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Abstract : This paper proposes a method to evaluate the landmark suitability of road facilities in highways for the map-matching
based vehicle localization system that detects road facilities by using a monocular camera and finds their correspondences on a
digital map. Each road facility is evaluated based on four criteria, such as detectability, map matchability, localization robustness
and observation frequency. These four results are combined to assess the landmark suitability of the road facility. It is expected that
the results of this study will provide guidance on how to prioritize a road facility as a landmark and what facility information should
be stored on a map.

Key words : Vehicle localization(Z-$]), Map-matching based localization(X] =7 § 7] ¥} Z2]), Landmark suitability( =v}=
= A 3H4), Road facility(% = Al A &), Monocular camera(ekQF71H] 2F)

Nomenclature S :size ratio invariance
D* : detectability SP :inside pattern invariance
N average number of images where an object is detected M, map matchability
V. :visibility I'  :installation interval
S :shape consistency P :relative localization robustness
D" relative detectability P! : global localization robustness
F,” : average number of images where an object is occluded F,  :observation frequency
ﬁi : average number of images where an object is observed S;  :suitability of ith landmark for localization
Vp @ processing rate per second o™ :installation height error standard deviation
L :average driving distance per second o®  :camera angle error standard deviation
Vi :visibility at night o’ : detected position error standard deviation
&, :coefficient of retroreflected luminance " : object pose error standard deviation
S :shape invariance
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Table 1 Characteristics of highway road facilities

B IR R A|ME9]

=nt3 =gy got

Shape

Installation

Installation

Road facility Material (m) height (m) oap (m) Reference
Road sign =25 Reflective film Rectangle.Slze & >5 Depending 18-19)
betorees  2xm Aspect ratio is variable on types
Traffic sign Reflective film Equilateral triangle
. . . No rules
(Warning) LED Size is variable
Circle,
Traffic sign Reflective film Invert triangle, Poll: 1~2.1 20)
(Regulatory) LED Regglar. octagonl, etc >5 urban: 200
Size is variable rural: 400
Circle driveway: 800
Traffic sign . ’
(Guide) Reflective film Square, etc
| dusy ) Size is variable
. Reflective film Circle, pillar Circle:0.95
Delinator Reflector Radius: 0.1 Pillar:1.1 330 21
x
. 2 . . Rectangle
Chevron sign ) Reflective film 3 kinds of size 1.2 8 ~45 21)
. Shape is variable
Refl
Road mark ¢ :i:twe Width: 1.0 ~ 2.2 0 No rules 22)
P Length: 1.5~ 3.6
. Rectangle
Refl Dashed 1
Lane mark ¢ :i:twe Width: 0.1~ 0.15 0 5 gdlgne 23)
P Length: 3,5, 10 T
. Reflective film Cylinder, Rectangle
(()g;\j[c;;negl;e)r Reflective Width is variable 1.0,1.2 No rules 21)
T paint Length: 0.9, 1.5
Cylinder
Delinator post Reflective film Radius: 0.08 0 2~10 21)
Length: 0.75, 0.45
7\
Object marker N Reflective film Square
5
(OM1-3) . Reflector Length: 0.4 10 Norules 2D
(— FTI 9 Rectangle In Corridor
Exit sign 202'\: } =4 LED Width: >0.25 I'm No rules 24-25)
Length: >0.085
Cylinder
> ~ .
Tunnel fan ETC Radius: 0.6 ~ 1.5 5 80~180 26-27)
Hydrant ETC . Re.ctang.le No rules No rules 26,28)
Size is variable
. Square
Lane control light a ' LED Width: 0.355 >5 No rules 29)
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Evaluation criteria

Map-matching based

o
o

N
A

™M
H
e

)

=
A

Detectability

Map
matchability

M%Wga%
E
BN oo
7ﬂ%ﬂﬁmm
Ao 4w R
[
Mro< = B
=) dﬂ_x‘.r
R
mg.awaﬂe%_i
ﬂﬂﬂg%p
_tur%MV
2eop T W ooy
R ! ETEodl

™ B0 ms
T s
13&1.0 ‘_.W
BE T
BT s %
o PR
o X N o o
o Mg
W g,
<o R o
TRAENT
2w n.m
g8 £§
8¢ E S
«c = v T
LERE N

localization

Landmark

detection

Map matching

Localization

GNSS/INS fusion

T olE e

3

Dz

Fig. 1 Procedures of map-matching based localization and corres-

15 fpsol™, L 29 A=t

pu

.

