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ABSTRACT

In order to ensure reliability the high-level automated driving such as Advanced Driver Assistance System (ADAS) and

universal robot taxi provided by autonomous driving systems, the operation with high integrity must be generated within

the defined Operation Design Domain (ODD). For this, the position and posture accuracy requirements of autonomous

driving systems based on the safety driving requirements for autonomous vehicles and domestic road geometry standard are

necessarily demanded. This paper presents localization requirements for safe road driving of autonomous ground vehicles

based on the requirements of the positioning system installed on autonomous vehicle systems, the domestic road geometry

standard and the dimensions of the vehicle to be designed. Based on this, 4 Protection Levels (PLs) such as longitudinal,

lateral, vertical PLs, and attitude PL are calculated. The calculated results reveal that the PLs are more strict to urban roads

than highways. The defined requirements can be used as a basis for guaranteeing the minimum reliability of the designed

autonomous driving system on roads.
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SAE
Level

Name Narrative Definition

Human driver Monitors the driving environment

by waring of intervention systems

Driver
Assistance

aspects of the dynamic driving task

Partial deceleration using information about the driving

appropriately to a request to intervene

request to intervene

human driver

N the full-time performance by the human driver of all
o Auton?ation aspects of the dynamic driving task, even when enhanced

Automation environment and with the expectation that the human
driver perform all remaining aspects of the dynamic driving
task

Automated driving system (“system”)monitors the driving environment [ NNEGTGTGNNEy

the driving mode-specific performance by an automated
Conditional driving system of all aspects of the dynamic driving task
Automation  with the expectation that the human driver will respond

g:(ee:rlijrtli;g: (: ﬂg?girfit‘)’li'i':lg Pe':fat::'l:r?: rl:ce Cfl%:fi:?ty
Acceleration/ Environm egnt of Dynamic (Driving
Deceleration Driving Task Modes)

Human driver =~ Human driver = Human driver

the driving mode-specific execution by a driver assistance
system of either steering or acceleration/deceleration using
information about the drivin environment and with the
expectation that the human driver perform all remaining

Human driver E 2 Some driving
and system Human driver Human driver i

the driving mode-specific execution by one or more driver
assistance systems of both steering and acceleration/

Some driving

System Human driver Human driver SR

Some driving

System System Human driver Fiodae

the driving mode-specific performance by an automated
High driving system of all aspects of the dynamic driving task,
Automation  even if a human driver does not respond appropriately to a

Some driving

System System System modes

the full-time performance by an automated driving system
Full of all aspects of the dynamic driving task under all roadway
Automation  and environmental conditions that can be managed by a

All driving

System System System Todes

Fig. 1. Summary of level of autonomy defined by SAE international in J3016 (SAE 2014).
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Fig. 2. Classification of ADAS from a control system perspective (Mobility
insider 2020).
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Fig. 3. Definition of localization protection levels for automotive
applications (Reid et al. 2019).

Table 1. Specifications by road type in Korea.

Design speed (km/h) Design lane
Maximum  Average  Minimum width (m)
Highway 120 100 80 350
Local road 80 60 40 3.25
of glch. wheba] £ A58} 47 ADASS HA| aTARYE A

ofsheu] 51 ADAS BES| 2 PARES X485t o] 7Hssl
oF. weba] = Refl Al 515 ADAS 5 % Fig. 204 271 2t
B3} A 250} glo} Fu U WA} HEE Bl
Q8P| AHEEE ACC, AEB, LKAS®] 2|98} 4% 702 7]
Bho2 o 2153 S50] ADASS] 29] 8 TARY A A%
shaa} gk,

2o AL Thet gk 2ol S ADS eHgA B
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Table 2. Specifications by vehicle type in Korea.

Width (m) Height(m) Length(m) Wellbase(m) Frontoverhang(m) Rearoverhang(m) Minimum turingradius (m)

Passenger car 1.7 2.0 4.7 2.7
Compact car 2.0 2.8 6.0 3.7
Full-size sedan 25 4.0 13.0 6.5
Semi-trailer 2.5 4.0 16.7 Front: 4.2
Rear: 9.0

0.8 1.2 6.0
1.0 13 7.0
2.5 4.0 12.0
13 22 12.0

Lateral
Protection Level

4 wd

A,

V,

<>
Longitudinal
Protection
Level

Fig. 4. Bounding box geometry in a straight road.
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2. DEFINING AUTONOMOUS DRIVING
SYSTEM REQUIREMENTS

2.1 Overview of National Requirements Definition of
Korea
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2.2.1 Horizontal protection level in straight road
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Table 3. Lateral & longitudinal PL requirements for local roads and highways in straight

road.
Lateral PL (m) - - Longltlfdlnal PL — -
Maximum design speed (m) Average design speed (m) Minimum design speed (m)
Passenger car Highway 0.90 33.35 38.12 42.89
Local road 0.78 42.89 47.66 52.43
Compact car Highway 0.75 33.35 38.12 42.89
Local road 0.63 42.89 47.66 52.43

Table4. Lateral & longitudinal PL requirements for highways in curve.

