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ABSTRACT

This paper proposes a vehicle to road tracking algorithm based on vision sensor by using
EKF(Extended Kalman Filter). The lateral offset, heading angle, and curvature which are obtained
from vehicle to road tracking might be used as inputs to steering controller of LKAS(Lane
Keeping Assist System) or for the warning decision logic of LDWS(Lane Departure Warning
System). To the end, in this paper, the yaw rate, steering angle, and vehicle speed as well as lane
raw points together with considering of vehicle lateral dynamics are utilized to improve the
exactness and convergence of the vehicle to road tracking. The proposed algorithm has been tested
at a proving ground that consists of straight and curve sections and compared with GPS datum
using DGPS-RTK equipment to show the feasibility of the proposed algorithm.
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SRS uEste] ZbgEY] wE £EE JhsstA ster 1d T A= A
UEE 3} th(Dickmanns et al., 1987). 3tATH AukH o2 =43ty & A7 It &
St |E uEste] Al2ES FASAT HE =2 Z3 sl JE 72+E AR HFEH e,
A =2 FY A U FYPT 20| B2 T2 Z W D 7Pl 93 A 9% Zh(pitch angle) 2]
7} AR BAEA Hof sive HEZLS 1
7 At dE A E FE FES 9
oA FE F4 A AZE A ¢do] A3 THShin and Joo, 2010). & Zoll= ek e IS A o)gk &
T, olg ViR, O8a £ 28 SR e ZUEEE FAS A4 U ARt IHE FAsE
A77h BEEAC 2 Al2E o] AP T mdly fAsta AA T2elA sk 2 v
TE @A AEHolAd A 2 X7} EATS & & UTh(McCall et al, 2006; Sivaraman et al.,
2013).
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H AUNERD Erlsstt A AE e de et
1. ZEAS =9
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(Fig. 1) Definition of coordinates system (Fig. 2> Geometric relation between vehicle
and road

<Fig. I>E2HE oln|z] iAo} 2t 1A HFATY] #AAE T2 A () 2ol FEZ F ATk(Shin
and Joo, 2010).
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d,= VAy+ VB+ Ly @
Ay =~ Ve, 3)

A7l A Ve A £, v T2 TE 2713, fv I e} Az sideslip angle), yE L OE
(yaw rate)©]T}.

B AFM =20 ¥EL FEA0|E T2 TE(clothoid road model)oll 71WHeHS 71 s o, o] wo)
FEL 24 @9} ZTh(Parent et al., 2001).
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(Fig. 3) 2-DOF bicycle model
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34 TN A W A Eelofe AR oA MAGA S4o] ZA BAISHA ol o M
o] % AHA mdE AFL 2ASY 4 ATHRajesh, 2006).

3 542 TASE <Fig 33 2ol 2.A44%
<Fig. 3>ol41 6, A8 237, L9 L, PAFARE A-F8449 Ael, 281 o9 o, & A-F
£ QuinedPze 27 JenIth <Fig 3-02RE ol A/ md IUF £FWHY Ag = ok
(Rajesh, 2006).
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[’Y Qg1 g | L7 by| ®)
i 5
714
G+ GL—-GL CL+CL CL'+ CL; G G L
a,, = , Q= —1+ s N — b =
ne oy e my? ! I, 2 vV Y A I

A G Gt C 2 A7 38 Elolo] 3] 7 A (tire comering stiffness)o]™ - & Bfojo]
A2t F,=Goy Fo=C a2 AZMET F Elolo] A3 ZA4A= golo] ek 3 At Al vl

B AT Bae AUsgt Ed4 enH@EE L2, 4U4RY, 28, 38 W5, 58 F
izt WEZhE F45He BUEES —;!7418}—5— Aoz B AL 712 WA AY 9= 7re] 2y
B 2 ATolA AFA AW ANEEZ 247 SaelFel ol AR @

1. HE {3 7|4 A =22t EAfY 208|E

ANE27E EgF gulHE F43517] $18)] 71Sde ZvhEE A2 BAA S Ay a2 mdy
3 A TH(Mineta et al., 2003; Nishida et al., 2006). ©]&= FAst1A} 3t FetrEe HAsl} Aths 714 S 7]
o g gt olgd V1€ agFe| MNEEE <Fg 4>9F 2t

