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RESEARCH ON LANE DETECTION SYSTEM BASED ON
COMPUTER VISION

ABSTRACT

With the increasing number of vehicles on the road, lane detection
technology is experiencing unprecedented challenges, traffic accidents
caused by driver's negligence in car driving, causing great losses to
people's life safety and property. Lane detection is the most critical
technology in lane warning and lane keeping assistance system. However,
for many situations such as curved lane lines, blurred lane lines and road
signs in the highlight and dim environment of lane image, the robustness
and accuracy of lane detection are likely to be reduced. In response to this
question, this dissertation proposes a lane detection method based on
computer vision. To achieve accurate detection of lane line in different
environments. The main research contents of this dissertation are as
follows:

1. Lane image preprocessing method. The preprocessing methods in
this dissertation include image grayscale, region of interest (ROI)
extraction, road image adaptive enhancement, image binarization and
edge detection. Image grayscale transforms the color information of three
channels in the RGB image of lane lines into single-channel gray image

of lane lines to achieve dimensionality reduction. The region of interest
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extraction is used to extract the valid lane information under the gray
image of lane line. Road image adaptive enhancement is mainly used to
improve the brightness and contrast of the image of the area of interest in
the lane line in the dim environment, and to highlight the target pixel of
the lane line. Image binarization is to block the image of the interested
area of the lane line and use Otsu algorithm to process the binary image
of the lane line, then remove the interference information and retain the
characteristic area of the lane line. Finally the edge detection algorithm is
used to extract the contour of lane line from the binary image of lane line
to obtain the edge image of lane line.

2. Lane detection method based on sliding window. Firstly the edge
image of lane line is divided into several blocks according to row. Hough
transform is used to detect all lines in each image, and useful lines are
obtained according to the characteristics of lane line. The lines on the
same side of the same image are weighted and merged to form a detection
line, and two detection lines can be obtained in the same image. Then the
detection lines in all blocks are uniformly mapped to the complete lane
line image and used to identify the lane line shape in the image.
Meanwhile, sliding windows are used to slide from the bottom up and
extract the centroid of the lane line binary region in each window as the
feature point, and the lane line is obtained by fitting the lane line shape

with the least square method.
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3. Lane detection method based on line segment gray difference.
Firstly the edge detection of the enhanced gray image of the lane line is
carried out to obtain the lane line edge image, and the Hough transform is
used to obtain all the lines in the lane line edge image, and then the gray
difference of each line in the lane line gray image is calculated. Then the
gray difference threshold is selected by the clustering algorithm to screen
all the original lines, and the lines with gray difference on the edge of the
lane line are retained and merged and calibrated to obtain the lane line.
Finally, Kalman filter algorithm is used to track the lane detection data to
avoid false detection and ensure the accuracy of lane detection.

4. Design and implementation of lane detection system. Based on the
two lane detection methods proposed in this dissertation, the framework
of lane detection system is built, the software of the lane detection system
is designed and the function of the system is tested. In addition, the lane
detection algorithm proposed in this dissertation is integrated in the
Matlab environment and compared with the existing lane detection
algorithms. The simulation results show that the detection accuracy of the
lane detection algorithm proposed in this dissertation has been improved
to a certain extent, and it shows certain robustness in complex
environments.

KEY WORDS: Lane detection, Hough transform, Sliding window, Gray

difference, Least square method
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Fig.2-5 Enhancement effect of different algorithms for lane image
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E, rEIF R G 2 A UG Hh B R X A 5 tH IO A R sk . T
A /NETE 2R H AR R A AE B R R TR R 2248, 4 AR 2R K FE 1
G —{Ef R uER M, DA S Otsu SR A3 i EHE AR/, M Otsu
BVERC IR R R 2 UG, SRR 0 4R 0 2 K FE AR 1 o BRI, s £ 4y
81 ] 1 S I 2T 2 K FE R —AE A

BT Otsu BIE I JR F A 73 1 75

1R 2R B R0 A NAS 120100 (Kexd8) 14K HIR B 2R IE 2 IR
BIE (UpUs,....UnD), B—AJREEIE LK E G y— 500, i Otsu &
AT, A BT Otsu HVAM A BIHIME (ToT2,..., Th), W
K(@2-4)FR.

T =Otsu(U,),(i=1,2,...,N) (2-4)
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2. X N AT BIRAE AT oM, AT S BB R 1R
TIEL KL BB FIRE, ZRERHK T HELKE BN B ERKEE
I T B BRI

3. W AT A B r BIBE (To, T2, Tn) IR KME T, 030(2-5)F17R,
i FH B K B BRAE T W AR R TE 2R AT BB AT ML, REMBARGF (0 PR B 2208
LB FIFEBRER T RBRLRFEL HER.

T =max{T,T,,.... Ty } (2-5)

TERAT B AR, R AR AT A PO 0 A AR BB 2. AN R AT O I
EFVIAS . BT 2 MOCIRRISZ N, FE R T AP ] RE
FEAEZESE . PIEAS SO ZETE 2 K JEE R 7 9 e A A S5 AR R, 20 3 %
P Bz 2T Otsu LR R BIE 7> #1715, A PIERER R N A Foor
FIRE AR O AT 2-6 P o dieJm SRHR AR 2 AP P8 2 A N0 £ S50 B AL
(T Tr), (EFHARRL A 20 BB 20 AT R IE LR B — Ak, —EACR QA
2-7 P dHI2ET Otsu Sk = &l BRAE 73 515V AT DR B BEAR - B 2R
AR AR R AR Z B BORIE BN, S BRI 25 B e IUHERfp 5

u1 u2 u3 u4 us us u7 u8 u9 u1 u2 u3 U4 us u6 u7 us u9
0.212 0.239 0.259 0.243 0.243 0.235 0.227 0.231 0.259 0.224 0125 0.129 0.216 0.22 0.208 0.169 0.169 0.169

un u12 u13 u14 u1s u1é u17 u18 u19 u11 u12 u13 U14 u15 u16 u17 u18 u19
0.18 0492 | 0.204 | 0231 | 0.137 | 0.137 | 0255 | 0271 | 0.241 0149 | 0149 | 0.259 [%0.251 | 0.241 | 0.2 0.192 | 0.184 | 0.176

u21 u22 u23 u24 u25 u26 u27 u28 u29 u21 u22 u23 u24 u25 u26 u27 u28 u29
0.106 | 0.11 0114 | 0118 | 0122 | 0129 | 0241 | 0.212 | 0.196 0204 | 0137 | 0133 | 0227 | 0227 | 0122 | 0.118 | 0.118 | 0.114

(a)Zc X 35 5 T ) 4 1 R 23 A (b) A3 X 3B T I 73 % A 43 A
1r 1r
ool —e— Otsu [ i ool —e—OtsuH
--= HFs K ¥ A8 === H AR K AH
08y R BEAR 081 e L
0.7 0.7
0.6 0.6
o pu
o5t 205
X K
0.4 L 0.4
03 03
ol W% 02l R P-6-g
0.1 s 0.1 L o2
0 2‘ 1‘1 (‘i‘\ 2; 1‘0 1‘2 1‘4 1‘6 1‘8 2‘0 2‘2 2‘4 00 é 1‘1 i; é 10 12 14 1‘6 1‘8 2‘0 2‘2 2‘4
LS A LT R
(C) e DX 33 B 7 1) 4 0 R A 4 6 14 (d) A DX ISR T I 43 B A A7 4k

&l 2-6 JR AR ) 3 3 BRME 20 AT

Fig.2-6 Segmentation threshold distribution of local image
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(@) KEE K

(b) —fEAL KR
] 2-7 T Otsu B2 1) J il A 43 R
Fig.2-7 Local threshold segmentation effect based on Otsu algorithm

242 FREBELFHEN _EREBMIL

FERIEL EEBH BB REHEAKEE 1 WERRA, BREREEN
KIEAE 0 B E . Hl X ot e s EHEGH R AMHEGERE R
BRI BRI B X sl GRS R A 4 Sk 8
A, ATFEARAT R R T R XIJIR B A T AN FE . 4 GURE 8 SUsH B R &
i Uy s 2-8 s .

(a) 4 4HIAH AL (b) 8 AR 4R
] 2-8 4 itk 5 8 WUAH ALK R an i K

Fig.2-8 Relationship between domains 4 and domains 8

AEELE G TIE RBRE RN, e EEs ERE T # R
R 8 4B X3, M 2R TE A I HERA I . Dy TR B R R TE 2k — (]
B T IURYEE X dk, A SR RIAE B AR & N DR 28 2 HLRJLATRFAE, 82Tt
LR ARG E L K.

B S I D 2 ML B R S5 (R BE AT AT RO ZR B, 1 A AR LT A
TIEZ KB R A E A WY B T, o 4R s 2 i R I A B 0 R B AL
AR BAT — 58 R B BN 2 I A 4 B AR TE £ 1) — A R kAT 2>
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M, M ETE L TE RS 405 RN, il ZEiE 2k v R
1E 2245 B ERERIN, AMEIELMAE 0 VEHE A~[25°85], AM G ELAE 0,
Yo N[9551559), FiE L AUR B K 2-9 fis.