=ioll Al

ponding landmark suitability evaluation criteria

Fvlee) 52 0 Hag, AaEe] 27)

olt}, N

/KC]—

HM (D etectability)

=gt

22 HE

N 83} 7 e} Aol el

7ol
T

W

e

Feke] e, Bl

x

™
)
Z.E
T

I

‘#_.nmo

ol

0

___OH

92 B,
EES

g 59} 2o 371A] Al

PO w2 =Rl A o]

5O

BEEERRE

)
o
B

Bl

il

el

ot

ahglom, A4 Al el

[S)

y
7+ Azt

‘#_.nmo

Table 63} 2t}

KN
y
L
LI

(M

D'=N'xVx§

H

‘#_.nmo

!

A gake v)

=
p—

1] 50} o)

Sl

7}
Aol F2jo] itk whahA] A (1)l A ARt &

< A (2)9,]_ 2ol Ha A7 100] &

Z

bz

=

JJ

JJJ
K

—_

a7] olsth A9

Sloll A1g

o =
h

[e)
=

jaxe]

&)

A

Table 99} 2t}

N
—_

)A
oy
o)

o

N
& ~
wo
~O
<K
O %O
A A
Jo o
w...AlO w...AlO
—_
~ X
™
S
s [
RIA
X5
o ©
—| g
Il

o

Q

85}

=
T

AF2F7}F 100 km/h =

2=
T

o)
=

15 fps(frame per second) 7

olth AF3 = A ukAlA)

-
RE

tehjE 7

[e)

RNe]
=

o 4

A =ol A 2 13 fps 2 2] 2] 5

3]

318]5] 720x576

o)
=

=
=

|

Ptk AR Fig. 29 7o) A

S

= A

ARk v

Fol 15 fps2 A A

3]

92 oy

=9o] 1t

]_1:

A

#

™ 100 %

ol

X} o)

Foh Al B ) AT E A

)
<

™
H)
Ny
e

I+
el

&)
o

M =
—_— —_—
57
iy
iz
o
o
=
T F
oy
T %o
<A
o) EK
27
.kquu ﬂo
= LE
g
M N
T o
W<
B
-

o

2019

35,

S|l=2F 273 A4

SASAIS S

3t

276



Landmark Suitability Evaluation of Road Facilities in Highway for Monocular Camera-based Precise Vehicle Localization System

