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Lane Detecting and Tracking Algorithm with
Noise Analysis of Kalman Filter
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Abstract; Research of using Kalman filter to do specific information track in video image sequences is a hot topic in the tracking direction

(School of Material Science and Mechanical Engineering, Beijing Technology and Business University, Beijing

currently. But most researches processed the noise of Kalman filter by assigning a specific value in the initial step. By constantly tuning the
parameters the algorithm can achieve better tracking results. However, working in this way not only did not follow the rules of the original
data, but also adjusting parameters is a time-consuming job. For this reason, the paper proposes a Kalman filter process noise and measure-
ment noise assignment algorithm which is used in lane detection. By processing part of the offline data, the algorithm can estimate the basic

parameters of the noise. Use lane tracking to validate the algorithm in this article and experiments show that the proposed methods achieve

good detection results while the time of processing each frame is about 50 ms which meet the real-time requirements.

Keywords: Kalman filter; noise analysis; lane detection; B spline curve; control points

0 355§

LI PR 5 90 e LR B o BRI 2 28 0 W 4 1 T
S Al O S A B BE R . AR U B DA % A R
A 1 S 3 3 A S AR B 0 P AR B TR 2
Bk, R 2 A AR 2 B 5 0 R A AT A R R
BRI 43 X R AR i AT L L R 0 A B
VAT W 25 L B R AR BRI BB — AR, SRR
ot AT 1 % S O AT VR L LAk BT I IR B R . RRIUK 2%
BLLIIE S (T K 0 T 2 1 5 4 A T 4 )1 o
AR T T T4 A IV B R AT A . o
FRERE A 10 T A LI S0 (TR R0 1 R (R S T R
GEih ) e AR B T R AR 2 kA AR e S R (0 ) R, {H R
AR I+ BEAT 52 B 59 4 BT 7 Rk 160 5014 2 T T i 3o 43 7 5]
g, SCEEHR G A AR U D R B o R R P AT 10 7
LRI BR B . RN TG O BB AR A B R B B

K EHEI:2015-11-12; fEEAH:2015-12-07,

ELTE 30 as i i B AL RHE T H (2012—364—835—110) 5t
LR R 2015 4R se AR RHF AR 42 713 R H .

BN W A975), B, ML), B2, B2k, &
BN L e B R BFAE

1 FEZWMNEENA

i X SR AR A BSR4 R A AR B g RS . E
DU R A3 SR DX Ja 7 A B B DX A T Hough 7% e d:
WE ELS . ma AR CHEVP Rk B 24 F il 2k
e A T B R 2 0 D R X A o AT R Y R
HERLA MRS E M . B B B RIS R i .
L1 E&mALE

X 2R 5 B 4 R AT W E S AT IR BE AL AL ER L SR AR/ 3 X
3 YRR IR BE AL JE Y TR AR R AT 0L 18] Uk I 25 B TR AR Y A 4 R
P X IEBOE B BT B AR AR R, T
BB 22l “ B mERar . BT UG (A i R AT
B EBR BT T . SRS canny BRI AR D
BT, BRI R I ST RT DAAR SRR 3R IR) A 2 R L 4% R
WA MGR R, FRIHF B REES— K. OpenCV
cvFindContours O bR EORF X 46 3 G 5 5 L3 R fE B . 58 U5
ZIE L.
1.2 FkEHR

W BIAL IR 2 J5 B S ER o 4 ARy CUnEl L Bias)
M EBITRR A S H 10 2, 3, 4. T 1 KBWELARA
Sik . B R 2, 3. 4 =AML . E AR A DX R
RGP &R . BT A . TR ESAT



WA S HERRE IR AR A T Y 4 S I BR B 0 0k .+ 217 -

TE— & W FEBE . PRI b 7 40 J 788 I 2 46 A ) 2 3 4 1 7E [7] — oKk
Fin ESAEMEEL, ITZEEENIME, FELEMY L
YRS DU B BB R IZ L E I E X A,
LSS 4 KON B, aniEl 2 B, FE 905007 3 o 4k 30 22 4 P A
IR R L (BRI NS, BITER S &
He W 2% 3B 4R 1 K i i O IO o S control [0 3 452 71
RKESHEBIMELS 4 K EARLF -, KN con-
trol [1], A 747 Wi B 4R i oK o ) 3 o o #0065 25 18 46 1 5 —
AEEH S, 49 A leftControl [0 #0 rightControl [0], 47
FWABES 4 KB L A S Z B EN d . WIF M2
LAUA TR 155 45 a5 A R Ak AR 43 51 Dl Leftcontrol [1]
.x=Control [1] .x— d /2 ; rightcontrol [1]
(1] . x+d/2; PAabrd 4 KB B R E. XA 515 2
TEAWMEEL PR A RJETE 3 Xk B ER
FE B TR 3 A S . WEEE N, MRS -S4
X3 b A TR) B R I 2 2 A BN Y R A e, MR 3 Xk s
leftControl [0] Fil rightControl [0] % M8 | &K f# leftcontrol
[1] #iI rightcontrol [1] MyJr kK. LG 44 Wi 438 4k 1
e — A IR 4 I SR 3 X s — — 2 X
TH B PP e B, H 9 2 B AT DAk G 45 ) s BEE Y 8t U, ()
At R AT K U A RO B e dy . A AR R s IR e R
Ja s RA B MR 5 5% 22 A7 AN ) B AT LA . AR
RIKE 3,

