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Abstract

The objective of this research is to develop an
advanced driver assistance system with lane departure
warning functions. The main input of this system is a
CMOS camera, which is used to acquire roadway image
in front of vehicle. In order to extract lane markings
from roadway image, the image processing methods
such as coordinate systems transformation, object
detection and object tracking are applied to recognize
the lane boundaries. In lane marking recognition, gray
scale statistics, dynamic range of interesting (ROI) and
featured-based approaches are used to detect lane
boundaries successfully. Besides, by means of the
roadway physical estimation models; the circumstances
of lane departure can be detected. The experimental

results indicate that the hardxare (TI-DM6437 DSP) and

orithm used in this research are able

to recognize the lane markings, and meet the
requirements of real-time computing and high reliability.
Keywords—Marking Detection, Lane Departure,

Dynamic Range of Interesting.

TAE R EFDRT 2B ART P HE Y
B F S ARRTIOMBI N B R 2 B AP M DA
% 2> ? §m(Advanced Safety Vehicle, ASV)Afs > #
PoRRE 2 PREY hE Rt 2 AREFE S R
BEIHEARL 2P EERLLFTRDF L F o d 3
T D AT M RBITEE A Pt o
BT S A A ARIME R RS2 T B
B B R ATH AR B S e FP R 513F 5 hd iy
2 4p B AT 5 & * CCD/CMOS #8485 & fb g
FERFMB T 2 AL Lo R
BB > AR R R AIEE 0 U A

PR E e kit o R 1 R RRH G R

i

el

Pl It ERERRE R B R o bk ER Y
R B R AR [2[3] 0 4 BRIE B AF e ik 2
3 o 178 %= 7 # Hough Transformation £ i § -7
FE - A4 7 MBI D ERND F AR A P
# T s A SN =g ) ¥
SNBSS BIEE YR BT TR S
FAR el Aoni R
BenBR s F2ER DA 0 IR TR ERL Y
P& Pl o : =

RGP P i

DriyerAssist System) » i



2 RfEcn DSP & &0 EHED BSR4 3 Sk eh
PRI E 5 Rl 2 e i R X l“]

Input = |
il o O CMOS Proceasing Un TET LCD Monitor

ABABEP R EF M 2 FED R I—l'““'“" .,I ey |," m
— eisar Output | l
. ~ | Viehicle Status ! . - =

# ¥ 77 (Lane Departure Warning, LDW)2 # it » &% M%r "I
A 3 ) /‘ [~ Indicator m

EE RN Y SIEE SRR S E R 1

TREEEARETRS e A H RS R FACD PR .
(EEPROM / FLASH)
& S 5 o

Bl 1. % ki f]i
2 53 A % (System Overview)

*FE R % ¥t B i 72 E (Digital Image
Processor) 3 38 & 17 > F LI pF B G SRR (FORJE
w o E I ,’g,\;h 7ﬁ§ 5 #ug;, BRI Th i o MR P HuE B Lane Deviation Estimation
EE LB L R e d B e T 3R Bapppnod @
AR pEF* B 24s % (Dynamic Region Of
Interest, ROI)ef 3k &_» 3 4c }2 e dE B o 1L E gD
P AIRF B 2 A% A REHIE RS R
FEAE A FESNE ERAD RO S
iTH o Bl 2. 2 78T LR
2.1 k334 (System Structure)