i
/ incidence angle

! observed angle
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Distance from a vehicle to a road sign
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Fig. 2 Relationship between incident angle and observation angle™”
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Table 3 Simulation parameters about a camera and a road of| A HA|H QA FEX| 7} St o 7 QA Elojof s A=
Object Parameters sl <t R AT ] FH0 ) gl 214
- Resolution : 1280 x 720 - -
A E 7|0 2 oA TR 9] A7 S Asl= FAS AR
Camera -FOV : 50° x 28.125° _H]E ]_T A 718 e S A8
- Installation height: 1.5 m sho Atk
- Highway Fig. 5= Table 3, 4°] Al &0l WS &8-3o] 7}
Road - One way four lane straight road N S - = —.
7 JWAE 2 7AF A1 A ._A/H—ﬂ_ = =
- Oneway fourlene Frhleh, PR, T e AT g welE
th 9ok 22 AlE o] fH M Al E o] A Eol
A B AL Table 49F o1 &3} 84K A, AR} Al = 7he] g 914 el an = ok
7 2] =8 3 18] 5
F R A5 W AA ol FAo] FASH olF Foat T AA T HSAA /P LS.
H, g7g ol A RS o) - 19 el A A st
- o g A ZE =aty ili
ATk T AL Qs Aol Aol el e = A% 32 S8 HES(Detectability)
= 7o w AAEe] 4 H AFS A 321 IR HE =ag £
3 eh A o] A9 < E oA g A A v v Bt A% e £ AAksy) 98 M Hi AE
Table 4 Simulation parameters about road facilities
. . Installation . R
Road facility Shape Size (m) height (m) Horizontal position in a road
Road sign Rectangle 4x2 5.0 Center in a road
Traffic sign (Warning) Equilateral triangle Side length: 1.7 2.0 Right end in a road
Traffic sign (Regulatory) Circle Radius: 0.625 2.0 Right end in a road
Traffic sign (Guide) Square Side length: 1.12 2.0 Right end in a road
Delinator Circle Radius: 0.055 0.9 Left end in a road
Chevron sign Rectangle 0.45x 0.6 1.2 Right end in a road
Road mark Rectangle 1 x5 0 Center in the lane occupied by an ego-vehicle
Lane mark Dashed mark Width: 0.15, length: 10 0 Every lane
Object Marker (OM-3L) Rectangle 0.6 x0.9 1.2 Left end in a road
Delinator post Cynlinder Diameter: 0.08 0.75 Left end in a road
Object Marker (OM1-3) Diamond 0.4x0.4 1.0 Left end in a road
Exit sign Rectangle 0.35x0.25 1.0 Right wall of a tunnel
Tunnel fan Circle Radius: 0.625 5.0 Center in the lane occupied by an ego-vehicle
Hydrant Rectangle 0.7x1.2 0.2 Right wall of a tunnel
Lane control light Square 0.355 x 0.355 5.0 Center in the lane occupied by an ego-vehicle
15 10 5 9 -5 -10
Road sign
Tunnel fan
O Traffic sign
- : - Traffic f
1 I 0 | 1
l' L#ne control light : : l|
Delinator post I ] 1 1 1
Delinator 1 ] 1 1
Object Marker Q 1 ] Tane mat 1 1
# ‘ 1 1
1
1 1 Road mark 1 1 ‘
I | 1
1 [ 1 \

I
1*tlane : 3% fane 4% lane

Camera (2% lane)

Fig. 5 Road facilities and a camera in a virtual road
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Table 5 Detection range and number of detectable frames for a
road facility

Detection range (m) ﬁ
Road facility T } —
Min. dist | Max. dist R (100 km/h)
Road sign 21 115.2 94.2 50.85
Traffic sign
4 1.6 62.2 33.6
(Warning) ? 7
Traffic sign 113 85.4 74.1 40.05
(Regulatory)
Traffic sign
(Guide) 9.1 64.4 55.3 29.85
Delinator Not measurable
Chevron 16.32 26.0 9.67 5.22
Road mark 6.7 18.4 11.7 6.31
Lane mark 8.3 442 359 19.37
Marker
15. 4. 18. 10.2
(OM-3L) 5.7 345 8.8 0
Delinator post Not measurable
Marker
(OM1-3) 15.7 32.8 17.1 9.25
Exit sign 7.7 8.2 0.5 0.3
Tunnel fan 15.7 71.9 56.2 30.35
Hydrant 8.3 11.6 33 1.8
Lane control light 14.7 20.6 5.8 3.15
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(a) Number of entering vehicles per cycle : 1

(b) Number of entering vehicles per cycle : 3

Fig. 6 Occupancy grid maps generated by Nagel-Schreckenberg
model
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Table 6 Number of frames (ﬁ) detecting a road facility in the
simulation using the traffic flow model

v B -
Road facility N N
100 km/h | Traffic model
Road sign 50.85 56.74 3.08 53.66

Traffic sign
(Warning) 33.6 33.84 3.24 30.6
Traffic sign 40.05 41.44 257 | 3887
(Regulatory)
Traffic sign
29. 29.91 2. 27.1
(Guide) 9.85 9.9 73 7.18
Delinator Not measurable
Chevron 5.22 5.29 0.2 5.09
Road mark 6.31 6.92 0.24 6.68
Lane mark 19.37 21.1 0.81 20.29
Marker
(OM-3L) 10.2 11.96 0.72 11.24
Delinator post Not measurable
Marker
2 10. . 10.1
(OM1-3) 9.25 0.53 0.37 0.16
Exit sign 0.3 0.87 0.02 0.85
Tunnel fan 30.35 344 1.62 32.78
Hydrant 1.8 1.22 0.04 1.18
Lane control light 3.15 432 0.14 4.18
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Fig. 7 Configuration to measure the coefficient of retroreflected
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Table 7 Visibility score( V), coefficient of retroreflected luminance(RL) or luminance(L) for a road facility

