nghiém cua ching t6i thi

jar| =[a,| =3.[b] =|br] = 2. [er| =[e| = 1.
4 TINH TOAN GOC LAI VA LAN VET LAN
PUONG CHO OTO TU HANH
D& Ian vét lan duong va dicu khien goc 14i cho
0t0 tu hanh chuyén dong doc theo lan duong quy
dinh thi goc 14i cia xe can phai dugc xac dinh. Goc
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14i ctia xe ¢ thé duge tinh toan dua trén cac diéu
kién:

— Do cong cta lan duong trdi ¢, va lan
duong phai «,

— Vi tri hién hanh cta 6t6 trén lan duong, ky
hiéu 13 pypice - O 44y Pyoicse Phai thoa min dicu
kién O< pyopice SW vO1 Wla d9 rong cua lan
duong. Trong thuc nghiém cia ching toi W =256
la ¢ rong ctia anh nhan dugc tr camera.

— Hudng di chuyén hién hanh cta 616, ky hiéu
12 apupicie- O Ay &yopice 18 g0C tao boi than cia
6t6 va tryc thang dimg nhu minh hoa & Hinh 6.

aVahin 4

Truc thing ding

/ r cta lan dudng

Huéng chuyén
dong hién hanh

Hinh 6: Minh hea vi tri 6t6 trong lan duong

Dua trén cac tham s6 di dinh nghia trén, chung
t6i tién hanh xac dinh gia tri cua goc lai can thiét
dé didu khién 6t6 ty hanh co6 thé chuyén dong trong
lan duong quy dinh.

Gidi thuat tinh todn goc 14i ctia 6to

Budéc 1: Tinh toan 2 hé s6 &, va k, tuong Gmg
lan Iuot cho cac lan duong trai va phai sir dung cac
cong thirc (11) sau:

kl zz(W_pVehicle)_ k :2(1
w

s r

—k) qan

Buéc 2: Tinh toan gia tri dau ra cta goc lai
nhu sau:

Néu ¢, va «,. trai dau nhau:

a _ (klal +krar)
o (kl +kr)

Nguoc lai, néu ¢; va «, cung dau nhau:

~ QAyepicle (12)

(klal _krar)
(kl +kr)

Cour= (13)
ko, —k .
( ’(Z +k:;ll) ~ Xyenicle lf|al < ar|

~ Xyenicle if|a1 Za‘r|
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5 MOT SO KET QUA THUC NGHIEM

5.1 Két qua thye nghiém minh hoa giai
thuat phat hién lan dwong

Giai thuat phat hién lan duong dugc kiém tra
trén tap anh suu tp tir camera trong cac diéu kién
khac nhau vé thoi gian va vi tri chup anh. Hinh 7
trinh bay mot s6 két qua kiém tra giai thuat dugc
dé xuat trong mot s6 truong hop tiéu biéu sir dung
khéi niém vecto-lan dudng.

Truwomg hop 1: Lan duong c6 dang gin nhu
duong thang, khong co nhidu va d6 dai cua 2 lan
duodng trai va phai 1a xdp xi nhau. Trong trudng
hop ndy, gidi thut cua chiung t6i phat hién lan
duong rat tot va xay dung lai ddy du lan duong
bang cach sir dung ham ndi suy NUBS bac 3 nhu
minh hoa sau:

Truong hgp 2: Lan duong cé dang cong 1éch
sang trai hodc sang phdi va anh bi nhiéu boi bong
cay trén duong. Trong truong hgp nay, ham noi
suy NBUS bac 2 hodc bac 3 s€ dugc st dung dé
xdy dung lai lan duong tuy thudc vao sé luong
diém diéu khién dugc phat hién nho ki thuat vecto
lan duong.

Truong hop 2.1: Lan duong cé dang cong
léch sang trai mét it va anh thu dugc khong co
nhidu. Trong trudng hop nay, s diém diéu khién
dugc phat hién trén 2 lan duong 1a khong bang
nhau. Tuy nhién, lan duong van dugc xay dung lai
mot cach day du.