Lateral Offset
AViSTIaRY=IakleI@l Raw Point Coordinates Extended Heading Angle

Kalman Filter Curvature
(based on Random Walk) Road Width

Camera Tilt Angle

Unit

(Fig. 4> System architecture (random walk model)
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(Fig. 5) Vehicle to road tracking parameters
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K, = Py, H(HP,, H'+R)" 11)
(i) FR% ALt

X=X+ Kelz — h(X ) (12)
(iv) &2} Tt A4t

Bope = Bepe—r — B Fy—y 13)

A7) Aol AEEE Xe AUeRgt e sebug FAR, Pe X o BRA Q= Al2E F
I I o R

AA 2 (1)) A7 32 Design Matrix) = A28 AEE X, 2 AU=27F Eg)7 wlevE o
ek Zdwkdee] 54 2do| Hn S A3 A=n|¢t 3 E (Jacobian Matnx)O]Uﬂ] 2] (14)9F 2t}

r-{m

oh oh oh oh
H= |t ox i ox e x 19
A71N ¥i e Yile 27t 8% A4 A5() A4 A FEH o)A AuAe) yHEE

vy
omlal e 4 (12)9] 247k - & WA HEA ) A 29| x Hwolr)
2. RiEF BlUIE 2SUTAl J|H ISR EE YDRIF

BTl A Ateis AdERt 27 GeuHE FH87] T SudEe) AL T <Fg 6
3 2

Estl
Yaw Rate { » r.ed) Lateral Offset
Side-slip Angle, .
Sensor (Estimat d) Extended Heading Angle
ma e
Steering Angle B—Obse rver Yaw R: Curvature
Sensor

(based on Bicycle Model) Ka| man FI]ter Curvature Rate

Speed (based on Lateral Dynamics) Road Width
Sensor Camera Tilt Angle

(Fig. 6> System architecture (lateral dynamics model)
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7] 7] W&ol FAstoF gtk Aejig FAE AASH] AdMe 1EH o E 2] Fa vieiv|
B S dofof 3ok A sEtrE F ASo] &old A TS At SA] ofBE Eolo] A3
743 A (tire cornering stiffness), T4 = E(Moment of inertia) 53 22 & getnEe] A9 48 T2
%l MATLAB®] Parameter Estimation Toolbox & ©]-83l 32}v|E 4 & R o £ AFollA AMSH 2553}
2}H|El & <Table 1>3 2T} o5 B3 Feifls 34719 AA ¥ 9 AF de 2 d79 ojd d+E
Az wul@thShin and Joo, 2010).

(Table 1) Parameters of the experimental vehicle

Symbol Description Value [unit]
m Vehicle Mass 1,720 [kg]
1, Yaw Moment of Inertia 5,658 [kg * m?]
L The Distance between Center of Mass to Front Axle 1.105 [m]
L The Distance between Center of Mass to Rear Axle 1.74 [m]

C} Front Tire Cornering Stiffness 45,837 [N/rad]
(& Rear Tire Cornering Stiffness 37,242 [N/rad]

V. A8 23

B Aol e MANA Ak A=23F Edf7] setvg 34 ¢agF 23848 2 A5S A8
FeAo] AAZE F9 HolHE #5351 74}3“1 Ao}719] dSPACE/\}S‘J AutoBoxl| A|Fet it
7 E]

T2 ERA duES g4 3 IXYE AEYolAE ST olu] HESE AAZE F3 dlo]
ZE ZAAAA MR A FE2 A HAEAHR, 2F *Wil?—ﬂ Ade ZHME(X}% Z7}, 8 0]E),
718]3 DGPS-RTK AH|E o] &3] 53 x}% Hxl AB7} 9t E3] DGPS-RTK AHIZ HES 94X AR

FY ANPRE 5 5040mo] EFAY (A FAED T FAHOR A4 (967m)- 28 TTHA11m)- 24 (73 1m)- 25}
TZH411m)-4(967m)- 243+ 7H4 1 1m)-= A (731m)- 23T 7H411m) O 2 o] Fo AUtk 3 AP E FHF7HY
B2 360mo] L =& Z-2 4mo|th A8 Fol A S AA| FHH FAE 60~100km/he] SEE A7
I P& FYSAT <Fig. 7>olA4 WAL FREH S A Holy AL FPEH ] FEFS YERATH