1>l w

W 4045 px

<

K 2-9 FIEL AR R IA

Fig.2-9 Lane model diagram

WKAE R IE LA LA AR R N IS8 5 A EEVa ], WTHah & FIE R —
EERG AT %, REWEREL EE B8RS X, 5t 4 E gkl
HERf K

S5 FEIB 2 B —AH BRI AL J7 i

1 VBRI LA H 58 FE AN S AR R A (fIAR: T 98 5920+

B, WRIEL AEHEMR Imgu #EAT LRI iR E A B 1 P AMEERIX I
B, DL RUHTR) —EEIMR Img. A A2 IR JE kB B Y — T3 i v LIORE 34
AR RO I X 9 2 A X 53— 5 i AT BLE B — B AN AR
I RCEE X EERDT P AMERER XA E B 1F R MR/ T 1% R T8 21
BRI X35, ol D /N1 BRI 7 X300 i 452 20 T Al ) S

e, A AERMR Imgz AT ALIFIR A B —EHEMR Imgs, PR R E
M XIRAEAT G S, DR X IR R T X, TR
WX R ATIEL B R AE .. HESBRRBEEEEE Tw, WA IXEES
BERUAEFEBRER, CRMEAE RIS, B, Aesk, gkedtirasit .

Bole, MRARICSR AU B Ay, MIFR —AERIR Imgs SRR, LTS
BV R 4R 1E £ 15 H T8RN S AR R I —E EE Imga.
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I Y REEITER” AP H A ENR Imgs PREE T A AT 2R AR
EEIBIX I, AR Imga Af BEIEAFLE B J5 R THAUHIE Hh A nge s X3k, DR bk 7 i 42
T8 2k UG — DA A b 3

2. VHIRZETE LR AEH AR S A S IR vk CRTRR: S A P 598+

B, A AHEMR Imgs HOIEE X AT T, ISR X B
FEIREAITAT DX Sk AR fr B AR AR 25 T8 28 RS R AE 0 L A B IO, 2 A B 42
T 2R 10 B A 20 BN Tar=[2080 91 Tar=[1001609.

RJE, WU A EIME Imga BB X3, AR 9 2 A 99 0] 2230 4 1) A T I
T8, VW72 368 DX Sk P AR 55 A 5 1 B D 5 BRIV L o o 32 B X3 1
R AT 2 BB YO, D H e E IR w5 S, Aidsk, gksH)
M7 HC A X 45

B, ARAEIC SR AE R X g 5, SR BT X B A R R A bR,
BRIX LR PR 2R, 1539 KR A 2% 1E 5 A 5 /g 75 X 3 — (5 % Imgs.

WG Y TERE VR R Y A RE TR M AIIA AR 2 AE R AT AR
., AT DUR G bR R0 75 Tl X, MR FIE LG R, e

At RER A, G2 —E BB ISR K 2-10 s .
=

(c) JH A B TT iR B
K 2-10 %3 2k — {8 FUR AL RO R

Fig.2-10 The effect of lane binary image optimization
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2.5 EfA LA
2.5.1 B RnEEME*

FEEE LA AR T, LG 2 — WS EOR, B qE i 52 IUE B
HETEZE A ER . IO Z A 5 74 Sobel. Roberts. Laplacian. Canny 4.

1. Sobel H.¥

Sobel & —Fh T8 B 10 SR 3702530, e AR BT —AH EG
BEHATEN, ARG EEAK T LS. FAPA 3X3 KSR BGE T
GRURAE, — AR ELGWEN K, — DRKFIL G0 N i K, Sobel B-1H)
LN (2-6) s .

1 2 1
=0 0 O
-1 -2 -1

Sober FFAEAETEL R P4 2 M, BA MBS RO T B B
R, HR2ZE TR BN —, NTEELEGR S A REERME SN
(i A AL FRRE A A A2

2. Roberts &1

Roberts 5 X RN XA HFBY, RAXS A ZAH 85 R 2 ZE IR B
MM, PO RGN, I TE LGSR RN S, ALK
FERE, RS0 e A LU, ok M 7 ) R

Roberts 12—~ 2X2 KIBIRZ, FERMEX A7 AL ANME R
#, Roberts 57 & RZ N (2-7) R,

10 o -1
©=lo 4l ® 71 o (2-7)
3. Laplacian H¥

Laplacian 57 /& —Fh i sr 5 7 0%, JEAREE . PO R RS
BRI, PO BER S WA H AR KRG A OB K
FEf e, MIGEm AT s e W Bk i DR R K AR, SEBLRR Btk
#AE. Laplacian 557 1B HOE 20T DU I A5 3 10 AR IR 3 K BEAE #E 4T
BORFIRSEDL, H AT 4 QB30 8 AR & AU 3 (2-8) s

(2-6)
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1
8 (2-8)
1

=

4. Canny &1

Canny 572 —Fh & i A 5%, B John Canny 7& 20 4 80 44X
HRHER, Canny 57 MR THRIE 2 T 13 3] — A AR A Gk iR, BRI
B 1) 2 SR AT BT 5 bRl 25 91 HUR W] R 22 Mkl ke, T I R A e I e 75
SRR M P TFH. Canny HFHA =ABZEMR A, Stk fexEG
H i H SR G AT R R, IR B HEBR ARG T IRERRE: fEIL
2 3 mRllIBOREIe Sl AU RS Ak a vt Buke < el PREIB iR v S ey ME RS E AV X S bul
GRS RIS TR I AR R A B 1R 3R TR P AT R

Canny A Z Al E D IRy 1 ol A S TR o MR AT~ I b
DABE ARG R 75 (R 6 o B3 1) FE B P T AR o AR b R o P AR Ak, SRR I
FEAE R, AR KGNS — DA ih %k, REBRE 7 ERE. ARG
M I VT XA B E MR HEAT 7038, BRI AL GME L%, &G
DGR S, ¥ 5RUEMHERNSSLEERMNARLS, B A& L
YRl
2.5.2 EiEZID G

TERE L EG AR, BT EERDGAFEEEENARERE, £
FH 320 G o ) 50025 4 B2 T8 B R A AS R e B ) AP R . R FH 3 o ) 4 %
BEAT R I BE % 50 B R SR IR TE 2R O 48 38, (2RI 2RO RPAE SE I &, gl 4R
ARG TEEE, RIS ETEL .

G ERinprike < allli= A7 SIE A H N NIl prak= & o= An e ey aata S N iR 51l V€ 8
T EELEBL SN EE N T RIREELNRESES, M Sobel.
Roberts. Laplacian. Canny VUi Zfs il 55 75 il % 2838 2 B G 3 AT 10 Zx Al
Xof EE DU 2 A ) R G ] 2-11 s

(a) A
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(b) Sober &1

(c) Roberts &1

(d) Laplacian &1

(e) Canny H.1
2-11 AN[R) L7 )3 o I 25 R
Fig.2-11 Edge detection effect of different operators

ML 2-11 {9 UL ksl 55 A BOR 7T AR HY . Sober 5-7-F1 Canny
By RES TR 2 AN A 2 1 A R BRAE L, Sober 57 RENS I o A IE L B R
—EARENEE, M Canny 57 REUR EE b & A1 5 BARI L 2. X
& Roberts 57 f1 Laplacian H7 AR, X AN 7R 20 R IE 2L B R
KB 2 25 A5 BTN, Joikin Al E T8 2R O SRR e, ANl N
TFIE 2L R 0 G A 1T A2

MRS 7 Sober HLFA1 Canny ST HIIAGATI AR, W LR X i Fh ik
AN S5 73 0 L AN R a8 2 B R A I 5 9 b o AEOB ISR R B34 85
&, M Sober &7 REAT AL I AT MR LT ST S, SCHE e BT H
TIELLRE R . RMAEC R I AN, FIEL AP EL RGP 2 BEA
A, MFEMEH] Canny H B KGR TEHTER, DRIESIE L I RHIE
(IS A2t SN R/l P
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2.6 KENGE

AT T AT A 2 G AT AL B Y BB B, e L G P
fhy B IRFRE. [ SRR R A L B A AT, 4 T
KB () 555 DR BT R P 07 R AT T VIR IR IR 07 . k%) R 2 BB R
FEREEREE T () I Lk G, i 5 TR R R R B R R R, R
8 9 L A P (L P R R PR ) 20 3 S 0 B, PRI A
(R L RO IX R, 36T Otsu B HEAT Jm 30 bR 43 3 S DR A1 4,
G TR T LR P A MR AT A KO TR, 5 A P 22045 YO 520 R 2 3 2%
%, AR B G S BRI PR 1
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£ 3T ETEIEONEBLERNGE

LEIELE R P ETE R MR RS H R A2k . /E IR R S Tk S
i/ Hough A&k il 218 i Z R TR I B 2k, I AR PRI BL2645 B A
EIELLICIR, SR8 T3 & DR BENLE S ke, X R84 (R k4T
R, WE BTG R A, I 8 I i AN () ZE T8 2R IR 1) 22 38 2R 4
T BT ILE, ARIR B LR G B 2R
3.1 BB LN

TR — ORI B P E LR B DR AR T B R i 5B, iz
7% Paul Hough i, FIHATICEEANTZENKRBEDRE, BAEIRERE
b BRATUIE 5 4 B HLAL . Hough A2 # 1R A J PR R A 5 e ) (i, B
BG5S S8R R B LA B R, BUR S R B4 S 28 AT
SR

1. BB 7S (R H ) s 5 2207 B R B2 B

TEEG A Ik — K BB RE Ry y=ke+b, b K HELRIE, by
HAMEE. P, 25— 5 D(xo, Yo) WA BLA I 2 B TTHE yo=kxotb, W HE
LTI G B b=-xok+yo, ZE LT FEMAERRALAR TR — Sk Bk, HILAITS,
78 BG 2 B ) — A O RS EOCS R ) — 2k HL 4G, W 3-1 .