A op sz AR E AR 19T 0 A R R RIER Z, Z.
PoIVER G P ERS AR K 0002 fe
e p ARG R 2 d SRR R
T2 RRE G B RBE I ERAED N2
TI-DM6437 #ci= 20 8 A8 B (AJ2:# B & 600MHz)ie
ARG R B M - KPP
Bed P i RS R E
s MR WD G A E T e F kAR
£ %1 TI-DM6437 & % i¥ VPFE -~ VPBE - Resize %
R SR TR At TR AR % VPFE §%
41 Video Decoder #EB&ﬁ% B o B PER S YUV e B3 2 REEe T e gt %R
MEZE A2 FEER T AREGLTY T % 1. Parameters Definition
BE T R 4o R AR 0 @ 7 EDMA3 #-Y 2 B Name Definition
% YUV &8s B aEs 715 4 i iz A u B 5 2 LA
P g REARPGILAEE(F TR E R 2 v p Sl RS
iRk R 2 Eon 2En)pF » £ d VPBE(DSP 10)#-%° H e
oL i3 e iy 1 > 24324 DSP IO gy i1 # 57 3 k. m. b i
Lo W2 5B RS ET kT LB JIY ERS
3 PN BB T T U A 2 AR R B R e
FE L P A i";l"lﬁfr—f‘_ﬁ{?”ﬁ @Elﬁ T |

3 1845 °

L

g
(.1

Xw

o3y

g




2.2 i g€ 4 4 3L (Coordinates Conversion System)
R BRSO o AR M o ®] 3 om0 o
R E RGP IR AR R BT B RRDR
G %% 2. 2-D FAa5d B REgdE - RR S 3D
ZEFA > NEFIERAEZFZEF (/AR D
T REEY TR FEAKRIA L 0 d AR
R B R I B T G bR T o A
FRER G R g L5 (D) 3 Q)
BN Q) 2T R R ARE RERHES B
e s R i i A& P 03] (Road Geometry Model)
P 4o (@) o TE R kSR B e

JOESEIE RS GRS LR kY-

xo_Ud & 1)
e,m, -V e,
y-_&H @)
e,m, —v
7 _ &mH 3)
e,m, -V

2.3 2 s M p (Lane Detection)

B AP B B AR B 4 4T o
AP - R T HEH - ELFF B ERG
B BRIErBFRER G RATEFREP AP
WA PIRA > A G BT - AR
F ORI T 2% B E R (FARe ] o B
T AR R E 2 (ROD) > & ROL el 4 Fl
NIRRT EFE R EAF Y G H N PRI
Beis- 7o A Fmd g AN AT d AR
AED FARLER § iR - g fE2 LA %o
Flt A1 A Bhehin B ok X R FRER R
Bl kend FRET SRR AR ;‘ggbi@gﬁfqi
FER 5@ B AU BB AR R B
Box LB A ROLeTR AiFit - Hph I | B o

AR B E B R i AT o

LA R
s
—=h
T

F W

a;
‘tﬁ

(1) & i &4y (Lane Mark Recognition)

Lad Pl dZ iRl d imdE e R TR
2 B g A AR RT e B g
B oo s R AT Bk L B R R
%ﬁ%%miﬁé%uﬁﬁﬁﬁﬁ&ééﬁﬁ%%%o

e (High-Grey Value)

EF Y A A AT RAPROTEG TR
FEA AP E  FAFHIR R 5 2 & gt aenl
BE R AR W A ARG 2 LY

(b) s,ﬁ,ﬁ"é-_‘l‘#-}ﬂlﬁ 4 # 1% (Edge Characteristic)

1% 2 MRS Rk PR R 3
FE e T2 2 g ERFPF o A% 117 Sobel -k
TR kR G F - PR A
S i= g

Euv)= {S *[I(u,v)] if I(u,V-) >0 -

0 otherwise
28 I(uv) i R o B(uy) 5 B8 e S]]
-1 -2 -1
% Sobel i@y » H-kTEX¥ 10 0 0
1 2 1

(c) F Bi=3 % & (Range of Lane Mark Width)

FEEREROT R € 5B B AT bl
B RRAHATF b0 2R (G)HF 0 b LIk
RMEFAF I RLER > DRT Y - BH TR E
Ko it 0 s AT B M| ETiRY o
e,m, Ve

— ®)
H e

v

P AU R RARSTR AKX, P T RER
TRE R -

(d) i 42 (Continuity)

B R AR ¥ 35 E M E $ A (Segment by
Segment)F 3 4 e X 0 I E & PR 0 3T
@ A5 B if :# & (Lane Boundary) » & 4 48§ % 5 &