Design speed: 120 km/h

Design speed: 100 km/h

Design speed: 80 km/h

Superelevation (%)~ "b"m)  Lon.PL(m) ILatPL(m) Lon.PL(m) LatPL(m) Lon.PL(m)
6 0.894 1.768 0.891 1771 0.885 1.776
Passenger car 7 0.894 1.769 0.890 1.772 0.884 1.776
8 0.893 1.769 0.890 1772 0.883 1.778
6 0.744 1.248 0.740 1251 0.734 1.256
Compact car 7 0.743 1.248 0.740 1251 0.733 1.256
8 0.743 1.249 0.739 1.251 0.732 1.257

Table 5. Lateral & longitudinal PL requirements for local road in curve.

Design speed: 80 km/h

Design speed: 60 km/h

Design speed: 40 km/h

Superelevation (%) — 5 m)  Lon.PL(m) LatPL(m) LonPL(m) ILatPL(m) Lon.PL(m)
6 0.762 1478 0.749 1.489 0.714 1517
Passenger car 7 0.761 1.479 0.748 1.490 0.709 1.521
8 0.760 1479 0.747 1.490 0.702 1,526
6 0.612 0.884 0.598 0.895 0.563 0.923
Compact car 7 0.611 0.884 0.597 0.896 0.557 0.927
8 0.610 10.895 0.596 0.897 0.550 0.933

Longitudinal
Protection

A Longitudinal PL-& A4 A3 4= it} AdA 1%

<2 120~80 km/h&

HlC 2 =

o1

qa5193c} AL 7%} Longitudinal PL-2 447 &&=

80~40 km/hZ

Z
2]
Q]2 U0 ofofo] PLof| &3HS oF 4 9Jt}.

2.2.2 Horizontal protection level in curve

=4 —‘rL7]—0ﬂA-]_J Lateral & Longitudinal PL-& ACC, LKAS ¥

7} AlU8] 2 % Curve capability testS THSA| 7ok 511, 2 7]
s}t :rLZS F BAAL AR R =2 YU 9] & AP R
£ oluf AL EL 4212 Horizontal Protection Level

A
ASE S SR =)

20 km/h T2

Fig. 5. Bounding box geometry in curve.
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et al. 2017).
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o Fol Yo £5% EXV AYERE FYT Al Lateral PL
o] 7} AAsHA AFEEE & 4 Urt th& o 2 Longitudinal
PLO] 749 Eq. (o4 23 Bo] B8] gh7le] Ahgo] Faks
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oA AAE 1yt

£ WA} Ajake] AR 7L AL 2okl 93
Ao g Mo A ¢ Longitudinal PLE £ 2 AA &L
Q) oJsRS ubr}
2.3. Attitude Protection Level - Heading

2178 A28 Attitude PLE AASH=E glo] Fa3
S33FQ12}= Yaw, Yaw rate, Side slip angle S-o]t} (Cho et al.
2007). 91 AAE F WA FALRA] L FE A
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Table 6. Localization requirements for highway in Korea.

Design speed: 120 km/h

Design speed: 100 km/h

Design speed: 80 km/h

Head PL (di

Lat. PL(m)  Lon, PL(m)  lat, PL(m)  Lon, PL(m)  lat, PL(m)  Lon, PL(m) c2dPL(degrec)
Passenger car 0.786 1.723 0.782 1.726 0.776 1.731 1.5
Compact car 0.632 1.203 0.628 1.205 0.622 1.211 1.5
Table7. Localization requirements for local road in Korea.