2. FEME 2 10] ) B2k 5 2 500 [ o 1 R B

EEG BRI —A 5 E(Xe, Ya), IR ALES R ] A A E(xa, Y1) [FIFEXS
N2 BLZE b=-x1k+y1. PG 25 0] A AL bR AN [A] R 2 D(Xo, Yo) T E(xa, Y1) TES 0%
() 23 DR N P SR RER AR K B 2, S8R (A v 1 2k B S A T — R
R, 7EE% 25100 F B A D(xo, Yo)Fl E(xa, y1) AT ABRSE I — 2% ELZk, WITESH =
[ et R i — [ — AN o, BRI Th LT RE R K st RS P R E
LRI L ARRR (K, D7), T 3-2 AR

DA EAEfFRE U ] Hough A2 (1) 5 ZR RRHB PRI, 228503 [R] e F 1 2 ELA
MERRFR o AR SREAFEAERFIRIE DL, MBS MR B RN x=c (c Wi %), HZE
BHF x B, SR EZRRRE TSR, MELTEESE A8
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Fono L, ZHCEREEHE R AR AL S R R TR, IR AR AR A br &
MIZHCE FRRONE RSN Gl b R, BB E T A f S E KA
HH AR I 52 AR R, R A 18] o (R Ak A LR DR 2 T F R A 52 il 2 R 58
FHXFRE, &l 3-3 firos. fiJmH Hough AR il B2k (1 i) A% A8 B TR K2
[] H 2 s (r, 0)38 3 e 2 1152 it 2K 11 1]

A A

y Yo=Kxo+ Db b

Y1

% b= xgk + Yo
Ya —>
. D(x0,Yo)

0 o x; 0 k;

115 %% 1] SR

B 3-1 R A [l 1) i 5 280 1) 1) LA B MR i

Fig.3-1 Schematic diagram of corresponding points in image space and straight lines in parameter space

ya , y=Kx+b
A bl\
y
y o
5 E(X1,y1) b = -x:k + y;
Y1 Ye
— bt [
Y2 D(Xo0,Yo) \ b = -XoK + Yo
Y3 - -

0 X 0 K k-

K15 75 ] S ]

3-2 PG (H) v R L2 5 2 s 8] mP IR s R EL X s

Fig.3-2 Schematic diagram of corresponding lines in image space and points in parameter space

4 y=kx+b

3

o 4
D(Xo,Y0) 9/7
. E(X1,Y1) :> / D = XoC08S 0 + ygsin 6

. P =X%;€08 0 +y;sin 0
0 -

y

P =X,c08 0 +y,sin 0
Ly \Fleyd s
0 X of o 0
B4 73 ] FE R H]

3-3 P53 B v 1A L2 5 8 R s ) ) s R X s 5

Fig.3-3 Schematic diagram of corresponding lines in image space and points in Hough space
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3.2 FELIERIER
3.2.1 ZE L E G RGN

FELEGaL FELHGHAEREN FEL EHEE, HhasrE
BNFEEEE . ARG TAA Sobel H7 AT B LIG 24 iE 2L
LGER, RBFIELEG T EIELRE.

AT R P A FRE RS OU N MBS R A8, X T EL G
Zn] LAEHEAE A Hough R4t illl i B2k kbR iR ZETE 2k, (A0 T iR EE 4 A
BHAARR B MBUBOR i 2, R ZR IS R IE R S AR, X 2k
TIEL AT A

TEHRNLIA SN BB 26 il S am iRl s iy, B T8 2R R 4R P R L I 4
LA A A AR R . 8 T X BN B, KAELY
G B BAZAT 7 BAS 2 TLBR T8 AR R M 4B 0 5, (6 Hough A2 #y it
MEFPRAFTE LD 2 BB I DL, 7B W& 3-4 Frors.

ilﬁﬁﬁ&

(a)
., (o)
o
I, ()

o

3.4 - YR R
Fig.3-4 Effect of image block detection
3.2.2 %1% Hough Z-HRAE M 2%

N TR ] RE IR B 2R 400 2k BB A I HE B B, el A S TR LR
SEE AR ] HEHAMIR R T A E S BEEE AR FM, Xt
Hough A2 #AG It # Fr 5 LR EAT i, RPTREAR B A & R B AR IE R FLZK
1 2 AN AEPR XUER 2 TR ) AR U] 3-5 F
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1 AEAR

MRAE E R AR 00 0 2 UG, A0 2538 28 4 1 K EPE[25985 93t [l 2.
N, A ZE T 2R A R SR [95 155 THi 2 P, S EUE A0 A ) 22 T 2
S ORI B 2R, DR B T R T 4 A RS RFAE RS B 2%

2. HIELR

AT RGBS E R A MM E B, R EELRG P EELN s
] 9345 A7AE [ 52 0, B S 8 T AR HE 0 B 4R 5 RME B2 s
LR MERA LI GK RO X, FUASCEREG EOgKE H 1
[1/4,3/4] X H 6 Bl A N 2 52 A4 068 B A A B 4R 336 AT — IR i ik o

) ONESLE TN

B 3-5 XUHL AR AL RRCR

Fig.3-5 Double conditional constraint effect

3.2.3 BFESUERZE N

Hough AZ4fff — 25 FiE 2k EREMS IR 2 2k B, JF HIXEE HASAHA
AR R . FEL R R S B AR —, W SR 2R v 58 i
PRIR, BRI AT DCREARBLAR) 22 25 A B R EAT 5 9F

H Al O MR & iR AR SEMPES, (HR IR %L R
B AT 2 Sk ELAR I I SN K& ] o BRI A ST o3 M A1 0] 4 T8 e o il L ) 22
FHELD AL, Berh Ik T3S BUE RIINBUT 7% RE W6 25 5 P2 48 28 P I i) 2 B
B DA AR, A5 2l P O A0 2R BERY IS NBUEL, 345 0 5 I B R e de K
SEAEIELE X I8
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BT B BUE I 2 BUIMBU5 s -

1R A 2R AR b 2o 0 5 A4 I 20 2 HE ) BRI A SR BLER, F2Rd
RHATTHFHEFF

2. KRS BUR B B St AT IR Boa &, MR, 3R
PREE 2 R ZE S, SRR T A B B B 15 2 s S BUEFEFE -

3. K P B S B RE R 73 53l 5 0k L ) 2R B B AT mfeis B, PRJE KL BLER
INBUE FI AR AN A 70 BEAT SRAN,  d5Jm m] DA 2 2 4 PN 28 BB 1) 5 O
ZBE R

Xt A B 4R 28 R R 52 B T 3h S BUE R BOMBUT %, 7T RLKE
FRPEL BRI Z X HELG IR FRAHL, el iRFIELR
MR G IS B B ERT L B a2 R G T, BAMUN R4/ IEL K
BAIRR N 3-6 Flios .

