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Vehicle Localization Method for Lateral Position within Lane
Based on Vision and HD Map
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ABSTRACT

As autonomous driving technology advances, the accuracy of the vehicle position is important for
recognizing the environments around driving. Map-matching localization techniques based on high
definition (HD) maps have been studied to improve localization accuracy. Because conventional
map-matching techniques estimate the vehicle position based on an HD map reference dataset
representing the center of the lane, the estimated position does not reflect the deviation of the lateral
distance within the lane. Therefore, this paper proposes a localization system based on the reference
lateral position dataset extracted using image processing and HD maps. Image processing extracts the
© 2021. The Korea Institute of driving lane number using inverse perspective mapping, multi-lane detection, and yellow central lane
Intelligent Transport Systems. All  detection. The lane departure method estimates the lateral distance within the lane. To collect the
rights reserved. lateral position reference dataset, this approach involves two processes: (i) the link and lane node
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is extracted based on the lane number obtained from image processing and position from GNSS/INS,
and (ii) the lateral position is matched with the extracted link and lane node. Finally, the vehicle
position is estimated by matching the GNSS/INS local trajectory and the reference lateral position
dataset. The performance of the proposed method was evaluated by experiments carried out on a
highway environment. It was confirmed that the proposed method improves accuracy by about 1.0m
compared to GNSS / INS, and improves accuracy by about 0.04m~0.21m (7~30%) for each section
when compared with the existing lane-level map matching method.

Key words : Localization, HD map, Lane detection

1. IR

A58 L 7]E% ADASHE 77ke] kA
LDWS? 9 LKASYS} 22 23 #HE ADAS 7|
$9 MM = g fAE FHskE 71ss 2
T 3 9 HEg e BEA AgelA S99 2
3}¥l GNSS / INS AlA 9] e ro} A S FH3}7] H*E?}&l E}E A A Ee} §ostr] HffP %J?ﬂ«l Sl
T7F I Jok

GNSS / INS¢} HDO A& Hlol8 g3 7|3 HD AX9 $A] HolEE o]&3te] GNSS / INS AIME &
3 FAYS AXE oS BEsA A7 g otk oo 1'41‘?; e AFZA Bemstein and
Kornhauser(1998)2 3% 91X} 713 71718 HD A =9 YAE 7[HEo 2 2}5F9] A& BAsta 249
FEZ QIF 94 2xE Fo|7] 93k point-point L point-curve matchmg WS AT 18y A=
7h Bxbeglel wet 3| AMtg 2] a7t e ol & i) flste] e 3 AEE
HD A =3 H|wdl= M2 4 WHS At = ATHHsueh and Chen, 2018). 3 91X 22E Zo]7] 935}
o] WA o] &(Quddus et al., 2006)3} 25 % (Ochieng et al., 2003)°] &% 7% &t T2y A L9
A% e e w9 Algte] Exbs dubAQl AAZE o Fg Aol Mol A{}etA] eTh(Hashemi and Karimi,
2014). o] % A= A W9 7414 B4 EAS i2357] 93k GNSS [ INSS 53te] Ao 3 H =9}
HD A= HAHE ICP) &ug&ES 7Hro 2 AHE|shs WhHo] A= thKang et al, 2018). HD A= A&
WS A8-3lE GNSS / INS *ilHEl A s %S T AFHA T, GNSSY YA EI EE u) o -3
é__?,lf—'_ S A 04‘:_ 6—].7;"5—'_ 8]]73*6‘]-7(] Eé—].r,].

_)‘.(_1‘
AN
N
T
f
o=
roh
:L
~
W
[¢]
.’:$
é
CE
1~
Z
&
—
O
\O
N
o
o
°1I>

HA 7]Hke] =9 d4s AU olF A-dS Ao E 4319 GNSS A5 B9 dAE 85|
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1) ADAS : Advanced driving assistance system, A% 42} BZ A|~H

2) LDWS : Lane departure warning system, x4 o]& 71*’ B~

3) LKAS : Lane keeping assistance system, x4 4] A9 A|=H

4) INS : Inertial navigation system, ¥4 Wn]Alo] A A 2~H

5) GNSS : Global navigation satellite system, =% Wu]Alo]Ad A A|~H
6) HD : High definition, 213}2

7) ICP : Iterative closest point, ¥Ha-& o2 74 71718 A
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8) SLAM : Simultaneous localization and mapping, 4] ¢Jxgtet 2 uj=j
9) AVM : Around view monitoring
10) DLI : Driving lateral information, &% 53] AX
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<Fig. 2> The flowchart of driving lateral information (DLI)-based map matching system
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P = HL @ By e 1)
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otk ni Fhileke Eol, ot hvizkel Waztolm g shviete] WA Ztwolch <Fig. 3-2 247t AR of
HA s} WgE HAE ojnx o] Asjod,

input image top view image image after filtering binary image thresholding

<Fig. 3> The result of top view image transforming <Fig. 4> The result of feature extraction using Gaussian
using IPM Filter and thresholding

