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Image Detection of the Curved Road and

Realization of the Autonomous Vehicle

Student : Ruei-Yuan Shiu Adyvisor : Dr. Pau-Lo Hsu

Department of Electrical and Control Engineering

National Chiao-Tung University

ABSTRACT

This thesis applies a CCD sensor to detect the lane marks for the present
autonomous driving system. As thestoadsis straight, the IPM (inverse perspective
mapping)-based detection method is adoptéd to'.locate the suitable windows position
properly. Then, by using the ‘Onzline dynamic detection windows approach, the road
lanes can be thus efficiently-tracked-and-the estimated virtual center-lane can be
further obtained for the present autenomous driving. However, as on the curved road,
some discontinuous lane marks cause the developed lane detection method invalid.
Thus, the image of the red lane marks alone the road side can be processed by using
the color-space transform with the conditional threshold to result in more accurate
detection results in the case of curved roads.

The vehicle states can be further estimated from the processed image as (1) the
look-ahead offset, (2) the yaw angle, and (3) the road curvature. In the case of a
straight road, the P controller is suitable for the autonomous vehicle and experimental
results indicate that Kp between 5 to 11 leads to satisfactory performance by
concerning the system stability and control accuracy. On the curved road, a curved
road offset compensator is processed by applying the fuzzy inference, with the input of
curvature, to significantly improve vehicle driving performance for the present

autonomous system.
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(3) Aperture : camera angular aperture is 2« °

(4) Resolution : camera resolution is nxn °
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Hoe F 83 pe S o ld @ o LB 2 8F F2 > 8 3@

WP g G s R

38



R

) N ' sor2 s Y Y f“X
oA F A G ()

(1+(f00r)”

e Y Bl Rl B i 5 G
Curvature(L)sz = y'®) 32 2C2 3/2 (3-18)
(1+(y(L)’) " (1+@C,L+C))
ELEREEY 0 FLE p BT E LA 5 A LB TR BRI o

3-3 EHLF AR

Aol &R ERAH o AR Y REFRE ¢ ]

v

WA LER S T URBRA DK BN B R o B

V5T 4-12 -

A
#

dORGFRNS R BRSNS 2P LE s Fhe iy ¥ 0 d
B

3-3-1 THRFRGLR

THRFRRGRD N B 37 47 0 JIF AT F hd i REE R T
AAE o T W R ITEAE R BEAGER o B EY i A g

i‘g’j’J‘J{—.ﬁiﬁ%ﬁléi’fzéﬁ'ﬁfljliﬁiﬁt‘wﬁ’l?f%m’;h:)\ BRIk FTes

39



(1)

a0 AR U 75 BE 4L

AR i A5 BEAE T RS 5 et R 30 &cﬁﬁ] 3.8(a) A E REFL L PIFREEE

-':.‘-'-‘-‘ --*:-
s - Y s i ] b 2 ) S N 4
SIS I SR AL VR % irﬁq,g}“ﬁ% TPV 2 SRR IR % o iz <R 3.8(b)
o et b s, B
’E;‘LE BiARE kg ﬁﬁi" R 2 Sy AP o B R
-1 ‘i;';“*-L—"“ : o

Ffr

SN SV an*%ﬁtﬁv%yﬁﬁéﬁ§¢/ﬁ‘ g
ﬁ;ra'ﬂﬂ? s WAL A EYL € YEH 0
ffﬁﬁ\ﬁﬂj—ﬁ koo H PRI OB B R 0 9 20s-30s 0 #F U B 47; e
FHLEA) e 2 18 0 ARG Ee 2 PP R FE R E R ALK EE
Hré ha o RPN o Nk 30sfs o Bfs o TR AT AP LR

?amy%aﬁ,wxﬁ%é%’ﬁijiﬁﬁlﬁ’%Eﬂ‘ﬁﬁ%**
i‘E’F f@t‘ﬁ-i‘é :’\; 5 }é’;i[: ﬁf’ I;L?‘ o 5’ \/7]‘ f_’g’ifg’ '/‘j_rgg E"f"%&{g} 3-8 b"'i";%. ;EIJEIJ ﬁj?—\%% g

D

FRAMOR o AR AR OBISHEERN G o

40



0.5 1.0
E 3| G
= 03 = 05
S 01 =
=] = 00
=200y <
s | <05
g E

0.5 1.0

0 10 20 30 40 50 60 0 20 40 60 80
time (S) time (s)

(a) 3§ (b) $i
Bl 3.8 0 AR i A5 BEAL 5 RS &

(2) Wi R

ol & R 2 P)R % 4o B 395 RB.9@) 7 2 3 BB MR TS
ik &5 P A e MR I g o SR 39(b) ko F R LY
P B BT o NS R R kg 2 A B g
v R LR e VIRREB2-5 &) AEE S wick B R4
e o ATl A R R IR o BRI - R R s o 288 0§
PEHRRERDT AP I GRUAPFLRE LA § R LR
kﬁjﬁ%,ﬁaggggﬁpg,Eﬂﬁ@iiﬁ%{@39%§ﬂﬂ%?