I ONESE YN

K 3-6 T Zh A BUE K2 BEERINBUTH SRR

Fig.3-6 Weighted calculation effect of line segment set based on dynamic weights
3.2.4 FEZLRARFIF
ZE T LA I HH 1) B 2 22 3 R T B AU 1 2% BUIMBUR A R 42 i I, [+
MZEE LN ERI AR 0-5 A B Lk, 4 R0 2208 246 W B 4 K
2 %, WISk 2 T 2 PG R — 0 ) R T 2 TR AT 0 5
R 4 o 2 18 2R AR o (R0 ZE T 2R A T B2k i B A SRR ., i —
A NN HIRIRAERE, THEARMERE D RIS R . HREZEMN O,
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JUAERE R Bk TR0 05 RIRZE €(0,3), MIFEXS BLAIA% T IN-1; 25 #)
RIEE(3,6], WHAEX M HI#& IR N-2; HRIFEE € (6,+], WA K]
R A-3, SR HERE R A A B R ZE IS RS, RORERIZRE
FEr) E =M. ffagiit Rt B =M M R R o 3R Jv-2 F1-3 HIAL B A4 My
PLEFTEAE 0GR Mas tH5 M/ MaHIECAE, A EERT 0.5, MIHE %S
ELREOIMZ, 5K EZETEL N E L.
3.3 EENE ORAH S
33.1EEIE OREAE &G

T8 2h & R A2 AT DA R B BhASWE 3 31 HAR P R0l H AR 1) 75 R 3 a8 A
KANHIE o R T8 25 EUR Hh 2238 42 1) i B I A0 A B WA B 8 e /N, AR08
A7 M K AARAL, PRI 3h & R TR sh i A v, W EhE
(9 55 FE AR IR i/ — s I ER AR, [RIIN I 3l B 1 ) 2R3 42 (0 7 R i8S 3l . M v
B O AT — 5 25 i AR B 1) 2500 2R AT g S A 859, aT DUAR G SR 40 2%
BEA E IR EE LA AL T XA FTAREE LS, )5
FIEZ BRI R 3-7 Fios.

I FH W B e 3 P 4R 08 2k —AE R B AR IR

1. EeWEEsha D BRIae 5 A S, TH SRR SRR DU s
B, R AR MG 3 31 AR THES 0¥ 3R

2. R i BN ) 2530 e A I B 2 B S BMBUR B iR I B 2R, THRAIZ B
HENRIRH A fL Bz s BN —NEsh & D RE LS R, B8 Y1461 3 &
FIA7 B TSRO 3 B 11 P B3 38 X3

3. A YTHITE BN N A X, U B X TR 3 AT IR 3R AR AR,
THE X EAR R SGAAARE W TEAE A E N T — MBS & DS ALARE, SRTHE
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4. BN, ARYE A FTE S A DTERAT ALARE, SRR S AT AL PR E S B
2L EHR R I T E A5 S, R ol BLAAT B 5K H 2 AT AR R AR T B () 51 A R
18, B RALFRE Ny 2 R 30 & R SE AL AR R «
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Kl 3-7 W B 1M 1 R
Fig.3-7 Sliding window through the image

<> CIPN <>

KIaa LT B B
TERE B LA B KR

I

REGEIE D ATE S

A 4 A 4

TAREE R I BN A 1 TR

(PR B O 2 S B R 2 RIS H BB X5

A 4 A 4

MABEZLER, I8 X 35 5 = BT 3 &
THET—MNEShE D EL A fEE, BE T —MESIE HER A
KA O EGRER

P 3-8 i B A Ik P AR 2% B R 1 e

Fig.3-8 Flowchart of sliding window to traverse the lane image
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3.3.2 FELAHERIE

NT R RN R G P i R A 2, A i LR A A G 2 AT
e, EEEL T ERETEEL ARG R BN Eo s, —%FEL L
AERENBRER A WRMAEELERERSNEEEL, 5o HIdNE
PR o DR A0, & R 2 I 75 B S G B 1 A, A BEORUE 218 2 40
A IRIHERA T .

A T A FH T B0 & P 4 2 AR R T S BN sh i D BIR, R
MESE D EG T, EEL B AR R VR X E U, tH SN sh &
PR rhode il DI T, RO AT SR AT 2R AE 5, T B & 0 Hh AR5 2R AIE
MR E] 3-9 R

FESEMUZETE ZR R AE RO R h, B e Gt AN 30 B I XK BT A R
B RABFR(G, yi), i AR AR IME, A AR S AT LIRS A{(x, Y1),
(X2, Y2),s (Xn, YN)}>  FEFR N OYIEE X E BR R R . A IR AR AR SR Gt L%

T X3 AR, TSRO AR AR A = (3-1) B s

Z”_lx. Z. LYy

(Xcr ¥Ye) = ( (3-1)

Hor, (e, yo)RaniEB XA R OB bR, TN, xR 15 2 5 x ARFRI &
i, 2Ny FRITA R R Ay AAR AR, N SRRl DR R R

(b) R ORBE 438 R X IRFAE 5
K 3-9 ZRIE LT AL A FEHL

Fig.3-9 Lane feature point extraction
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3.4 FEEL%IUE
341 RN ZFENARIE

BN ek E TR AECE A D, BT R R ME R E SO R, S
R BT TG 45 58 M350 o e/ —3fevk vl DA T il 2R 400 & DA S — e Aft Ak i) A
SR YRR TIN5 22 1 BBURR T, 38 I R R AR S S I B R G

FIFH BN UG R R, TR x, y TEWELIERR y=ax+b,
I O 1N LB (, yi), AR RN RIEEAR, B R ZE T AR (3-2) T
Ne AFE a b BUESFEANRIRZEF R, FERE—4 a. b EAHK
P AE BN . WRAEZ 0 7 RIR, BRZEF T AT % as b #EATR
i FHA M FHN 0, AT HI0(3-3). KX (3-3) M = Ji— K5 R BR T BL
AE-HENA, ARGERD " HIENSGLIERBHI NS5 a. b HIMHE.

R= Z:iN:l(aXi +b-— yi)2 (3:2)
8R N
5_ 22i=1(axi +b - yi) X =0
(3-3)
oR N
% B Zzizl(axi +bh— Yi) =0
a= NziNzlxiyi _ZiNzlxiziN:lyi
NZiN:lXiZ _(ZiNﬂXi)z (3-4)

b=y-ax
Hor, R RS TFAAL a. b NEMEREIOHE S, N FREEA
ﬁ;%%%%%?ﬁﬁ&ﬁﬁ%ﬁa%%%ﬁw%%%%%¥ﬁﬁﬁﬁﬁ§
B o (RS X5y 407w N 4SRN x 5 y FH.

S i 5 /N TR O 1 RV R A R T U B B 0
K00, ) s M A R R B T y =20 +ax+a, , (EAIELEIG A =
VK 2 T BV R 5 0 20 2 R R o AR B/ i A, R B TR
B 22T 7 AR (3-B) o, SRJEXT R (3-5)h i = A RO B R M 5 54
o8 0, nEEAMNH(B-6)5E-T) iR
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2
R=2",(@x +ax+a,~y) (3-5)

oR

5_ = ZZiN:lXiz(aoXiz tax+a, - Yi)
a,

R

——_ZZleax +ax+a,—Yy,) (3:6)

aR
%

O xha + (O xDa + (3 x)a, =S x2y,
e + (0 xa + () 08, = 2 %y, -
O xDa,+ (O x)a +Na, ="y,

b, ao. an. a AR RKEZTRM= A, R OR R mk
oa, Oy aa2
TR RA R B a0, ar. a2 (RS

3.4.2 FELBIEME

AR AT S PO R 2k T EH R BREATER, TS A D E &
EIE DX SR — RPN IE LRI . AR E 2 R P T IR 2N
ELLR B M 2R JRaE 2k, PR AR 58 2R 5 B 0 A RFAE AN [R], - [R]ISS JHe rpm]
RE By —LEMR i, (ER RN ARG E NPT TIERE, VSRR HER
LA A A il R A R LR, X T AN R AR5 AL ) 27 08 2R s i /s 3k
A IR Il 3-10 Frs .

500

=2) " (3%’ +ax+a,—y,)

— &K 50| —— Ak
L1

580

400

K 3-10 R/ —FIEI G ROR
Fig.3-10 Fitting effect of the least square method
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35 LWMERS R
3.5.1 LWIME R EIRE

ARIALH Matlab P55 'S R LA %, AT 628 Window #:1E
R4, KFLEEA Intel(R) Core(TM) i5-10505 CPU @3.20GHz, T FH ) 43t £&
AR FERIR T PH AR BF il s A B AN TuSimple £dl 4. Pi2esgid
R ETELEAR AR 5O A E, EEAFAORSER, AR,
MmO ORI IUAN KA, I AR R &1 SRR 5 L 2
TELZR UG o 7 e A % 500 G 2 E AT T T 57 7 el AT 25 10 S A 45 1 A AT
R, FENEEA M EELEIESE. TuSimple 2dE 452 TuSimple 2 &) 2
I TEAS [ R0 2% 3 5 P AR SR R R R, B TS
AN IFIZE B 3 5
35.2 SKIG T H

T A A TE TR S 0 T Bl B R ARG A v, 3 P e AR
. G R AR TuSimple —FPEE SEREAT 07 FK e M E s .
BEIELRAT M ITIERE I 0, W RAR IR &0 56 T SRPR TR 70%, AN
MU IERRAT I H ZE 8 2R, I i 7E — A R 2R B AR Hh IR R R
Py Pl 45 5 ok LA PR A By 30 R R T Ml S K A E PR F b, 5 (B b
AT BT A R 2k D 7 VETEAS IR OE AE  AI M BE R TE RA
e 28R N 8] 3-11 B s AR B e 3-1 o
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(c) TuSimple ¥4
3-11 HFPER AR T A I 5 R