Color Visibili
Road facility Material RLorL isibility Reference
Background Pattern score (V)
Green White 138.8 cd/(Ix -m?)
Road sign Blue White 131.9 cd/(lx-mz) 7.2
) White Black 124.9 cd/(Ix -m?)
; ; Reflective B .
Traffic sign (Warning) Film Red Yellow 113.7 cd/(Ix-m") 6.8 Table 2-3~2-7 in 19)
Traffic sign (Regulatory) Red White 146.8 cd/(lx-mz) 73
Traffic sign (Guide) Blue White 131.9 cd/(lx-mz) 7.1
Chevron Yellow Black 91.8 cd/(lx-mz) 6.4
Road mark . ) .
Reflective White 195.0 cd/(Ix-m”) 8.1 Table 3.5 in 35)
Lane mark Paint
Marker (OM-3L) Yellow Black 94.3 cd/(Ix 'mz) 6.5 Table 5.4 in 20)
Marker (OM1-3) Reflector Yellow 316.6 cd/(lx-mz) 10.0 Table 5.2 in 20)
Tunnel fan ETC - - 5.0 -
Lane control light LED Red or Green 2250 cd/m’ 10.0 Table 10 in 28)
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Table 9 Detectability score

A facil Sub-criterion
R ilit — D D"
oad facility N v S
Road sign 53.66 7.2 2.0 772.7 10.0
Traffic sign
(Warning) 30.6 6.8 2.7 561.8 7.3
Trafficsign 1 3007 | 73 | 23 | 6526 | 84
(Regulatory)
Traffic sign
27.18 .1 2.3 443.8 5.
(Guide) 7 7 7
Delinator Not calculating detection range
Chevron 5.09 6.4 3.0 97.7 1.3
Road mark 6.68 8.1 2.0 108.2 1.4
Lane mark 20.29 8.1 3.0 493.0 6.4
Marker
(OM-3L) 11.24 6.5 2.7 197.3 2.6
Delinator post Not calculating detection range
Marker
10.1 10. . 4. .
(OM1-3) 0.16 0.0 3.0 304.8 3.9
Exit sign ﬁ”q
Tunnel fan 3078 | 50 | 20 | 3278 | 42
Hydrant ngz
Lane control light | 4.18 | 100 | 27 | 1129 [ 15
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Table 8 Appearance invariance score (.5)

Road facility 5° s S?
Road sign 3 2 1 2.0
Traffic sign
2 2.
(Warning) 3 3 7
Traffic sign
(Regulatory) 2 3 2 23
Traffic sign
(Guide) 2 3 2 23
Chevron 3 3 3 3.0
Road mark 2 2 2 2.0
Lane mark 3 3 3 3.0
Marker
(OM-3L) 3 2 3 2.7
Marker
(OM1-3) 3 3 3 3.0
Tunnel fan 2 2 2 2.0

Lane control light 3 3 2.7
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Table 10 Map matchability score

Road facility Installation gap(m) M Reference
Road sign >5 10.0 18)
Traffic sign
(Warning) 73 10.0
Traffic sign
(Regulatory) 73 10.0 19)
Traffic sign
>
(Guide) > 10.0
Delinator 5~50 10.0 20)
Chevron 8~45 10.0 20)
Road mark >5 10.0 21)
Lane mark longitudinal: >10 70 2)
lateral: 3.5
Marker
>
(OM-3L) 5 10.0 20)
Delinator post 2~10 4.0 20)
Marker
(OM1-3) >5 10.0 20)
Exit sign >5 10.0 23)
longitudinal: >10
Tunnel fan lateral: 3.5 7.0 26)
Hydrant >5 10.0 No rules
Lane control longitudinal: 10
light lateral: 3.5 70 28)
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Table 11 Relative localization robustness score of a road facility

>

AE AE 2N W 9] XFEVAS T
= Z

=, 2 (10000 o8l A At 4

2k ZE A B A 2] Ee] @At g 9] 3
T Table 119] 40 A A3} row 7} Ald Eof A
Al 0] @ AHE-0.1 ~ 0.1 m*H $1 Woll 1 em 7HA 0 = s}
A71A F9] FERAE SASAE ALE T =1
of Al AT} AR EA A ] A9 dR]=]7H0m
= nAola Ao AR 7] EE ThsAd o] vk whebA]
S Al B0 Aol Aol L5 0mE A