Au=AX,, -

EMZEEME -

(2) A @ #7735 B (Road Geometry Estimation)
PP E R FER > A I B g

20 Mgk R RSV AR 6 “rR 2 R R

Boe REBAAGR RS o APD TA B
BIRBLIALFIEL  UFRE D N EFIER

2 HF o EIUL (6) B2 () LERELEFR

(ROI):

ROI, =[u,, — 4, -Mark,,u,_, + A, - Mark ]
ROl, =[u,_, =4, Mark,,u,_, + 4, - Mark ]
a— _




f6— B FeBuei s - 7] > ROl e FE % 4cB) 7 %7
Ao T B AR iR T o L
ROI K %7 15 fesn it Fady 4R & ek » 7o v vl peob
#1452 B (Image Processor) & ¥ P i m i 3|7
PRz »a% o Bl 8 5 2 Eyriz B ifodZic B % »
TR E LRI TR Bk ¢ AE NP R L
LAMATIE R N P SR T RFEF D R

BEEFRY SR E

LDW 5k =

o[ RV EDDR2FT | o
L Image I
( A

S -~
| s L i
SRR | | |
| ] |
| ] |
I | |
I | |
L [pEEEen] 1 |
I sy a,rking)l?T | | ¥ |
| B3 ROD b |
I | |
| T— : ! :

| I
I | |
| i 1 IR N WP '
I I LA |
I | |
i ) : I :

| I
I Yes : ! :
: RIFTH R E] | : |
I | |
I | |
I | |
I | |
(T B it i |

R ECRGA &
i e
\ J
END
Bl 4. 2 i S0 5plin A2 ]
|
g - % r
I y
/ ’
o~ = 1
S -\‘--
e

1 153)

Gradient
£
o
-]

Lane Mark Width

Bl 5. &R

Bl 6 A4 @RI TS Z FH

Bl 7.ROI @ hd o ¥ ek T



SEVE TR
(D~ B)z et st » T o2 22> 4348
D- BAeRr @) B ERIE AN I B EMR
222 $i(Lane Modeling) °

X=Kk-y>+m-y+b

®)
2.3 # 3§ i # % iRl(Lane Departure Estimation)
B AAE fERFEFHAT 4039
O
g =2-k-y+m ©)

YeBl 9t o I B A F T U Kl D
R e A R AX (72 fREE D i f M) 0 doT At

7R o

b
G0
= 10
By (10)
2 2 Ot

EOLIV G 4 585 0T R e N
[RACE '%»1 PRSI T REERE
Wi o ASNE AR G LG R 2 i Al

) mp—ﬁﬁﬁ

% 3uBk 78 (System Verification)

3.1 | =% > ;* (Experimental Methods)

Apre g O s P EE P B2 ARTC
#rfh 2_ 3% 3 -(Proving Ground Testing) % i
& 3§ 4 i 3# (On-Vehicle Testing) » RIz# R HE ¢ 7 P
Bl ~ax ~a X 57 R AN hE s
SIE B K2 SE TR BB A AR KL ER
W2 w2 LR PR FNE 100 2% 0 R
i# A1 Y S0Km/Hr~120Km/Hr ¥ ~ B 38 B end 5 L2 e

By

P _L @B sl R o
250m

B 10 3 &< £ 58 @yrah 2z 23 b 87 P s o
WA F o ALFHRD A 3 ERT URD D EK

B G RATERRAS  eRI10¢ 0 2 ALt

LT ATT 0 KPR D RRREL TV NI R E

Ao FRARABEEF T B ER ARG EE L A
ML THRB > 4B 10+ T 24T 9757 o

3306 1 48 % o

Lane Departure Warning

10, & 3 thfs 87 % Suiplid

32 FHES (Experlmental Results)
Bl 1152 LE%RH* BN
m}_qev—a_\ﬂ 2N % LL;P‘

?%ﬁﬁwa'
LAEFEE D ke )