. x = Control

L G BRI 4 A X

.'_’.“7!%5%)&‘.4
L1t
K RS
SRS
LA
R4 ok
& /s i ‘- \
L, ; B
1 v, i\ LigPEHR I 5
P A T
3 / ‘-'.l‘om.ml[l] \ ey
/bnammuu ..'“E*“C"‘“"’””\ Lo 5
4 !control [0]

leftControl [0] LP)J-i rightControl [0]

P 2 ] o B B

B3 s e IR T

2 FREBIEHKRER
IR SRR — Fh X 20 2 R GER IR 750 AT ek de /N Dy

AT A RS R A O Rk R — AR
ST, B R — A SR SR N — A PR, A A A g
7 LSR5 51 A S0 S 4 AR ) A A AT B e TR
2.1 FRERHEFEENA

IR IEPAG RN RAERBITEERE LA,
RS2 18] B BEE R B D7 ik AT B R S . R — A n 4ERY
MERRARGRE, REEDREES BN A, EEHR W
IR

R S O R R R A MBS EE A, TR E . A
B, HATFENREM LA TWENREHREW
B, T RESCI AT I BR R SO » IR SR A AT T it Bk R &5
WIGRR S IEER WA, DU K 3 e i W1 S R0CR . B0 0 R A IR
W ZE. RAX (D X (2 BRAFEHHN .

X; = Fxgo1, + Bug—r, + w, (O
P, =FP,, F"+Qu. (2)

Mo, Xo FoR ko0 20 R Gl o X b — 1 0 20 R 2 o A
P S fliit. FR2RASHBEM, KRR T n—1 5
ZIMRE SR » B2 0RE . B 2 AR, KRS
R T n B2 IR S anfl S B Z0RES . vy AP
P . w RN . Qoo i BRI A U 4

EHEH B, B ) HEHFEREHMEMER
AL, MENEZERITGEL (DO fl & iFEER
BT

Kk :PZIHZ(HkPZI Z“‘Rk)ﬂ 3
x, = a, + K (Zy — Hyxy) €Y
P, =U—-KH,)P, (5)

Horps He W R, lEE 00T R, HA—E
JETT M o Z B (R R, S I M RS Y B T 25 R R
2.2 HEEE
WSCR I JE B B A R OR S B A . R G BN T i 1
S B ST N AL ) 0 Al B 0 R I R R M AR L
DU 3o A RT DA 3R S T A
x, = Ax, + Bup, + w (6)
Horrs AR AR A K b AT 20 bR A 2R Y e S 2 2 Hi
KB ZPRA . 4R B AR AT A o B3 55, I 30h ik
Al A, B B MY 0. we Ayl PR W
[ B, 58 SO £ 5 FE
zx = Hx, + v, 7
Horfrs S H 2R R & x, XF AR i 2, 936 45, 7E
WSO BALHR B o vy S LI M
2.3 BRESW
XTI S R GRS ) B 2R K I 8 A
FIRE AR AR, S —A 8 X1 Ay ml . A XA A AR AT B2 A
SR ST ARG 3 1 R AR B A K B A N X AR AL . BT RLAL
A R U (AR 2 [ A2 01 o R 2R A 0 OB S SR ok R R R R N R S
R WA 7 B AR PR A B S B
. SRS NRBEETSHE 0k [12] Pk, BRI
WS R ZiRE SRR . B e, nt 1, b2, WX
NETIX Z W EGAT B — D R AR Y on an 1, ant
2, XREMTARARLESS -1 8 B P A SE0h
2 = (X — 2, /AT (8)
X AT ACRAR AR W i AR 04 I (8] ) B, K 5 Al 158 nt-2