Fig.3-11 Detection effect under various datasets

I 3-11 (OISR R, TSl B A 2R TE A I 5 2 ) ARSI AN R
JUTHZRIEZE G, R MM EELEBRE ROL K/NRIAT. X T 08232 id
KA YRS P R T B s R, T8 B Bl 100 4238 2 I 7 vk e g N e
R R MBI, RIAEFE B L R P R IE LR . A K ESClAR
fAAE M ZR RTE 2R 5%, R TE AT AU R RE s HERR IR I 4B 2. X+ 35F
TR A B RS TuSimple Hodlade i mnd 2~ B EIR,  Horb T-P0E B AR
A, BMESA LR EEYIR . AR TR, IR RS, B TIRAE
R 230 2 il 7 vk 1) 2R 38 S il 7 vA B R NI B, SEILN R TE LR R
IDEES RS liR Rl RS A A

& 3-1 A MR AL N A S
Table 3-1 Detection data in various datasets
BAEE it S IERREUM BRREUNT JeREUT HERER%
i Siib NS 3000 2870 95 35 95.67
TEH R A 1250 1203 34 13 96.24
TuSimple 1250 1201 33 16 96.08

& 3-1 Mk B s 45 KTk, BT a0 & 1R 2518 Sk il 7 72 A g 1
M2 MR T EIEL, JF BRI R, ROV Z R IELAR N %
HAT €& L. (H T 08 23008 K Bl b R IE 248 BB 18 IR LB
IR, UFE EE A B AR SR FT TuSimple df &2 o 2218 4L G AF L I T H0E B
b, RIS & i I AR 2 A I 5 IR AE DR iR A B R SR AT TuSimple 2
5 P 430 AR B 4 oy AR D 2 S R A MR AR N I A 2 e T HE R
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N Tt I T B R Rl A T T R A IR R, X SO BT
2R TE LA M 7 VE AT R L S8 . A F e Teo 55 NPUHR 3T Gabor 3§
P HTER Almotairi 25 A4 ) Hybrid adaptive 5 3:AF Xt ELs2gs, T
Gabor JE I 177 i 1Y o 2R TE LG RHR Hh B) ZETE 2R AE, SRS M) B &L Canny
1 2 e I 3R UL SRR, B A B R AR M br il tHE A 4EIE 4. Hybrid
adaptive 77VE45 & T BUGAEIEH AR FINLAR 5 2] 771, ML REVR RG24
FUG I SRIUZE B 2 i i 5, FIF K TSR BE A = B AL i e e A4 R T 2R . IX
PR 2 A ) 7 2 R A WU R B R 2 B IR O T B AR 2, (RN T i ot
LR LT AE R . AR R — B 2R X U = PR i RSB 2 T VR
HF Gabor JEUK 7L Hybrid adaptive J5 3k IR, A& 51k 50t 7
AEV L AS A FHAR AR TuSimple s 56 F AT AR an il 3-12 & 3-13
B, Guit Bl s sk 3-2 M13% 3-3 Bios.

() 3£ T Gabor JEi (1) J71% (b) Hybrid adaptive /7% (€) RE 7L
P 3-12 AN[R] 2238 ZR A I 77 17 16 22 3008 R “F R 42 T RSl 2 1

Fig.3-12 Detection results of different lane detection method in Xi 'an Jiaotong University dataset
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(a) #£T Gabor JEi (1) 5% (b) Hybrid adaptive J5i% (c) A= ITL
F 3-13 AR ZRIBE 2R A 7V (E TuSimple EUHEEE T ARG 5 SR
Fig.3-13 Detection results of different lane detection methods in TuSimple dataset

R 3-2 AR ZETE LA IN 7 iR AE V8 2 A8 RS A s £ BAsril Kodia

Table 3-2 Detection data of different lane detection methods in Xi 'an Jiaotong University dataset

ZESE LA I T7 3 WM ERREUNT HOREUM IR HEERER%
$£T Gabor JEJ 75126 2000 1807 137 56 90.35
Hybrid adaptive /7 %162 2000 1828 124 48 91.40
KETTIE 2000 1915 63 22 95.75

# 3-3 N[AZETE LA JTVETE TuSimple Hd £ T HIAS I B

Table 3-3 Detection data of different lane detection methods in TuSimple dataset

RSB LA I T 5 SR ERRBUNT  BRREUM IRRE I R %
5T Gabor Ji i [ 5764 1250 1140 79 31 91.20
Hybrid adaptive J772:(62 1250 1147 75 28 91.76
N TRES 1250 1203 32 15 96.24

F ] 3-12 R 3-13 AN A SR vl 2, FEANRI B 4 N A & BT B 1 F) 2R T 28
Kl 5 38 He 3T Gabor JiE 175180 Hybrid adaptive J5 ka8 B 4T, A
FONIAAE M2 B Bk BT HAT RS, IF HAE MR R TG Al A ORI, AR
TSRS R IR 48 2R . B3R 3-2 AR 3-3 IR INBUE wI 1, EAN ) 4L
W 5 R A B I B AR W A 26 v T 2R T Gabor JE UK J7 A AT Hybrid
adaptive 77 VL R HERf %, S T R TE LA I AERS %

3.6 RE/\&s

AT A RAEAT R R S L N B R it R A 2R R, PR
BTN E O EE RN . W F il g -G AEAT e, I
Hough A& 4 kar il 25 B 238 2k 10 S MG v] BEARAE IR B2k o #5655 AR 2238 2R ARFAIE
WBELARKM, kRS BRI B, JERHEE T ah AU M2
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BOMBU5 %4 IR B, AT B2k SN & DR 2k X k. SRR AT - B 4=
BZ R P I Be M 2200, AW R IE 4 e BEGR 2 M4, witigshE
E e 17 _E 3 P B 2k A BRI IR IR TE LR E =, 18 B/ —SRIEXS AN B
IR E LT G . BJa, RN ELHIRE T A TR a e 14
AT L BT S i, ISR A RR W], I AR E S A I U5 R RE S R AN
A A B B3R, A HE 22 AT ZE 3B R R TE 2 B R I R TE 2, SEDLAE 5T
BT ARE LRI HERR A
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£ 4T ETHRERREETNEELREN A

AT ZEIABE R AT IO 0 N 2R A M SR, (A PR B T
JEL MG P RN TE T, 5B T e I Sl R R R . AR ST X R R
15 0 S AT A TR R, R P 2 T L R P T 2 e R B %
AR S, BRI B L AR S, PRI B R HEAT R O R v, G
IR ZEBE 2R BRI
4.1 FEZERIER

TE T8 2 UG RE A  BE BR AR, PEMR A A AR M SRt 5 e 1) % T 2R 40 B
2O E IR TE LR B, DRI T B P (B AU ) 2 T 2 B AT P 00 st
JG, B GRIE S EE LD %R, Bt E g G e . &

2 I R G 3R JE A ORI Canny TR MRS (E B, SRS 18
Hough A% k) 47 1 2230 25 PR L5240 3: S H 230 2 2K 5 PR Hh A7 1) B2k

H T B AR T L K UG HEAT MG R, RIS & RIE s KR
PREEEEEGE R, M Hough 25 #t Al PRI VP2 B 2R, BEE & 4RIk
FOTL LG, 6 o BBl TR B0 A B . DR MR 0 2 1 0 A S0 ) B 2
HATHIR %, A LR 7% 25 SR 0 P 4-1 R o A ST < B 5 <24
WCAEHEAT %, 7T LA SR AN 3 2 5 T8 R O B 2R R, LT Rl R B 2R i 2%
R BRI R

(a) ROI &

(b) Canny 32 Z k63
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(d) B2 AIAEE W £ 3R
4-1 Hough 42 el A2k B £ RACR
Fig.4-1 Hough transform detection and line segment constraint effect

4.2 MR REEDITE

AT JEIRBIRE . JEB AR S 2 MR R, GE 2 R IR )
VR Ja A AE — BRI IE 2 AL 2 . O 1 S OR B R 200 &
BE&GER, R ERNREZED, PR EG TS8R S A7
IREEZS VA, TRt & DR E 2 GOK B2 o Vu Fl A Al B2k, K22 70 (1)
THERAEE I 4-2 P

C TN > < i )

<
<

A 4

(R IRERS LT RAE S

A 4

I RERE S L Y I 7 i 1) DX 45K

A 4

g el A X SR i R %

B 4-2 T RO L2 3 IR AL 1

Fig.4-2 Flowchart of calculating gray difference
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B LK LG P R B LKL 2 7 BRI