=

]
oW 11(0)% ™ Fif Boihypmiidd » ¥ 8 3 (3
Wihenpe g 5o 3 XL FHEF FHE 0 0 E 2 iR
Ao W1 (D)7 B BaFRRES > § 23
B A AR E R T A R B e B 1]
ONOELBITONGOIE EREE +37Y: 5
%o BT doysonk o 3§ Fl L PS8 T B
FHAFERY PR R A BB A £
oo FFETT R L BB S LR o
GAR D 2 PR A 2 AR AT
% 4F 0 Pk iF B (Expressway) & F @ 2
e

=

ERRB G FE kTR ARE S AT 2 RE R

3
@

N
|

3

5

+

L,

™= =3

(Highway) 2 if i #% 875 i iz T 3oy 5 i 96% 1
+ ;@ &P BiE B (Uban Road) eipl:d g % 7 o
e
=

X
Sy

B g A
JsTn i ARTC 322 -2 % # % i B (High Speed
Circuit)£2 / 7 2|3# 3§ (Coast-Down Test Track)i& {7 &
S S PE 2 ABR R RREEES 0 Y F

ABZFERF D0 90%LE o F A

1l g AR PE AR BRES G
250m

92% » @ G (TRIFE ME R (T ARGE 0 B R

B HRAFFEIRE T ORI 0 X ik R

[EN
S R S L
=3
U

# 2. Availability of Lj.f-l‘?' recognition and Headway

detection
Lane Recognition
Testing condition Remark
Availability
General Road
Expressway 96.2% Curvature<(1/60
Om)
General Road
Highway 96.6% Curvature<(1/60
Om)
General Road
Urban road1 95.6% Well marked
lane
General Road
Urban road2 90.2% Poorly marked
lane
High speed
circuit with ARTC
92%
Curvature=(1/25 Proving Ground
Om)
Well marked ARTC
97.6%
straight lane Proving Ground




:
21
3

(b) B+ & =
I

(©)F thi&end i

" Doz 3
' 00:25:32

3 B o
A PR EAR T h B R R
= éu%?%%‘ﬂi‘éﬁi%iﬁ M T L HBAR
Wi FEENE D A RS FE R R
D E AR R LW R s hay
d ARTC 3#8 3113 - S 2 PIRELEFIInT
BESH

(1) k7 d F~ R F 2 Ha I FRT

L I

o

(2) 3 55 £ D FRURL P 7 7

2

az

dodd S FRCFEFR BRI RN
B A .

() * AHP BT EFEP TG R D
Poid i B

(4) » b2 g2 BV EF] 20fps > R E B
Pij% > TR R R

ek pmeirEEF 2 HREE R TR

g

N
=
g

2.

I R S B R E R

o TR W

o ABRD S e PR RS E R
ERESE T2 hor f AP B EE)

W ERT AR TREEE I EEF R

8




T ¢

BHEMNEIA T ERPHEF PR
(97-EC-17-A-16-R7-0789) £ #p* ik 2ef7 7 » 2 B5 & 4@
P oA pl2b g o
54
[1] M. Bertozzi, A. Broggi, M. Cellario, A. Fascioli, P.
Lombardi, and M. Porta, “Artificial Vision in Road
Vehicles”, in Proc. IEEE, vol. 90, July 2002.

[2] Yong Zhou, Rong Xu, Xiaofeng Hu and Qingtai Ye,
“A robust lane detection and tracking method based on
computer vision,” 2006 IOP Publishing Ltd, vol. 7, pp.
62-81, February 2006

[3] A. Broggi, M. Bertozzi, A. Fascioli, C. Guarino Lo
Bianco, and A. Piazzi, “Visual Perception of Obstacles
and Vehicles for Platooning,” IEEE Trans. on Intelligent
Transportation systems, vol. 1, pp. 164-176, Sept. 2000.
[4] Suzuki A.,Yasui N., Kaneko M., “Lane Recognition

System for Guiding of Autonomous Vehicle”, Intelligent

Vehicle '92, pp. 196-201, Sept. 2000