. 218 AP a5 P

5% 24 &

I 5 1 2 4L
Zotz = 241 + 2,0 AT [€D)
DU A3k 1 0 L S A 22 ) 1 15 2% B Sy
OrrOr = iz — Lo (10)

SRR AN 4 €771 B4 €1 o VN 1 s o 1 N T N
[ i F] matlab 9 cftool I H X i3k 86 5% 25 R0 47 & i o A 10L&
BRI HZHEME 1 PR,
E IR Uy T €S

55 n 4R AT ME | e A R 2
1 —0.4773 2.16
2 —0. 06095 1.411
3 —0. 4446 0. 8446
4 0. 3185 1.301
5 0.05245 1. 895
6 0.1835 1. 335
7 —0.01709 1.063
8 0. 3185 1. 301
400 400
200 I 200 |
0 0
-40 20 0 20 40 —40 —20 0 20
400 400
200 | 200 I
0 0
-20 0 20 40 40 20 0 20 40
400 400
200 I] 200 "
0 0
-40  -20 0 20 40 -40 20 0 20 40
400 400
200 200 Il
%% 1o 0 10 20 0—40 -20 0 20 40
P A4 g AR M e S A [
1000 1000
500 | 500 L
0 0
-400 -200 0 200 -300 -200 -100 0 100
1000 1000
500 | 500 L
0 0
-150  -100  -50 0 50 -200 -100 0 100
1000 1000
500 500 |
0
-100 0 100 200 300 -100 0 100 200 300
1000 1000
500 500 |[
0 0
=50 0 50 100 150 -200 -100 0 100

PR 5 U R A 1

HIZ LAl i5 o Al A S (B S AR AE O BFIi A o 22 BE AR

TE 1.5 A WIE . O 7 Sk S P i 2R, XX /\ 21 M A fo

SE R A3 A A B, RV A A B B S 0. BRAEZE N 1.5, X T
MR, KA (D M—TA’, |
v, = 2, — Hxy (1)
H 00 2 5 — R TN RD A5 3 T LN M S, A&l 5
JiR . AT LA B0 R AR N BLAE O (B R B Sl .
IH Sy Y0 3 W P GRS O 49 4 ) o s 1 28 50/ 1) v 5T 40 A
2.4 EHEBEEK
H TR 2R U U RS T T — A A DU AR A L PR R —
RIGUEM 5B HHSEZW T T —Wing g5 8. B RLTE 6 A & 6 0
BB AT IR, D0 0 A LR R i 2R b —
PR TR R E 2. 2 49 AR B0 G 0 R A (B TE — eV N
OB 3CHZIE I 20 R 2D WAl AT A (A8 B i+ 3. dn 2R
e L 2 Y 3 L DU ol FED 000 A TR R AR, K R sl A T
P AN A 3 o 1 BRI 2 I
3 ZWERSW
SHR S HH . BT AEAE AR TR LA R R A B HEAT T
o FRERME 6 iR, [FE5UEH CHEVP Rk aCR
AN : B e ity

e

(d) BAr TR GesCHE
|5 6 ST g R



%5 W Wk . G

I A B A MRS 0 A I A T R G I B B B 0

- 219 -

BEATXTEE . B —R ] CHEVD Bk, TEAG I 09 i 72 24 v 40 i
PR RYEAT ST 0. FELRB & E A 6 (o
SR B TR, 38 SO R T R IR A U A X 4 ) A AL A AT R
B BRI LU . 2HE B A A B D AR VR S AT 4 R 1
BstiR s, BOH AT A T R E R R, R R =
BR B R AT TN AT AR AT LAAS B 45 38 e i E A AL R . GRAIE T ARSI A
e
4 #Hig

SCEEAR RS S R R 2 U D A A A IR T B &
AR IR 2 R I B A 45 Y R TE A T B s s AR DA B B
LB TR T RR SR, WARE BRI TH
LR T B AR A0 LA KR J7 4 0 8 B 0 B AR TESERT DT
T 3 b B ) 5 TG /N g 480 X320 R RN, FE AP AL B Y
MR 20 W, R T SRR ESR . X T ER MR, F0
BT T R IR B BB R A 3 BRI g T R O A 2
B [FIRER B A 5 R SR BAS &, BTF T FIEL A
N0 PR A 1

2% k-

()% o, Hathk, B B, % ETVRRRSIBKHMFEER
KA ) b7 - ¥, 2015, 03. 567 -574.

(2] 5 . ZETHEWE N 48 MW HE AR5 it (D] 5. B

FRHEE KA, 2011

(3] T . — T3k 00 pth £ 455 10 B0y 7 5 2 B0 o A 00 0 1 8 3 5 s i
[D]. K& HphR2E, 2014

[4] Yue Wang, Eam Khwang Teoh, Dinggang Shen. Lane detection
and tracking using B-Snake [J]. Image and Vision Computing,
2003, 224.