1. kIl EH 472K

F TP L ) BT 028, FEE K BEL AR AR
VUK. WA LR B, # B2 A BRI KA B B A S
MEZLD 2] K. BE” REF; T AMEELRNK ELE, KELMA
JELE[4060 Ve [ A Y B4 7 2] “ A iRt ” SRR, 0 F e ) 25 28 2 K il 1) L
2, ¥ LA TE[120 040 T30 B Y BT 0 4 Ry < AEAIAL Y A . R[] A
BRI K 7 E N (4-1)FR.
K if angle e [20°,40°) U (140°,160°]
" if angle € (60°,80°]U[100°140°)
ER if angle e[120°,140°] (4-1)
CHERL if angle e [40°,60°]

K

2. IREUE LY e X AL R

RIE RS BRI, K B SRR X370 ) 18] AN [5] B A 7 1R i AT 3
H H AR B LB F DX A A AR 3R AT

(1) MF “AROF” KA EL, W ELE G R AR, FHRE 5P
15 R ARBRAT L F B RAT AR (X, Ymax) FERC/INT AR (X, Ymin)o 40 28 ELER PR INIF™ J2 #E
B Te, WgIR—F i KA MTAR R AR ) R JE Te MEREEE, JF3k
BB PN K E Te BT 5 2 s A8 AR

(2 *F “REH” RAREL, WHELSATRG RS, FRE 7P
153 AAKR B B K F AAT (Xmax, V)RR N B AR (Xemin, Y) o [EVREARE ] — A7 H e K
A B /NG R AR M ZE A PN J& Te MEREEERS, FHRNE LMY B
Te WINBTH 183 miAAHT o

() MF “LfiRt. ARy BRREINEL, S “RE” RBFEFR
77 R FERBK TN AR (Xmax, V)RR D FIAEAR (Xmin, Y), (HE “ZEBIRE” 280 B 26 1)
by HTEWAT YR Te MERIES, “AHiR” KEELNLA L. A TH
AN R TeAME RIS, UG RI ALY R K Te WRIBTH B MR,

HAY XA G R fUARPR IR V4 41 70(4-2)-(4-3) 7
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_S,: » Ymin =1),(x, min_z"“' + Ymin _Te H S TR _ 1ol ST
_S/: in—LY) min_2’ LR AT _Te’ i SR v [
S = _S":Egi::’; +1: )§))1(())((max + 21yy))1"':(()§(max +Te 1yy)§]} i %‘éij B %E (4-2)

_S,z[(xmin _1! y_l)’(xmin _21y_2)1“.!(xmin _Tely_Te)] 1 K ANl
S YR A e TR e - et

_S,:[(Xmin +1’y_1)’(xmin +2, y_z)""l(xmin +Te’y_Te)] if KR A
S YR ARG TR i e et

S, =[S,52,+,5"1, (k=12,,L) (4-3)

Her, o FRBELHEATBESRER s RS20 8k, s R’
2 R A NIUE — R R R, " RN B R M BOREUE — IR R R AR
S, R HE AT A B R f iy A 20 5 4R, L R L BATE M
K,

3. TSI B Y A S 72 73

TR RUEEL, MHBELS T RKE Te WA &= 85, &
WG R AR AR P R AR, VBT — DU BT {5 3 s AR AR P A AT g
TENEL I X IR BRI E G . N T ERR R ELENKEED, HELZ
A P DX 3 B AR AR AT A 22 I B2 XL

L E” SRR ELON], #ES TR A AT R T AR B2 K =
R, HES R AW (4-4)-(4-6) TR .

g(x,y) =Gray(x,y) (4-4)
= g(S()
_ g([srl’ 812 . Slr)k])
~>a(s)
= Z g([(xmm -1, y)’ (Xmin - 2! y)! o '1(Xmin _Te’ y)]k)
= X{Zg(xmm —-d, y)} (4-5)
Similarly:
GI”: Z|:ZG: g(xmax + d’ y):|
D =|G'-G (4-6)
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Horr, g(x, YRGS, YRR, G M G" ks B bl
PRI BT AR 2 SR AR, DN B & X IR A IR 2% .

4.3 MM ARSRAE
4.3.1 ® M BT A2 R

FERBL KRGS, R E R ELRKEZESWE AN B KE S
BIH TeVENKIEZ LR FAT, WAL IR PTE BT KIEZE 4R, 1
FEAEAN AT ZEIR BT ZETE 2 IR P R K BEAR IR FERE BEAN IR, 3 e il HS 1) B A
BN IKEZE 5y ANHHIE] DS B 1) B4 K 22 73 BE AN AH R . O 1 H i N ik
WEZKEZE 77 BIE, ASCM SRR FE T SEIl Hod BRI B . B LR
BRFEZWT:

1. K-Means K5 %

K #EERE (K-Means) ZREIER 2 K ANk, MR EA ML
FFAE. K-Means 582 B0 A2 75 4 4 b A x4 £ B 15 7 22 TA) Xl B A5 B
I BT BT BRI A IR, JF HAaz Sk R AR B L WSl B R . E
R T E TGS RN, X R RO R

K B SRR R R v] DA SR Dy 5 e e ig i 80y K, BEFLA
B IE I K MREARMENPIIEFER G, B THERIRFEAR SRR O )
BRECEE RS, tnX@-7) s, Wfe e 7 i 2 R B9 s i b o SRS SE T
BAMER G, B INE N E RN AR AE, X @-8) iR, HE
PAT P ECANEE IR, EETA R OIS, TR K MERIRI )

distance(x,c ) = \/Z;(xj )’ -

1
G = @ ZxEsi X (4-8)

Hrf, xONFEAR, A% i MRS, n ONIFEBCR, SN | AR
AHEARES .

2. 3195 () DBSCAN A%

DBSCAN & —Fi & T B R R, XL RIUT B RIE, X
e 7 K B BT G Rk . DBSCAN SRR SR AR TR 1T AR,
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REBE IR AR AR A%, P LA B3 23 A0 B S e AN B (RS T
BRI KRB, LB LU E B iE S HL

DBSCAN Fy i A5 ) A Z 458 0. 15 Jeilid e 12 e MR/IMEA s
. MinPts AR ICAZ O AL T i ARG BENLIEBE— D R VT I AIREA 1 x fE N
AUR R, TFEAEAR R X 1R & SRIAIIFEALLN, ()], EFEAZLN, (X)] =MinPts,
TPHEREA 55 X ARiC A% O s BREAR AL X CEAZ O s 1K & S0 P (B3 P A A 2K
/NTF MinPts, TIPRE x BRI it fe Bea WARBEVT Il R s R0, 38 IH R
FERR, 4 FTE U 1A R AR RN oy BAE R R, R AR s R 23 T BT AT R 1
TR B i A M 7 25

3. RIR R F I

JE YRS S — P i i3 VA A IR AR BUAE H k A 2 IR A R IR SR R
JERERMR RUEH T2 A S 8, RIS R TSe g E R 4. H
RS R FAI R R R R, RO R AR S

JE R R R R RE W] DL SRRy S vh SRR AR 2 (B 1R B T B S
FRE, b di RORFEA | SRR j ZRIEERE . BFEAYIR N — DM YIETE,
e ST AE TR SR o TE B — YR AR 4R 21 P B 46 B el R MR (BROREAS),
W AN T (IR SR BENE IR — g, &IFE
BE BT R P DR OB R S AR M M EE B . AT E X AN R, BB A
T AR AT DA R e B TR E IR GG M o B I R B R O R R x4
SRR, HF d(CiUC,C)RREIHEHE CUC HHAMME Cu Z MR,
A LU A R (4-9) 7R

d(C,UC;,C,) =linkage( d(C,UC,), d(C,.,C,)) (4-9)

Hrf, linkage FoREERTE, BlA0REEB(Min BREL). SEABERE(max M%)
o EAMERERE - BEPATEHBRA T BRI, did RN _Eoe BE
BICA TR SR R B A (1 2R

M RR G BA AR FARFIE,  RORE B 0 23 A R re U & 3 1 S 2R 5
Ve 0BT R IN ELe 1 K FE E Ay EAT R R R T E E A E SR AN, T
DBSCAN REH %L RAT REW R IAE BT RE ML A, BRI ASC i DBSCAN
TREIBRIL Nt FITA A I B 28 P P 22 0 3 A T 3R 2K
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ML T R B2 s A DBSCAN BRR G BLBEAT 70, FE 4B 20K
BHRELAGRMEELN —MEFEL HirE xR, A MWEERER, W
M0 DX 35 1) B AR AR AR Z2 0K, TR AR 20 % BRI I AR E 22 7 B LE
B, IKIZ 2 A B AU m0EH Ron P05 Rl B . £
DBSCAN SLik#t T RISm, RECEE MR OO E, RBUKEE 2 70 H i =i
Ji L 5 A SRR A Ly TF SIS B O (P EE IR 12T BB A O B IR
ZBME T, EHBIE Te MAIPTHE NN B AT —IRIHE, R KEZE
DEAEBR B L. N T EAER A I B2 AT K ZE A R, R A 2
S5 VB e A7 WM B ke I B 2 A P32 22 73 B 73wl #E4T DBSCAN %26, Hit R E L
IR Z2 5y BUEL BLEGHEAT ik, K22 00 LIRS R U 4-3 Ffos