ARtRZ 7 FADS o SR 3.8 8 Bl 3.9 BE kg o FHERTARGS B

41



5 10
=9 g s
A =
© o 0
2o f :
29 z 9
5 -10
0 10 20 30 40 50 60 0 20 40 60 80
time (s) time (s)
(a) E Sif B (b) %

B 3.9 hig & B 5 RlESE

() g wd %
FHA S BRI R e B 31004 F L E RS o KRAET 5 AT
RIS o B E ARG HShdOk S TR 0 BRI R R T RS L
Flenfeld 1w FehEB KGR TS o a HPE ko B g%
%$’i@$—ﬁ%ﬁ&1ﬂ’wunHmﬁﬁiﬁm”%{&ﬁﬁ’

& Flp BB L MR AR g A kg it @

4
i)

{

R - Sl MKk R SN X e TR Y
T FFI 0 RER B 3L g o

0.04 0.030
) E 0020 f
= 002 | =
T 5 0010
E E
= 000 - = 0000 - -
g S 0,010
= 002 | b=
S S 0020 |

0.04 -0.030

0 10 20 30 40 50 60 0 20 40 60 80
time (s) time (s)

(a) E &g B (b) %
B 3.10 i Bed & 2Rl %

42



3-3-2 TRRFRRERRFEGEL R

K ;"agﬁv%ﬂ;lj%‘rﬁafa » B B e @R R 0 H 3 NG 5 b s

ETIS

>d:-
!
=
w
)—l
[
s
=
w
y—a
(O8]
v
(b=
Wi

- iR ARk R R LI k-

Fa A end i AEEFeAs RT3

F_w.
T
s
Iy
N
A
k=22
.
<

M B AR e o AR FEAE S
akﬁ%bmm%%f’zﬁﬁ%ﬁﬁ$%ﬂ % A ul e B 3120 B 3.14 #F
£
v

BB AT S G o § 4@@&%¢%{@ﬁﬂ$@ﬁ%%»

2
f
FA B H R TR G B IERE B AR RS 4 R

0.040

0.020 |
0.000 - oot b ol e =

-0.020

road curvature (1/m)

-0.040

43



i)

0.030
E
= 0015 |
g |
g 0000 === — = -
3
=2 0015 | |
2 I

-0.030 I

0 10 20 30 40 50 60
timte (s)

3.13 §4if &Rl 5

(F15 f—:,ﬁ.lé é‘)

B3.14 $i 8 5y

333
I~ % A4 B i~

F1 3.8+ F1 3.9+ 3.12 % 913,14 21 ) e F 3 F B L=10m

o

R L Q{iﬁé+mﬁ@?”' 347 7.13 2 < A(CCD# A&

| ‘.l';"‘.

4.-‘

‘ /Plvé"m'

fJL

% 200cm) > #711 B~ P fF g
st Aag
2 [B] 3.8(a)rt ¥ AT g ST
KiPped o R AN EH BT ARG
@k A AT ARFEREL=13m s pF > B % 2 L=10mT & * £  FT TR
Boenfe A kg o B AERL=10m e ¥ P BIL R DA F R ALEEEEE 2R
FREFGFOETR Y FEREEE 0 R g R F R
WY BT HE AT B S hgE P kAR
BEH S G LEL=10mipl3E 2

B ¥E3 7 I am AR EESLE AR U A5
T e AR U A BEHLE % o SR 3.15
AFEHL=Tm{S 7% 3| hF A R 35 L=10m
el g T Al W

B B 305 5 7 AR

7 %2, ¢
F: {‘E; EEE ,J‘E .“tft‘.a

» AR

B IERAE S > h AFTY B

44



2\

0.5 0.5
% 03 % 03
% 0.1 % 0.1
E A1 W “ | WI E 0.1
g-os - %-0.3 -
s s
0 0 20 30 40 50 60 0 10 20 30 40 S0 60
time () time (s)
(a) L=7m (b) L=13m
] 3.15 aiﬁiﬁféﬁ‘ﬁlﬁﬁ%’&_ e w0 AL BESE T 8 R T e AR T A BEAE

FEIRREBLRFARRNES:  PHFRIRGHERCHE LR TR
Foif % B en@ tfg S DBl 0% > A 0 ST R RIE F R B i R Af
"E R E I R DT ’&ﬁﬁﬁ%ﬁﬁﬁ%?ﬁﬁﬁéﬁﬁﬁﬁﬁﬁﬁ@
7 N g RAF > TR s A @D e it HE AR R F
3.10(@)% B 3.12) o ¥ #h o B G IRLG %357 B T DN A SR F AR AR

HE S - MR B ko

|

1id jjg it B (Low-Pass Filter, LPF)