11) IPM : Inverse perspective mapping, & 9 1}

190 PA=ITSYR|=EN| 420, THI52(2021H 10¥)



HIE 3 HD Map 718 At2 W X2k HLZ9| I

1 1. . 1
———cos#  ——sinasing ——c,cos3— —cLsmasmﬁ cosasind ()
fu fu 'f:ll f
1 . 1 . 1 . 1 .
—sing —sinacosa — ——¢,sinf— —-¢,sinacos3— cosasinf 0
_ fU fv fu '}(:l,Y
H=h 1 TR B )
0 —-cosa — ——c¢,cosa+ sina 0
fv fzr )
0 Lcosoz L ——c,cosa+ — ! sina 0
hf, I e

2) JHgRE] F&

V4R E] FZE(edge extraction) TAINME 23} 7F-AlQE A (kernel)i E|FE FHE olnA|ox A
YARE 7o G o] A& FE23oh 7 BHP S 74 2 9 B AF o, 0,85 A
Yulol dolg EUE 2431 1 AT A o]9]e] ¥9& s/ she EBE BETHALY, 2008). 7t
SAIRE AL obef A 3, 49k ZTh

1

f, (y) fexp(* 2322 ) ........................................................................................................................... (3)
7, (@) ?e p(_%)(l_g) ......................................................................................................... @

o, v oIv)A) ol el HE groleh. <Fig, >4 A9 Aol J3hol waw A3} o)A s} o] &
Wlgoz BHPF A3} olWAE welzth YAge BHYD olwelA 54 29+ g Husg
o o QA olde] FES 1, URAE 002 BUNEE gl 1 A2 OIXJ(bmary) P3e e
ik

-l>

3) il 2o|E

A o]zlstE §dell LSD(Line Segment Detector)
(Grompone et al., 2010). BA FA Aol o A F A T4
2hel 54 AT A 7 W HAE AMSl &S L, 7 SAREW ZAR] fAME
AR e 2 A 54 & F ok
L= 97 93ty BT oju| Aol A A WL(<Fig. 5>°A W7t 2AA2E) 0F Fg ths H4

Wel Mg 7, 2 AFBh <Fig 7>0) WA Azt oz BASo] Tk £, & /NOE 51 Aes =
A3k ol el 3 TAR) FAMY ghol S Wk 2 L B4 se] L2 8 Atk 1 % Lo 2kl
52 o7} QAR o1l AS 2l dol B AT 1 ABE <Fg 6>0 YA

w9, 7 Aol BeE A L& 2 A28 4w ge} 15H oE R AEAE 44 dolrl o 2

T, 712717F @tdes wnh VA FA2 4 (5)9F 2

o
o

ol

A7l A 1= BRle] 4 Zololal m; = 770t

Vol.20 No.5(2021. 10) The Journal of The Korea Institute of Intelligent Transport Systems 191



HIE 3 HD Map 718 At2 W X2k HLZ9| I

Subset image planqm

||U ‘R \l‘ll"‘"‘l mui
I'l ‘.‘.I:j. |‘ (J,J‘r} l
[

<Fig. 6> Distance measurement between middle line
and other lines

<Fig. 5> Subset image plane after applying LSD in
binary image

m:d

!
I r

i
I \"\

O
A71oA May)E FAE 2EHCIL, (x, y)& OIHIA FH3EoAA HolEo] AHE & 4] Aol tigh uA}
Holth. P.(x,y)E 2 (N 2] Aojd F&3 Fx Axjolrh
PC(ac,y)— Zj(),‘:lz;rlp (2,1 YYs o (7,]) (as,y)Ef? ............................................................................... (7)
0, otherwise

192 QIR TSYUR| =27 203, M52(20214 109)



HIE 3 HD Map 718 At2 W X2k HLZ9| I

47114 N, & Blol o] ARH el IR p, = 492 BEoITh A9 PEE T A §)3F 2ol

T Atk o= GA <Fig. 554 AAT Wk 2z W 9o

(x—p, )+ @—py,,)°

] ) ...................................................................................... (8)

A7V s B 2 FO) HFOIL, o T 2 99 A EFE BRI

ANNA 0, =a, « (), a8 2AL AFoITh o] 42 BxE /H5A ol ¥ AAYSF wE

S
o
ofy
_);1_5

2
o
N
o3
M
rlo
o
i
tlo
)
rr
o
—o
[
>
X
o
fru
et
ol
i,
vl

Hape| Hol7h FokAl

5) XM 2E U B
A zwa 371 A3kl (4, M,H 4 2485 @AY Aels fig= AGE W 2

o710 A ne inliers®] 7, I'= Ao, k2 st Aot 54 71EH o) A4E 53 ke 2
AEL A4l FHo|A A9t}