® EHR -

L I o mHO

o EXH 0

1 2 3 4 5 ] 1 2
#e i

(a) 2= %d DBSCAN &2 (b) £ %k DBSCAN %2

(c) KEZ 2R
Kl 4-3 DBSCAN 2K 5K E #2704 R
Fig.4-3 DBSCAN clustering and gray difference constraint
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HHT Hough A e Xt 4030 2810 2% PG BEATAG I, Fofsnill i) BL 2R FE A - R AE
FELRRE L, MEXFERETFELRGTRRE 2R EXIENL, W
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IR BRI ) ELERREAT 220 P8, A NG 45 LS ARl 2k X dsk
N T AR A ) B2k R R B w AR R 2R X b, AR Z K R R

Xt bb L2k P B fee X 3 R B A A A, R HCEL R P 9™ e DX 3 8 A A v
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KM, A ELLR 2P 32 KB AR LR S . HOSE B2 A 0E
DGR B SAFEIL AW SA%, Hough Ao fE P 5510 % B3R H B4R,
P A] — 2 HSE R TE L e A kTG BTl M BRI TR )5, Sk LR
B R F RSB X b B E R R SR B X B E S B
FAARIRRAE, A B2 R AR UE & R AR EL 2R, & R AR B B 2R A A B

K 4-4 B
(o)
|

MU 2% A 2

SRR A B K HL
WEBET=0.7515 2 &i=1

@ N TR EL AR A Te=K / H
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FREUH 2% ELARTESRi1T Y
HIAEBRMI(X1,Y)~ Ni(X2,y)
I N
T R (R] )
T 1) 25 28 D=[x4-Xo| THEL Y B AR SR ) 22
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Fig.4-4 Flowchart of similar line merge
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IR IE L 1) R AR D BN

1 MM ELAE AR NIEE, BEYLERUN 2% BHAAS BT AW,
B/NEZK B AR, WEAMABERE Ts = 0.7, BRDNELKEX0.7 1/E
F W7 o B[R] — AT BAR R R I I KR

2. XTI BRI P AR ERBL, BRI BE AL B/ B2 PV T Py AL, P
Mgk B A 1T ERGR R AR R SN T D HSRFIELR T AW AMER
TR RN F AN HSE B, WYOPIMEER SR L, SN
MERBAEE, BEEEALR.

3. BRI A5 5 THE BRI I AR 3 0 By i s A B b A,
A A AR B Ts, WK PSR ELZR Iy —H . 3 EUAE /N T AL BIfE Tos
TR FI W7 P 2 ELZR 2 T AR AN e R A AR AL, dn SR AR Al e B A AR AL
WA MR PSR EZ I A — 2, 5N k2L H B R FL 4.

4. T EE M ERR, T RRRLT P BRI R AR T E,
TEEF N ELAES IR ELE S .

(b) &I BAMIE B 2
K 4-5 BT 5 &I RIRCR

Fig.4-5 Linear translation and merging effect
4.3.3 # ML ES BRI

EIELREG T B R B LR RA — B KEMANESLR R EL, AT
ST Bk T N & BLSR AR T 2R X 3, T B E K B R 2 ROI MG =
FI[H X 1/5, HX 451K, T BRI K5 IR & 4-6 s
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Kl 4-6 HAEKRR
Fig.4-6 Line extension effect
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I REEEE A T B R RO PRIUG R R KA
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Fig.4-7 Calibration process and effect of extension cords
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Fig.4-8 Lane detection results
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1. TP B . MR YIRS HE RS 25 M AN d AN R, 0 ¢ I ZI AR,
K(@-10)fror e THE 7 ZE 6 R an 2 (4-11) Frs .
X, =AX_,+Bu,, (4-10)

R=AR,A +Q (4-11)

Hrr, XeRom t IS ZIHPRES, A RSB ARE, B xS H 4R,
Uy Fo I HH AN E MEERBE LR 22, PR TR ZE W 7 22560, Q i

SR P P T ZE AR

2. KRIEB IR, THEUETN 2168 Kalman 3825, W=(4-12)Fx, FH Kalman
SRR R) Xe FATREIE, X (@-13) . BJax TRz 7 25 Py AT
N2 R A (4-14) PR

Ki=RH"(HRH" +R)™ (4-12)
X, =X, + K, (Z, —HX,) (4-13)
R=(-KH)R (4-14)

Horb, KeFRon t ZI0 Kalman #8325, H RRMMAERE, R 7 b
JTZERERE, Zo RN MR T R, | RN BRALAERE
4.4.2 BT Kalman jE8 B B 4 IR EF

X ZE A AT G o R ) S R PR B B I R A A R L R TG LR R, I U
AT, MGl T LTI . T R SR D A T AR A A
R FH I i ot MG AR AE AR A /s HLEE B A ORI, A Kalman JE3% 5 X
— T FF4) 25 B A WU S AT BRI o xoF B 2 i T Y 2 T R N A S b —
Kalman JE35 TR I 2508, 45 P08 Z IR ZEBEA0/N,  JUIER B 24 BT i 1) 2 18 2 A
DA s AW 2 IR 2R, JUIR) A b — T 25 3 2 1% T 225 SR 5 4 >4 i o 11
R 255, DAL ORUE ZE T8 2R R HERRAS I, 42 = 25 18 2R B AR (ARG DI B 22

i Hough A8t Il i) B 2 e i A 2 FHABER i i€ , - Kalman i8I I8
HAGR AR AR RO B, B AT SEEN ZETE AR M 2R AT ER R . FE T Kalman
PRI AR T8 L AT BRI B D IRON
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1. W16k Kalman JEBE & FPIRAS F & Xe AP TT ZHE P IR B SR/
kMRS b

X, =[k.b] (4-15)

2. T — B 20 FROAR A5 0 22 4
Xia = AXa (4-16)
Pis=APRLA" +Q (4-17)

Hrr, ARSI R, QuRoR il R At Iy 24 R
3. A5 I i R BEROIRAS il T AT B T ZE R R
(1) TH5& Kalman 425 :

K, =Py H (HP_ H +R)™ (4-18)
Hrp, Kedfor Kalman 358, He R MERRE, Rl 2w A= v 7 2580
(2) BEHIRES:

Xt = Xt|t—1 + Kt (Zt - Htxt|t—l) (4-19)
Hr, zZeRoRMEHE.
(3) SEF T ZEHE R
R=0-KH)R (4-20)

Horb, 1 FROR SR
45 KWERE S

T A B P4 A T R B K R 2 4 ) R A AR Ty, i P
M R A B T A R BRI A R AR R TE R R, I FLR AR 4R 2k R
BRI PR BT 28 B N TE AT G IE R . I BIALE B . e =2k

TR 3 () = B I PR R IR AR 2 AR, AR TR 0 R
LA 7 AT BN I G I B, 1205 RO AE S ) B I PR B ke U
ROR 4N B 4-10 P Ak A a0 4-1 s .
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Fig.4-10 Detection effect in different dim environments
M 4-10 FIAINRC R TR, 2R BOK L 22 70 I 408 2Rl Uy v RE % el
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Table 4-1 Detection data in different dim environments

B A SR A At IERRE BERREUN R R %

TEMAT G IEHR 1500 1457 40 13 97.13
J A5 B 1500 1437 45 18 95.80
HeLk+ s 1500 1411 66 23 94.07

H3R 4-1 MR I 25 R vl i, Rl RGN B G IR B ZE i, FEiE 2R K
B ZETE S A5 SRS L, T U T BUR B 22 73 1) 2 38 A A TN J7 V5 (R HE RS 22
BEAG. HLAATE PG IAEE N R T8 LA U v R 2 G, (AR B BT th I AR 4%
R T7 RS IR RE RN B MG IR B N B R AR, BAT 00 1) 4 T8 B dan U HE A 22,
SIS 2 2 ) HE R AT I AT B 1

TR P T 2 B B 22 4 1) 2R 2 W D BRI 1 e, R S
FITH 1K) 2R TE A 75 VAT L St . A F Malmir 25 N 1OOH L f XU B
Rl 50 Sultana 25 A7 H )36 T XA €% AT SAGC  (Slope and Angle based
Geometric Constraints) {77724 XS USSR, XU BORr i 7 v B 88 — B BOR A
FHEE AT A I B, S0 B8 S5 At 9 2 3 22 PRI m 7 0 R A {0 e o 1 s
2, BB RSO B, 2 B R T AR TR PR N AR Y e .
TROLBEP AN SAGC 5 1238 1 XL JEW: s/ Mg 7 I DR B ARIB 2k %, ARm
i FH Canny &.-1farill] 4238 42 i Ze MR 2R 8 542 (Probabilistic Hough Transform,
PHT) $REVZEELAMLL, BERIH SAGC HiAR Lk PHT &l il T4 Bk, &
PEMERR M ZETE 2 o IX RN 7 iR Re i A I HH R TE 20 8 B I 385 1 ) 4R 2 91
AR R, fetg T 53 T EBURK B 2 73 1) 238 Soar il 7 VAR 47 X B
SCIG . AN B H U 2 AT R A B A P R BRI PR I T A R, W LA
JITH H ) 238 2l 77 v 5 X Beksr il J7 VR RS T- XA JE A SAGC T ik
MR, AR F 75000 He 7 AEAH [F) B M IR B T A AR an il 4-11 o, 4t
TR A N 3R 4-2 R .
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Figure 4-11 Detection effect of different lane detection methods in the same dim environment