Truong hop 2.2: Lan dudng c6 dang cong léch
sang nhiéu sang phai va anh thu dugc co nhidu
bong cdy trén lan duong phai. Trong truong hop
ndy, st dung vecto-lan duong gitp ta vuot qua van
dé khé khin vé nhiéu. Lan duong dugc phat hién
va xay dung lai day du.
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Truwong hgp 3: Lan duong cé dang cong 1éch
sang trai hodc sang phai va anh bi nhiéu kha nhiéu
boi bong cdy hay tru dén trén duong. Trong cac
truong hop nay, néu khong tim duoc cac diém diéu
khién chinh xé4c, chung t6i st dung vecto lan
duong dé tinh toan vi tri diém diéu khién va dung
ham ndi suy NBUS bac 2 hodc béc 3 s& duge su
dung dé xdy dung lai lan duong tuy thude vao sO
lwong diém diéu khién duoc tinh toan nho k§y thuat
vecto lan duong.

Truong hop 3.1: Lan dudng c6 dang cong léch
sang trai va nhidu do bong cay xuét hién nhiéu trén
lan duong:

Truong hop 3.2: Lan dudng c6 dang cong léch
sang phai va nhiéu do bong cay xuat hién kha day
trén lan duong:

Truong hop 3.3: Lan duong c6 dang cong léch
sang trdi va nhicu do bong cft dén hién nhiéu trén
lan duong:




Tap chi Khoa hoc Truong Pai hoc Can Tho

Truong hgp 4: Lan duong c6 dang cong 1éch
nhiéu sang mt phia va lan duong con lai bi
mit (anh do camera chup khong nhin thdy duogc
lan duong con lai). Ngoai ra, lan duong con bi
nhidu rat day nhung giai thuat cia ching t6i van
phat hién va x8y dung lai thanh cong dang lan
duong nay.

Trudong hep 5: Truong hop nhidu kha nhiéu
xuét hién trong ving gidi han cia 2 lan duong giai
thuat cua chung t6i dinh gid tri ngudng cua
DELTA_ANGLE két hop véi vecto lan dudng cho
phép xdy dung duge cac diém diéu khién cho phép
phat hién va xay dung lai cac lan dudong mot cach
chinh xac.

Hinh 7: Mt s6 két qua thwe nghiém minh hoa
giai thuat phat hién lan dwong

Trong trudng hop anh bi nhiu qua ning va
nhidu che khudt hiu hét vét son danh diu lan
duong thi giai thuat phat hién lan duong cua ching
t6i bi that bai khong xay dung lai dugc lan duong
(Hinh 8).

Truong hgp 1: Lan duong cé dang cong 1éch
nhiu sang phai va vét son danh diu lan duong bi
nhidu bong ciy che phu gin nhu toan bd. Trong
truong hop nay, giai thuat ctia ching t6i khong
xay dung dugc vecto lan duong cho lan duong
bén phai va khéng phat hién dugc lan duong bén
phai nay.

Trudng hgp 2: Lan dudng c6 dang cong léch
nhiéu sang phai va nhiéu do bong cay che phu phan
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16n long duong va mot phan lan duong. Trong
truong hop nay, doi khi giai thudt ciia ching to6i
phat hién va xay dung dugc lan duong nhung
khong chinh x4c hoan toan. Trong da phin céc
truong hop co dang nhu thé nay giai thuat cua
chung t6i cling bi that bai.

Hinh 8: Cac truwdng hop gidi thuit phat hién lan
dudng bj thit bai

Chuing t61 str dung 2 tép dit liéu anh tir co s& di
liéu anh [10] dé chay kiém tra giai thuat duoc dé
xuét. Tap dir lidu 1 chira 69 anh va tap dit liéu 2
chtra 99 anh chup cac dang lan duong khac nhau &
c4c thoi diém khac nhau. Dbi véi tap anh dau tién,
giai thuat cua ching t6i phat hién lan duong that
bai trong 5 truong hop va voi tap anh thtr 2 1a 7
treong hop. Thoi gian thyc hién giai thuat 1a hon
13 frames anh/gidy. No6i tom lai, phuong phap cua
ching t6i phat hién mot lan duong that bai
néu khong thé xac dinh duoc 2 diém diéu khién
dau tién dé xay dung vecto lan dudng cho lan
duong nay.