RANSAC Ao A 3 A EL vpx e AS B4 & 53l
NA 3m oW E A8t 7] &7]9] Apol7} 7HE AL F A

N

Fepol Qg A0 BRI WA A
al
H

& Ao AFd) I F, <Fig. 8>

' A A
—é
Wy / W:\ Wy Wy W Wy

I 8 R, R, L Iy R, R,

rO

The lane model in the image coordinate system The lane model in the world coordinate system

<Fig. 8> Characteristics of the lane model in two coordinate system (world coordinate and image coordinate)

12) RANSAC : Random sample consensus
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<Fig. 12> The experiments course on Connected- <Fig. 13> The sections of testing course on Connected-

Vehicle Test-bed in Daegu, South Korea Vehicle Test-bed in Daegu, South Korea
(red-roads, yellow-tunnels) (yellow-roads, blue-tunnels)
AF8-E GNSS / INS AR = o]F Fof|= 0.5m, AA| Fol= 003me] AFE2 2o S A Z3c) =}
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14) IMU : Inertial measurement unit, ¥4 =4 x|
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W AR, GNSS / INSS| A9 Hohs eA7F 25 g1 & & 9ok LMM W 2 Aldkske W
o Huloas tFE B AY e AE Aol A Y, o= Bd dF9 7oA GNSS/INS7E 7h
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<Table 1> Results in Roads (Units: m)

Road 1 Road 2 Road 3 Road 4 Road 5 Road 6 Road 7 Total
(.9km) | (0.56km) | (1.28km) | (1.48km) | (0.33km) | (0.52km) | (0.66km)
Avg. [m] 1.638 1.426 0.508 0.602 0.674 1.885 0.667 1.367
GNSS/INS Dﬁi’]‘ 2745 9.226 1.695 1.945 2203 4.695 1.274 9226
Std. [m] 1.351 2.985 1.145 0.433 0.519 1.682 0.428 0.984
Avg. [m] 0.658 0.586 1.248 0.542 0.534 0412 0.517 0.642
LMM 1\[/[;}]( 2.145 1.346 3.991 1.315 1.253 0.925 1.114 3.991
Std. [m] 0.331 0.315 1.545 0.333 0.629 0.232 0.228 0.814
Avg. [m] 0.586 0.545 1.036 0.401 0.381 0.311 0.361 0.576
DLI method - Max. | \s) 1.443 4.896 1227 1.034 0.828 0973 4.896
(proposed) [m]
Std. [m] 0.325 0.265 1.464 0.336 0.602 0.153 0.148 0.783
<Table 2> Results in Tunnels (Units: m)
Tunnel 1 | Tunnel 2 | Tunnel 3 | Tunnel 4 | Tunnel 5 | Tunnel 6 Total
(1.36km) (1.24km) (0.36km) (1.93km) (1.01km) (0.5km)
Avg. [m] 5.831 3.831 0.594 6.922 2.708 0.798 2.330
GNSS/INS Max. [m] 7471 5.304 1.509 10.974 5.282 1.527 10.974
Std. [m] 5.729 2.834 0.323 5.794 2.623 0.574 2231
Avg. [m] 0471 0.571 0.401 0.451 0.551 0.435 0.480
LMM Max. [m] 0.941 1.342 0.895 1.512 1.272 1317 1.512
Std. [m] 0.381 0.281 0.302 0.351 0.387 0.289 0.331
Avg. [m] 0.486 0.547 0.372 0.447 0.561 0.401 0.482
DLUmethod  F  iml| 0.987 1452 0905 1.499 1572 1127 1572
(proposed)
Std. [m] 0.394 0.258 0.241 0.334 0.367 0.238 0.364

B =72 AF 59 4% S A8 AR T S JHE Y55t o] /Mo E e Y

L = A3 7IHE AdstA . Al WH-E 7]E2] GNSS / INSH

Hok A}%-sm A9 A=o FA AET At S99 WY FAE 9 HEE Tl SHeEY AR

2 A F4 H5S NASAT HAEs AA 1452 (16km) 70l
T Hlasks WAo g PH U GNSS / INSeHe] A Hlal 9

He 1&TZ 7oA GNSS / INS Bt} ZE3 =9 A5S

ﬂl

f“ rfl m
ol
ol
Fll‘
z,
g

=3 Al "J*B‘}E DLI 7% A= Ag =9 7|He S
JHA AL S BT B3 Uil 22 A E A AR HI HRW AES wEg § 22 F
#= Yoy, BaaAoME F243 2ol e AL &<l syt Atshs e A4 B
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Sfdte] BT YT B2 wm@s BAF A B4 0 QAT FW BARANA A PPl 45
& H2Ed} HI BEA U £ 452 @Y 9T A7} Basih T3 7Y 58 Fust F55
A ke W AFe] HE ARE TS AT A A% FH DY A7 B
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