R A4-2 AR ZETE LA DN 7 AR AR R SIS PR T R Aer il oo

Table 4-2 Detection data of different lane detection methods in the same dim environment

ZETELRAGIN Ty 8 SMUELMT IERREUMT O BRREUMT JREEUMT R %
XL B 77 1661 1500 1342 113 45 89.47
FF XU e AN

SAGC J5 1167 1500 1330 119 51 88.67
AT 1500 1436 46 18 95.73

FH & 4-11 BRI R P, A AH R B IS AR R 5 T 2R BOK FE 22 70 I R T 45
R 732 B AT WU RS RN T XU Bk WU 077 vk 5 2 T UL R A SAGC 5 i A
MR, S SRS R R UG P AAE R, 17N Rl S5 TG

SR, XU BRI T S T IR A SAGC T VA H R AR TE 2 25 B
TSR, TCIEHERAAR IR GETE 4, H R AR B 7 VA Hh 1 22 T 2 A7) IR R s HE 1
Hi7E 75 L SCETE 2 X . DR bad i x) e SEEG AR I B 0 T B IR R AR AE TS
BB LR, AT FTHE S 0 5T 26 BUK 5 22 90 1) ZE 18 2R I 7 vk LA o o
ISR . AR 4-2 R INEIRE v 0, FEAH [F) BRI PG T A% 3 07 25 ) B A Ao il
{RETF 28 1y T XU B Wl 7 ¥ 45 B T XU B A SAGC i, Re s BE I kil i &%
PR B BLEE T I AIE LR, B T BRI T A R 2R A M A R
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J8E 223 I ZESE R A 7 2 HEAT SC R 0T, SR S5 R, % T A
VB LR R U ZE I 46 P TSR BB AG I T 2k, 5 S S PR R R BLR
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BBy RN I DB LR BB . AR IR TE L 1 R DA K R T8 ol 505 11 %
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Fig.5-1 Lane detection system framework
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2SR MR, R SRR FIE 2 B R AL B RCR

2. WP IE 2SI A BE D IR X 3

Z XA 25 H R E A T TR A R D IR, o “ AR Lk B R TiAk
B, TSR DR TE LA 77 T 2R BOK 2 o3 B A TE 2 A T Ty
27 4L 3 A FER L S 15 A BARACEUD B ARAE AT R KR, E
A B — BARKE B D BRA I ROR -

3. AL AL D R AAS I IR [X 42k

ZIXIRBCE 2 A3 A A L 2 N SRR o — UP R
W, SLPO R EAE RN D R MERR R, R mdr ARG IE %4l
A5 AR N2 BR PR ASL I A5 R P AT LA s A8 AR G A Tl A 0 R 7 (K2 1

4. FTIF R 2 PR AR [X 3k

ZXIREE 1A SRR AR R SCAKERN 3/ M%4l. 3 /ML “HTIF ST,
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Fig.5-2 Lane detection system interface
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5.3 ThREMx

A ) T8 K T R R T e 2 MR SR R R S ThRE, N T IR
W RGRETE IE R AR, FRITIF OO AT 3 I Lk G SO, MR A
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Fig.5-3 Control click function test
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BRI RGRIN B L B SRIE, ZREESRICUHRE T
FEEL R, BEERNNEELEGREE “BRFELRGXE” EHE
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Fig.5-4 Image display function test
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Fig.5-5 The detection effect of Xi 'an Jiaotong University dataset

(b) EFHEAEE T4 L R
K 5-6 T g A SRR TN BRI ROR
Fig.5-6 The detection effect of Jiging expressway dataset

N T B DN B AR ST 5 L ) 7 R 2 T A I 7 3k B v B R AT SIS A
MNP 22 523 R A B SR AN G 75 vl 2 B B A P s B — 2 B ) AR 2k R A
G 5 ETE LA I T R AT R o 20 BAar i 10 S 4 e e A P Rt P4
PRI ARARIL,  FooE SO 2 38 24 AR an N\ SIASI 52 R AN o e Pl 7 2211
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R 5-1 B Ja BB Ay % A K dfs

Table 5-1 Detection data of the integrated lane line detection method

PG /TES SR ERREUMT BRREUMT JREEUMT HERRR%
PU 22 A2 10 KA H R AR 5200 5014 134 52 96.42
GF i g A A 1800 1750 39 11 97.22

R 5-2 Huit R PR AR

Table 5-2 Average time consumed for a single image frame

— ETRAE O TR
B2 Ak TN - DN
A B s AR s B2 R 7 ms
17.83 41.75 47.36

& 5-1 51, BEG 5 AEIE LA 715 REE MO A [F) 3504 55 T AN [R] 2R 3L (1)
FELEG, It HERSISR R NERZE . B3R 5-2 aJH, fEEELDLL
HED P R4 2R R TR Dy 17.83 =D, SEEL T PSR BN 420
VB I EIE A B o I XN 2530 2R MG B AR IR FE A REAT 2T, X T
FEIREE R ) 25 T8 2R VAR Ak FF 5 10 3 i 11 F) 2R3 R AR D AT R U, T S
PRI (10 25 18 2 R FH R T R B K 5 22 4 1 2008 2 W 7 Yo 3 A7 AR
B PR AT T (AR 00 e 5 B Ry, DR 3 T R B K 22 A T T A I 7 VA D
it G 1P AT RE R e T T B0 11 I 0 A I 7 VR I S S RE I, (R 4
T B 5 AT IR R 08 T 2 410 B o il F) SE I 1 25K

N7 IR G S R S I T VAR DU 1 e, e FH A R BBE AR TR AN
[F RO ) ZETE 2 B, WG Ja B TE Akl 7 VA AT X LSk 5, Gt B e 4=
X 2R 7 425 P St UG 285 5, 5 25308 R A I 77 92 E S [ 500 S RO
i 3 A Bt SR P S R IR 5 0 3R 5-3 F13E 5-4 BT

& 5-3 15 P % AT KR AR T AR 0F LS00 I Ko

Table 5-3 Comparative experimental detection data in Xi 'an Jiaotong University dataset

TG AT T 1% pSUEAULU SF-HIFER /ms AL 1%
BT Gabor JE ¥ 77 k16U 3000 121.45 89.89
Hybrid adaptive 77762 3000 93.76 90.13
R B I 7 v2:66) 3000 114.85 88.46
T XL BE AN SAGC 7y 3000 103.62 88.34
NSRS 3000 61.24 96.86
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R 5-4 TEGT T s 2 BRI AR T R b S0 A ) 4
Table 5-4 Comparative experimental detection data under Jiging expressway dataset

TETE LA M F7 5 Syl SEEIFER Ims HERA 2%
T Gabor JEI ) 77 k16U 1400 118.82 90.45
Hybrid adaptive 75762 1400 91.63 91.37
WU BASH I 7 A6 1400 110.75 89.34
BT XU JER I SAGC 567 1400 98.47 88.96
¥ N IRES 1400 60.36 97.48

i3 5-3 FIZ 5-4 Af A1, 7EVH A8 I8 KA i A B AR N A R 4
T8 Ao I 7 v AR U A B 2 23 7 RIS 31 96.869%0 11 97.48%,  BEAARK I HE R 2 1=y
T ZEE AR 7 A I AE R 2, IF H S 4238 28 BE 1 T B RE RS A —
SE HIFETT, PRI AS ST H 1) 408 e Aar I 7 V2 AT S0 RO AE B PR R SIS 12
5.5 ANEE/\&h

AT FERIT SR EELAN RS, w50 DA SR 1 W R 22 18 2240
M7 oNFERE, Wit — BB LR RS R G S B ThRE, DUE
TR A6 A SO 0 AR M I A5 B IR . AR B A
FIT 4 IR b 2 2R R vk, IR IS 2R 18 R AR AR R R 42 R 1
BRI GEL R AR T T 0 250 A BT AT S LS 0T,
LB TR, AT TR 1 200 LR 7 B AT R0 e A R
Mo X TAATETE G DU Bl 2R MR, AR SCRTBR 1) 25 8 R A 5 125 R 0% v 1
SJCERT RGN0 H 3 2 G Y AR 2R
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