Qi) Table 112] 4
7} AR el g A A
o=

o] 4] 3ol €]

2 7

M

o
>

H’“E_@
fo

N
)
i)
fo
4z
E |o
b
to
)
NofN
N
=
1o
(0w
N
=

o
' o

1

Al

=
:f.?ljt
>

d

)

11

i)
_OL
(21
iy}
0
£z
4o
1o

Sy
)

o
r

N
=
me oo N

ox
O
ol
=2
2
S
>
N
=2
=
2
s
oL T
do
=2
2
(e
s
)
)
W |o
e
to
2,

e
o,
>
N
g
2
0%
)
i
d
to
)
o
=]
AN
24
il
o ox
o o
£ 8

X, 38 38

—|~
i

u)
ot
o
2

3
il
s
M
¢
=2
>
rlr
1]
Y
=
)
10
K
ki
it 1;‘43 A3)
W o
B R
B ol
HN
ﬂ

4 L
o
o

1o
wn
(L
X
oA
A<
L
0
_>|J_|‘
ok
E
o
o L
lo, O

o o [T
=2
=
i)
2
i)
4 & (g
T
K

&
o
2]
=2
-
=2
[Tt
o Lo

o
fol
off
X
‘-‘l
S
[o
N
)
olf
o,
o
H

™,

=2 =

9
> ol

40

fil
i
i)

4

o] g akejo) wEk(of: 7} i 7h4) oF
9lo] 74| 2} ZF= © 2F7F @Al sk 2= 9t} Table 112) 59

- Installation Minimum Standard deviation of relative localization
Road facility . . P
height (m) detectable distance o o° o
Road sign 5.0 21.0 0.19 0.73 0.13 9.3
Traffic sign (Warning) 2.0 9.4 0.69 1.30 0.21 8.5
Traffic sign (Regulatory) 2.0 113 0.30 0.63 0.11 9.3
Traffic sign (Guide) 2.0 9.1 0.67 1.22 0.19 8.6
Delinator Excluded in this simulation because of low detectability
Chevron 1.2 49 1.17 2.02 0.25 7.7
Road mark 6.7 0.0 0.33 0.06 9.7
Lane mark 0 8.3 0.0 0.69 0.11 9.5
Marker (OM-3L) 1.2 15.7 227 41.30 1.04 0
Delinator post Excluded in this simulation because of low detectability
Marker (OM1-3) 128 | 157 R [ 66177 ] 159 | 0
Exit sign Excluded in this simulation because of low detectability
Tunnel fan 5.0 \ 157 [ o017 ] os0 [ 009 [ 95
Hydrant Excluded in this simulation because of low detectability
Lane control light 50 | 147 [ o3 ] 03 [ 007 | 96
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- Side No. of Feature Minimum Standard deviation of global localization
Road facility . . P
length(m) points detectable distance o o
Road sign 2.8 4 21.0 1.76 333 491
Traffic sign (Warning) No. of Feature points <4
Traffic sign (Regulatory) No. of Feature points <4
Traffic sign (Guide) ] 4 \ \ 0.74 \ 1.65 | 761
Delinator Excluded in this simulation because of low detectability
Chevron 05 | 4 \ \ 0 \ 321 D
Road mark No. of Feature points <4
Lane mark No. of Feature points <4
Marker (OM-3L) 07 | 4 \ 157 \ 0 \ 6.57 EE
Delinator post Excluded in this simulation because of low detectability
Marker (OM1-3) 04 | 4 \ 157 \ 1.34 \ 5.10 | 336
Exit sign Excluded in this simulation because of low detectability
Tunnel fan No. of Feature points <4
Hydrant Excluded in this simulation because of low detectability
Lane control light 0.4 4 14.7 0 5.94 4.06
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Table 13 Vehicle localization robustness score