Bt iRl s gk SRIPFRIDEF RS 0 A TREHJ7
SR F R S B I ARG A B R RAIEE T G 0 R CCD sk
fi 2 5 (5)4m:CCD hg )+ 18 2D->3D H4e ¢ 5 2 130 L ot} @
TR R AR R ¢ F Y e M S8 40 CCD

PERCERBEREEE S T EORE S R BF AR LT 0 AR R

de o — T E L B L 2 o

v
@ﬁﬁ%%iﬁ@ﬁﬁ{%ﬂ%ﬁﬁﬁ@’Wi%?*%@*%’ﬂ@
PPEATAR o AL EE - PR R 0 P HE M BF 0 DAL RS e

e ima A R P FERW =3Hz 0 FRY FEEW =1Hz o d >N RM <

45



1

(4 3-2 é"i) L 3}1,15’&%%&5;@@;33%&%

(a)Vt $ B SE B

WOF gt o B 3.16 AR RABIEM G £ MU mA Bie g R Lo B ALY
S0 SRR 15 h k4o B 3.17()(b)*r 7 > B 3.17(c)d)(e)x A B v iRl
PRER(GE IR ZE) FRE O RREEM T LR W €A
B SEEE S - B PHER MRA SR D RIFAS
L edg g > M R AL R T o
— without filter — with filter ‘ — without filter — with filter
05 L0
E E
S k) 05 r ‘mﬂp\{'\\
= &= v \ r'/
> 'I‘ =) L f ‘g:J \./
é 0.0 P o iy \. )l - _,{’J\,\f E 0.0 "y / "V WA -
05 "0
0 10 20 30 40 50 60 0 20 40 60 80
time (s) time (s)
(a) & (b) %
Bl 3.16 OB L i HIREL T AR %
— without filter with filter — without filter — with filter
0.040 0.030
E E
= 0020 = 0015 |
20000 frmemmmsscmssn e Sttt 2 000 prsetyrtihyg
= 0020 f < 0015
0040 000
0 10 20 30 40 50 60 0 10 20 30 40 50 60
time (s) time (5)

R E ¥ VA

46

(bt gt iE o F 5

AR S S



(c) & F=0.02229 (1/m) (d) # Z=-0.00078 (I/m)  (e) ¥ ZF=-0.00824 (1/m)
B 3.17 o o {8 BRI %
d 3-3-1~3-3-2 5 1 ARG e gt e BRI R RTINS A
SRRl = e %‘,T‘{-Q!rmf‘f PEMRE I D RRES £ R HD R
7 4 deds (% o

3-4 H ki &R

PEE YR
ﬁ;}i’*é?-ﬂsbjéf'”‘ﬁ.]i Jﬁ"; aiﬁmﬁﬁvﬁ;omj\ ;{"/f 7 fE4e

=N

P AT TR AR Fie- Kk A AR E L AR LD 3o e i R
3‘,il

g

B enlf % > T REE- A o

7N

3-4-1 #4102 B

BH AP A EREGFNEE S R RER LRSS H P RLF L
T B dmi EFRARBBIER L F o4 R EFERAEZ EETAR DT L FirPER
i VSN SR Al 3 A o V- S S ) R

1~Pa41 &
WS b R Uk e B 3.08(a) 4T 0 L F A& 4 R e LT L

47



#‘%_@-‘F—U«E{“\g% S g T A

5 E M 5,
Controller

(a) F#1= R

-

ez

(b) Wk & B B (C) A= th 5 KERR 5 B Pt
Bl 3.18 Habliz Rl Fs HHuf )

(1)}%.‘:‘!’ = i‘-_!—_.g’lg\i‘ NS TF;:»;}:.@ S R n}i(n>0 v % T ﬁ_j\,fi %d F J"EE@‘:&L%
BnR ) BRGCE R T o PO iy, TR e 8 5

WY o 4e B 3.18(b)

Q)2 FHPI P G BHDLFED T ERB YRR G Ay FTAT TR AP

B > 4o B 3.18(c) -
FEML o UPEAIELLREHE v s LR OERF R BRI LR

K {9 4o (3-19):

S =K, xy, (3-19)

48



3-4-2 wimEd & RFL
R e FE e T AR R - B AR I T g e AR g2
TP EAp o g 1 0 G - Bk (TELE S
Ast(k)y=0o1(k)-or(k-1) (3-20)
Sr(k): ¢t % e s s & R
Si(k=1): 7 — %] i gaid b & B

ASt1(K) A 2w g s b R SRL

343 APM & REH

BAETF R bR B R AP e 8 e
B e koF B 0 o0 bt ABRRNE T chie LS i R B OB e o i Bt
G5 @ PR RS & B (5 e P Rl R X P15 R B g 4o (3-21)

Command.= (A5, x20)x5/45 (3-21)

H e ¥ Command >0 %7 BiEpEs > wigd 5 & 2 > § Command <0 » & 7 5
FHPEE S e R o

5, (% ok & B)=AS, x20(Hai5fe— b 4 ) (3-22)
SM(E & B)=5,x5(3 5 fod & o) (3-23)
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