Desi d: 100 km/h Desi d: 80 km/h Desi d: 60 km/h
esign spee / esign spee / esign spee / Head PL (degree)

Lat,,, PL (m) Lon,,,, PL (m) Lat,,, PL (m) Lon,,, PL (m) Lat,,, PL (m) Lon,,, PL (m)
Passenger car 0.728 1.465 0.715 1.476 0.675 1.507 0.5
Compact car 0.577 0.885 0.563 0.882 0.523 0.914 0.5

Lateral
Protection Level

Y — — JCombined
Protection Level
Strictly designed Heading PL
o elnisidai iy

, ‘
/

Fig. 6. Heading PL definition and trade-off relationship between heading
PL and horizontal PL.
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Pitch, Roll 3} = Yaw (Heading) g}-=-of tjsl PL A& 4345}
o},

Heading PL-& Fig. 622 ¥ 313)5 0] Horizontal PL9} Trade—
off Aol Fof ¢l em, Heading PL 7|55 olF-5A 28514,
Fig. 62] combined PL 73 #] AXx}7} Zro}x] o] & ¢15} Horizontal
PLe| 7]0] U AT} wata 443t Heading PLO] AA| 2
Horizontal PL9] u}Z1-& &2 ajjof sttt o]uf], ADAS - LKAS 7]
50] 43 Uuf Eaclost A4 o[Fe Fashl B gle
o, 245 g 2702 4§24 B4 F DU AMSE 2 7}
PR (jerk) ol 224 3 mis, 5 mis WA ek A2 4 ofsla
ot} (ISO 11270 2014). =Foj 4] A|ot5H= Lateral PL-& LKAS 7]
5o AA| =7l &5}, Heading PL2 LKASS] Agk 275 ¥
Q@sl7loll & o critical & LANRYe] £3it}. wetA] Heading PLE.
c} Lateral PLo| o] of-f-2-& ulRl& Z2HS 4 QI =& Fig. 69] ¢
ZA5HA| AdA Rt Heading PL 2]l 7P ESE 7+ PLE AR}

Trade-off WAS 1285}x] &+-& Arel2] Horizontal PL 73
Al J2He X=[x,y,2]"e} A <] gHtA Trade-off A4S 123t 7
A ke X=[x,y,z]'2 YeRd 4 glok % bound box Abe]
o] PAAL S| APE RE AHESo] Egs. B-5E BT 4 9L
t}. Heading PL-& AA5}7] $§t Heading $HA] Z+&= & dyo|d,
Lateral PL¥} Longitudinal PL-& 4=419] HolE 93} 242} 6.9,

g 275k}

N
Y,
o
T

Fig. 7. Height limit clearance.

X = R(&£6Y)X’ (3)
_ [cos(£6y) —sin(+6y)
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o17] 4] Trade-off TAIE 71 =A WFIsIH +cos(xoy)—1,
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4 Slch
,_[1 =6y
X'= [&p V] (6)
6lat = Latcom PL = 61at - (6lon + ld/Z)&l)
51011 = Loncom PL = 61011 - (6lat + “)d/z)&p (7)

Heading PL-& Reid et al. (2019)2] 7-& Syt A a}p 217+
S 15l TEER 15, QHIER 055 AASk Qi) o] &
Z-goto] THAL 7% ol 341 7ol A Lat,, PL,
Lon,,, PL, Head PL-& Tables 6, 73} 2t}

2.4, Vertical Protection Level

Ae-F3Y A AE0] @ JLALS) PL £ Vertical PLE Fig. 73} 7+
o] WHER BL A T2ER olsje] ol Agto] WAKE
28 cazgA gl B WA 28 Fehe gelels 2
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o TOo8 Q5 REOIF AL 42 m, 2YAE 2 PP}

http://www.ipnt.or.kr



394 JPNT 11(4), 389-395 (2022)

Table 8. Localization requirements in Korea.

Highway - 100 km/h

Local road - 80 km/h

Head PL

Lat,, PL(m) Lon,,PL(m) Lat,,PL(m) Lon,,PL(m) Highway(degree) Local oad (degree) VerticalPL (m)
Passenger car 0.782 1.726 0.675 1.507 15 05 1
Compact car 0.628 1.205 0.523 0.914
9] wEFgol WA A PPAEATF 37 7Fe T Aol L& 5] oy FHo] Qi
3 m7}HA] 8185131 QIth Reid et al. (2019)¢} Rehrl & Grochenig Y PLE SR =& TEst] AAISE @ AR A58 A&
(202D #A7)1& HEA 9 g e A RE/AdE A A Ho] FgRi7lEel FEstel AR 25 AFE Soto] A&
S18) AIEHA Eololl Yol A KE Foto] R AAS A Wl HE L AN Bl o YA WIES =Ystol
Qkstar Qlek. o] 5 4] 0 2 F351H Eq. (8)x) 2t HEA 2| A Urhaa shck
Vertical PL = min. vertical clearance X K (8)
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Hd NETA ol 3 moli ERME KE BAHOR
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