(5] #1&8, B, 7R G U8 I 4 A B (09l 57 B LT 42 3 4R 1 B B
[J]. ML L5 A3k, 2008 (3): 52-53.

(6] Mk, BT B M F B LB 530 (D], M/RE: BIR
Dok K%, 2007,

[7] PhmeZE, 2= A5 JTF Facet BRI —Fh EIH LRI i (AL W
ERE A E Y. B/E T EFRGEE S CE [CL PEE
fEsclPr4s, 2013,

(8] ¥ 4. —Fhgitilk Hough 540 iy R RN S5 (0], THENL 54K
FLFE, 2014, 11. 2164 —2167.

Lol Ak . X7, X AN —Fh TR R 8 08 i KOk F U8 19 B A
Mgk U] W58/, 2011 (3): 384 -389.

(100 £ H. BEFR/R 2NN 2 K OCHK M H AR ) EE# 58 [D].
MR BRBIT R, 2013

(1] Fzulh, B, X F 4B L EG R H0E R ety 5 [T,
PFEHTEL. 2015 (4): 144 —148.

[12] xIE . HETFEGHEEREN SRR B (D). Kid. ¥
MR, 2014,

29,299,299,293,999,999.299,999,999.299,993,999,299,293,999,999, 299,993,999, 299,093,939,999,299,999,999. 299,993,999, 209, 993,999,999. 999,999,999, 299, 993,999.299. 993,999,999, 299,293,999, 299, 933,999,999, 299.997

(E#5 215 1O

SRR BN S BN E G . N TR IR E 45 R R, A
FHAR RE 45 X0 A B A% op 09 8 A R 0yt BU AR AR AT AR, A Bk
NoF B PG AR 0 s A b K 5 AR T B Y Y AR R AR AR R AT SR
2, AT EAR AR A EREME, MRS, MWE
FEDLVEH, LIRRRAKE ., EREE N, B NE S
AT [—0.5 0.5], FHMERL 2=0.198 0,y = 0.197
9, BN,

Reprojection error(in pixel)

-0. 6] +

-0.8 -0.6 -0.4-0.2 0 0.20.4 0.6
%

Bl 6 FAR i 22 40 A TR

5 #ig

ARSCHE M TR F R Harris £ 8 32 508 3% FIK OE J2 b
R W BARHUbRE 7 B . O A SO A T Harris ff 242
B PR O35, O X R & 2 A0 3E 47 it . 27 T Harris
SR I T AT AR . B P B TE A b 2 S AR AL 1
PRAE . SCEG S R FHT . AR SCHE M 104 S B B 08 A B 5 14
SERGE . SRR LR T TR,

S &30k

(1] Bsepk, Smifs, 42 3. ISP IR goLbs e gi ik [T,
B3k, 2000, 26 (1) 43 -55.

[2] Kitchen I. Rosenfei. D A. Gray—level corner detection [J]. Pat-
tern Recognition Letters, 1982. 1 (2): 95-102.

[3] LiJ, Guo S, Ye F, Shape Recognition BasedOn Freeman Chain
Code [J]. Trans Tech Publications Ltd. 2011. 317 - 319.: 2490
- 6.

[4] Wang H, Brady M. Real—time corner detection algorithm formo-
tion estimation [J]. Image and Vision Computing, 1995, 13 (9).
695 -703.

[5] Harris C, Stephens M. A combined corner and edge detector [A].
Proceedings of the Fourth Alvey Vision Conference [C]. Manches-
ter, UK, 1998, 147 - 151.

[6] Stephen M, Smith, J. Michael Brady. Susan—A New Approach
to Low Level Image Processing [J]. International Journal of Com-
puter Vision, 1997, 23 (1). 45-78.

[7] Kitchen L., Rosenfeld A. Gray Level Corner Detection [J]. Pattern
Recognition Letters, 1982, 3 (1): 95-102.

(8] ZEMEFI, JK4eW. T Harris A1 R0 A P45 5 0 4
FHLIE SR, 2011, 19 (1D 30-32.

(90 /5 3%, E&EE, # g BT Harris-5R 1EACE 147 8 2 00 51R
MibpEf e [J]. LB REEiR, 2014, 46 (6): 860
- 864.

[10] Zhang Z Y. Flexible camera calibration by viewing a plane from un-

(1. it

known orientations [ AJ]. Proceedings of the IEEE International
Conference on Computer Vision [C]. Greece, 1999: 666 —673.