. Installation Minimum Relative/global localization score
Road facility . . - P
height (m) detectable distance P P
Road sign 5.0 21.0 9.3 49 9.3
Traffic sign (Warning) 2.0 9.4 8.5 - 8.5
Traffic sign (Regulatory) 2.0 11.3 9.3 - 9.3
Traffic sign (Guide) 2.0 9.1 8.6 7.6 8.6
Delinator Excluded in this simulation because of low detectability
Chevron 1.2 4.9 7.7 6.8 7.7
Road mark 0 6.7 9.7 - 9.7
Lane mark 0 8.3 9.5 - 9.5
Marker (OM-3L) 1.2 15.7 0 34 34
Delinator post Excluded in this simulation because of low detectability
Marker (OM1-3) 1.28 | 157 | 0 | 36 [ 36
Exit sign Excluded in this simulation because of low detectability
Tunnel fan 5.0 \ 157 \ 9.5 \ - [ 95
Hydrant Excluded in this simulation because of low detectability
Lane control light 5.0 ‘ 14.7 ‘ 9.6 ‘ 4.1 ‘ 9.6
Table 14 Observation frequency score 3.6 =03 X EHM(Landmark suitability)
Road facility No. of Observation r HEHow denta AFAAS Ay 98 2 3
observation per lkm i - e = o] 5 -
o, k<l =z= = o = Z =
Roadsign 65 15 15 7}-0_‘oﬂ \:]-]‘_7]—?X]E S 22 o ] L_Tf:7]'a°ﬂ7ﬂ ]’TI:O]'
Traffic sign " 06 06 of FlE 4 gEEE FREE SHA(MS T2, F
(Warning) ' ' L, BE, TadA &, B YR hre] AEsta,
Rea 96 23 23 o Ashs BEeel A S AU AR $3
Traffic sign | 00 00 Aol d-itol A48 2 &) g F3x+=
(Guide) ‘ ' Fig. 83} T} Fig. 8(a) & X AE7HE2] ATFEok= Al
Deinator % 2l 2! AE I E R NEAY, A& FPR Ao] 21
Chevron 47 1.1 1.1
AHE @ AR A D) o A AR & 2
Road mark 106 25 25 ]EE_K S = ] 3 O‘L]— ‘_,ﬂoﬂ T Al ]’ ] =
Lane mark - - 10.0 WzFstolt), AETFES] AT B Y2 tiFE 104 o]
Marker “ 0 i Aol Ad7| ke Ul S} AE R Bl 7] B ol
AL = — — 9tk Table 153 37k G508 74539} o] 2 W et 7}
elinator post . . - _ = B
Matker Al E ] HF A A4S BolETh Table 159] H7F
(OM1-3) " 03 03 G o] £A7E gl thek 7hEA 1 E A
Exit sign 39 0.9 0.9 7VEX7F 22 A ekt
Tunnel fan 16 04 04 Table 155 W7l A}2 FA]A0] AR w7} =31 59
Hydrant 43 1.0 1.0
P— Z717g0] ot Z9lol bg MY B2 ANNER 97
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9 ARl A o] 29 A 2glo] UE we A7} 5
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Table 15 Landmark suitability

(c) Affiliated institution

Road facility o M o F 5
(0.253) (0.253) (0.250) (0.245) (Suitability)
Road sign 10 1.5 10 9.3 7.7
Traffic sign (Warning) 7.3 0.6 10 8.5 6.6
Traffic sign (Regulatory) 8.4 23 10 9.3 7.5
Traffic sign (Guide) 5.7 0 10 8.6 6.1
Delinator Excluded in this simulation because of low detectability
Chevron 1.3 1.1 10 7.7 5.0
Road mark 1.4 2.5 10 9.7 5.9
Lane mark 6.4 10 7 9.5 8.2
Marker (OM-3L) 2.6 1 10 34 43
Delinator post Excluded in this simulation because of low detectability
Marker (OM1-3) 39 \ 03 \ 10 \ 3.6 45
Exit sign Excluded in this simulation because of low detectability
Tunnel fan 4.2 \ 0.4 \ 7 \ 9.5 \ 53
Hydrant Excluded in this simulation because of low detectability
Lane control light 15 \ 0.3 \ 7 \ 9.6 \ 4.6
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Landmark Suitability Evaluation of Road Facilities in Highway for Monocular Camera-based Precise Vehicle Localization System
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