5.2 Két qua thye nghiém wéc lwong d cong
lan dwong va xac dinh géc lai

Trong phan nay, chung t6i trinh bay mot s6 két
qua m6 phong minh hoa cho giai thuat udc luong
d6 cong cia lan dudng tinh gia tri dau ra cua goc
diéu khién 14i cho 6to tw hanh.

X w 0
Truong hop 1: B = > VA Ayppicie = 0
Trong truong hop nay, vi tri cua 6td 1a chinh

gitra hai lan dudng, va goc lai hién hanh cta 6t6 la
0. Bén dang khac nhau cua trudng hop nay dugc
tién hanh thir nghiém va mé phong minh hoa nhu &
cac hinh tiép theo.

Truong hop 1.1: Céc lan duong c6 dang gan
nhu dudng thang va khong bi nhicu

Input Conditons

of Vehicle Current direction of Yehicle
n <= 256) = (30 Angiec= 30 !

Quigut Information

Cuvature of et lane ~[236758872021 Cuwvalure ofight lane [45.34210713008
Stesring Angl for controller 1108831073434

Conlrol Processin g




Tap chi Khoa hoc Truong Pai hoc Can Tho

Két qua mod phéng nhu sau:
=23576"; a, =—45342° = a,,, =-10.883".
biéu nay cho biét tir vi tri nay, 6td s€ queo mot it
sang trai véi goc 14i 1a 10.883 °.
Truong hop 1.2: Lan duong c6 dang cong sang
phai va lan duong bi nhiéu mot it.

Output Irformaton
Curvalure of el lane:

62.6893757263 Curvature of right lane |+15.1420861350
rtoer 228736437641

Steering Angle for cor

Contol Processing

Select Curent Image

qua mo phéng nhu sau:
=63.889"; a, =-18.142° = o, =22.874°.
Diéu nay cho biét tir vi tri nay, 6td s& queo sang
phai v6i mot goc 1ai trung binh va cé gid tri 1
22.874°
Truong hop 1.3: Lan dudng c6 dang cong
sang trai va khong bi nhicu.

Két qua mo phéng nhu
o =—-12269; o, =-63857 = a,,=-25794.
nay cho biét tir vi tri nay, 0td s& queo sang trai véi

sau:
bicu

mot goc lai trung binh c6 gid tri la 25.749°

Truong hop 1.4: Lan duong bén phai c6 dang
cong rat nhiéu sang trdi, lan duong bén phai va lan
duong bén trai bi mat.

Input Coniions

Output Information

Cvtweotbitine | 0 Civaue ol ghne [S55120205
Steeing g oncler [ ET1E21210
—
soketCurentinoge | Lo DeecinoraCona| £ ‘
Két qua mo phong nhu sau:
a,=0% a, =-66914" = a,,, =-33.457". Diéu

nay cho biét tir vi tri nay, 6t6 s& queo sang trai véi
mdt goc lai twong ddi 16n co gia tri 33.457°
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Trlrf)Tlg 0 < PVehlcle > W va

=00

hop 2:
Ayehicle

Véi truong hop nay, 6t6 dang & vi tri bét ky
gilra hai lan duong, va goc lai hién hanh cua 6t6 la
0. Mdt so dang cua truong hop nay dugec moé phong
v6i dang lan duong nhu sau:

Truong hop 2.1: Pyyicte

4

= 6.346"

Két qua md phong cho thdy ring 6t6 can thay
doi chuyén dong mdt it sang phai tir vi tri hién tai.
Két qua nay ciing rat phit hop vi vi tri hién hanh
ctia 6t6 1a ¢ gan lan duong gidi han trai va lan
dudng chi cong sang trai mot it.