Curvature [1/m]
o A e -

L1
g
5

1000 400
500 o 200

Value of ¥ Axis -500 -200 WValue of X Axis

(Fig. 7> Driving trajectory &
road curvature
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T3 Al 273 AAIZF DGPS-RTK tlo|E|25E] waf e 2 JofZ 27}, 5
= | o] E(reference data)= AAsIHoH WHYZ 7|9k ANE23E EHA LHZE Y
= |

] jai :__ © 0 ©
R4 7 ANEEZE EY ZWEEE AuwoBoxd ®AIS FAE AEdoldS FYsch
<Fig. 8>& WH A 7Nk A =23t B ZvbdE et e L5844 7N A E 21 ARk E oA

N

fyc}:
F4% AN =23t B devEE 7)E vl et Blaet Aol

o
3

o
&

Lateral offset(m)

-0.5

x107°
T T T T T T T T

,

LAY
a\svfn g eNeavL v PNy,

2+ " ™ -
4+ N v" l\' \v, -

Curvature(1/m)
>bhNVON

Relative angle(deg)

(3]

Road width(m)
N

w

0.04
0.02

-0.02

Camera tilt angle(deg)

Time(sec)

(Fig. 8> Comparisons of the road parameters (dotted: Reference data, dash: Random
walk, Solid: Lateral dynamics based Kalman filter)

<Fig. 8>< Avuy 7]& vlolE ()} lwshd A==t B vetvE e 34 e A
719k &gl E thn] Y Fe 7N A et EYY AL e 49T A ANE 2
ZA 7B A FAAE AR oS HolAR HA 73t A HEe AolE Bt AW +F
B 7k dae)ge) A A 223 57188k whEste] 4l 7Rl Ao Aot ddEE gl
g 4tk FE A4S FE ZdS Bed] AP aE mdye A9 Aal prhel e thazte] vlojoj s
7b Boln 34 F3tell A EHAH] e Hiel HEHEEE WYY FRL0E RIS A {3 AT I
B LAY 7 daueFe] A A A SE ARt v w=en ARAIGE AEES
AR ¢ At AE Rz Ag A FRIeAM Y] AR EE Ps] AdENen 54 AR Y
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3 71dk i) 7% dlolElo] 2% AHE HAth ES 52 £ AH9E Aok 4SS A8 A A
et FEATS g1 & 5 Ak et REZA] A 27 AL o0 2 ZFstd o abee] 7t
of W& 9EZ Wsh(onHo2E A A7 Wshrt JS5S I & 5 Uk A 45
o] npoloj vt EX|5H YEZ W3}t Zo] Y A4 7Nk oivl A dERyith Ape] A 7he A
FsA ZAs7]= o HAN I ¢ ANEREZ EgF getr e AL EE uE o R Ao R drslH
FelAQl HeolA & FAHIL AT FEF 5 Aok F O A FH S AsA e AFY THE U
SO & Ao 4 ek 25 EES FUIE aHshe Ao] astAut AA A %XH ;ﬂ%ﬂﬂ 9
A e A 0GR o] ALEF FAE el of st SHI TR st T AEEZT EY 9
gHrEQl ek QA AAE 27 J8l3 59 BTt A FAA LA 25l ek zil°17l A Al
27 e ANEED EA debue o] F S (Shin and Joo, 2010014 AANE wHEEl7] wj&ol A F=
o mdgo=w FE3IT AGHL
o5 FXxHo g gs}ty] 28l <Table 2> DGPS-RTK 7] Hlo]E ¢} A= 7|6k o= o
53 AT RMS 23k, T8a A U S5 7N AU s EYE gaE
IE FAH#A RMS 235 747 Alxbste] vlwsigitt, AlQbst dagse] J802 A E
stetu|Ele] Y E7F 392 &2 A tiy] e 20 A9 51%, FE A 86%, SN =719
A5 52%, 181 EEZO] S 74% FFEHAFS 2 & 5 th

ol

(Table 2) Comparison of the RMS error between reference data and estimated data

Algorithm d4[m] pl1/m] A1p[deg] W, [m]
Random Walk Model 0.075 8.1e-04 0.5 0.286
Lateral Dynamics Model 0.037 1.11e-04 0.24 0.074

A= 7]9ke] ZurgdE o] A4 2l *“/‘1—r°ﬂ/‘1 Xi?/lﬂ X}d er%%‘j JETE o] &) A==t
EQF dvHE FA6] Wl A 2 A o] FH A
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