= Aoyt

3
Tru(‘mg /’lOp 2.2: ZW < PVehicle< w

-30.266"
) Két qua md phong cho thdy rang 6td can thay

d6i chuyen dong sang trai v6i mot goc 1ai 1on tir vi

tri hién tai. K€t qua nay cling rat phu hop vi vi tri

hién hanh cua 6t6 la & gan lan duong gidi han phai

va lan duong lai cong sang trai mot it.

hop 3: 0B <W

= Qoys =

Trudng va

0
Ayehicle #0
O truong hop nay, 6t6 dugc xét dang & vi tri bAt
ky gitra hai lan duong, va goc lai hién hanh cua 6t6
la khac 0. Mot so dang cua truong hop nay duoc
mo phong vai dang lan duong sau:

Tru’dng h(Tp 3.1: PVehic'le = % w, Ayehicle = 100

-20.883°

Két qua md phong cho thdy rang 6t6 can thay
d6i chuyén dong sang trai tir vi tri hién tai véi goc

1ai twong dbi c6 do 1on 1a 20.883°.

= oy =



Tap chi Khoa hoc Truong Pai hoc Can Tho

w
Truong hop 3.2: Pyt = o relicte = -30.5°

= ay, =—6.154°

Két qua md phong cho thdy rang 6t6 can thay
dbi chuyén dong sang trai tir vi tri hién tai véi goc

14i nho ¢6 do 16n 1a 6.154° .

6 KET LUAN VA PE XUAT

Bai béo da d& xudt mot giai thuat xtr Iy anh méi
va don gian cho bai toan phat hién, xay dung lan
duong va didu khién goc 1ai cho 6t6 tu hanh c¢6 thé
chuyén dong trong pham vi lan dudng cho phép.
Téc d6 xir Iy cua hé théng 1a hon 13 frames
anh/gidy. Mac du khong cé diéu kién thuc hién cac
hé théng otd tu hanh két hop sensor hodac camera
v6i bo diéu khién fuzzy hay neural nhung c6 thé
khing dinh chic chén riang hé théng dugc dé xuat
l1a don gian hon va cho dap ung nhanh hon cac hé
thong két hop bo diéu khién fuzzy hay neural. Ly
do 1a vi thong tin nhan dugc qua cac ky thuat xu ly
anh don gian s& dugc hé thong tinh ra goc i tirc
thoi khong can thoi gian cho doi dap ung cia bo
diéu khién ma thong thudng cac bo diéu khién déu
can c¢6 mot thoi gian tré nhét dinh dé phan hoi lai
thong tin cho hé théng (t6i thiéu ciing xap xi 0.1s).
Céc két qua thir nghiém ching minh rang phuong
phap d& nghi 1a phu hop cho viée diéu khién 6t6
chuyén dong chinh xac trong giéi han lan duong
cho phép ma khong can sy can thiép cua con
nguoi. Mot s6 diém manh cua hé c6 thé dugc tom
tat nhu sau:
Phuong phap phat hién lan dudng co thé
dugc ap dung cho viéc nhan dang va xdy dung
nhiéu dang lan dudng khac nhau va c6 d6 cong Ién
dya trén khai niém vecto-lan duong.

— Lan dudng trdi va phai dugc phat hién
va xdy dung tich biét khong gidng nhu mot sb
nghién ciru da c6 dwa trén gia thuyét 2 lan duong 1a
dong nhat.

— K¥ thuat sir dung vecto-lan duong cho phép
vuot qua cac kho khan vé& nhidu trén anh dé phat
hién déy da céac lan duong khong lién tuc, hodc bi
nhiéu do cac dbi tuong khéc tao ra.

— Udc lugng d6 cong cua cac lan duong dé
cho phép diéu khién goc l4i cia 6t6 chuyén dong
theo dliing gidi han 1an dudng cho phép.

Trong thoi gian téi, néu diéu kién cho phép
chung t6i s& xay dung mé hinh 6t6 ty hanh va kiém
nghiém giai thuat dugc dé nghi trong moi trudong
thuc cling nhu xay dung giai thuat cho phép phat
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hién va tranh vat can trén duong di chuyén cua
robot hay 6t0.
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