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ABSTRACT

Autonomous vehicle is a car which drives itself without any human interaction. SAE provides technical

definitions for autonomous and international standards for test evaluation. Accordingly, automobile industry is

actively researching development and evaluation of various ADAS (Advanced Driver Assistance Systems),

representative technology of autonomous technology. Recently, ADAS is in the commercialization level such as
ACC, LKAS, AEB, and HDA etc. And it also has issues about safety evaluation. The purpose of HDA in ADAS
is reduced the driving load on highway. It has a function which can maintain lane keeping and control distance

from forward vehicle.

This function is evaluated to be useful for accident prevention. Therefore, this paper

proposes the safety evaluation scenario of HDA, considering the domestic highway design criteria and the

situation that may arise on the actual highway. We compared and analyzed the data acquired through simulation

and actual vehicle test. And verified the reliability of the proposed safety evaluation scenario. The verified result

1s expected safety evaluation of HDA is possible even under the bad condition, which cannot be tested.
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Table 1 Published standards

ISO/TC 204 Intelligent Transport Systems
ISO 15622 : 2018 Adaptive cruise control systems
1SO 15623 : 2016 Forward vehicle collision warning
systems

ISO 16787 : 2017 Assisted parking system (APS)
ISO 17361 : 2017 Lane departure warning systems

. Pedestrian detection and collision
150 19237 : 2017 mitigation systems (PDCMS)

) Partially automated parking
ISO 20900 : 2019 systems (PAPS)

Table 2 Standards under development

ISO/TC 204 Intelligent Transport Systems
Partially automated lane change
systems (PALS) — Functional /
operational requirements and test
procedures

ISO/DIS 21202

Bicyclist detection and collision
mitigation systems (BDCMS) —

ISODIS 22078 Performance requirements and test
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Table 3 Vehicle for highway design criteria

Length Width Height Minimum rotate curve

16.7m 2.5m 4.0m 12.0m

Table 4 Lane width for highway design criteria

Minimum lane width
Road
Local Urban Small—car road
Highway 3.50m 3.50m 3.25m

Table 5 Curve radius for highway design criteria

procedures
Automated valet parking systems Minimum curve radius
(AVPS) — System framework, Velocity -
1S0/AWI 23374 communication interface, and (km/h) Maximum slope
vehicle operation 6% 7% 8%
Collision evasive lateral manoeuvre 120 710 m 670 m 630 m
ISO/AWI 23375 systems (CELM) — Performance 110 600 m 560 m 530 m
requirements and test procedures
Vehicle—to—vehicle intersection 100 460 m 440m 420m
ISO/AWI 23376 collision warning systems (VVICW) 90 380 m 360 m 340 m
— Performance requirements and 30 280 m 265m 250 m
test procedures
1SO 20900 : 2019 Partially automated parking 70 200m 190m 180m
' systems (PAPS) 60 140 m 135m 130 m
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No Lead
vehice
Lead
vehicle
Lane
change
Toll-gate

Fig. 1 Summary of HDA scenario

Table 6 HDA scenario condition

Scenario no. Condition

Scenario 1 No lead vehicle, Straight
Scenario 2 No lead vehicle, Ramp
Scenario 3 No lead vehicle, Curve
Scenario 4 Lead vehicle, Side lane, Straight
Scenario 5 Lead vehicle, Side lane, Curve

Scenario 6 Lead vehicle, Main lane, Straight

Scenario 7 Lead vehicle, Main lane, Ramp
Scenario 8 Lead vehicle, Main lane, Curve
Scenario 9 Lane change, Cut—in, Straight

Scenario 10 Lane change, Cut—in, Curve

Scenario 11 Lane change, Cut—out, Straight

Scenario 12 Lane change, Cut—out, Curve

Scenario 13 Toll—gate

2.2.1. AR 14 H7F Al L At

A sk Avke o AAAES Jas] T,
=4 Brkshe Aute eole Aute
g R BN AATHE FAsE
ol ar, Autele 2 APl gl BRI BxT

e FAs aolth, Aukel e 3¢ AR ¢l
Aol AT Tk Bael, Ao e

, M4s, 2019

oA 9] HDA A|dH7} who] 3k A+

09;5
N
)
o, off

o] & APl = 4
E}. (3 4|21 5 4% )
A 34UE 2 6
AR 9 4 A a7
2ol Al e 7 x
RS
Bl:o] ol x}A oﬂ 9=

> 2 9
["_uo>~_t,0§i_|_,
F]Fo::o‘\g‘_“_{—d

2,
% 3o fIf
fr
o2 [‘10
O:::
RN
ol
o
=
o

—|—‘

T A o o [
ol

o fo

N
o2
13&
ox
otk
o
41 i)

2.2.2. AW g3 H7F AL At

AQrshe Alvte] = ekl Ao A Al S
2Fe] Q1A% FF8 Hrlele Ao R, AU 9¢
AgapeFo] Cut—indte Aoz AALHS F35)+=
Faolar, Ayl 2 102 A dateo] Cut—indte 332

2 397 Feke Aot AL 112 At
o] Cut—outdts= AFo g AM47hs Fdsh= At
gloon, Auge 12+ Adako] Cut—outd-=ol A
FAFE TP b= dsolt)

2.2.3. EAO|E F} A3 Hub Alde] L Aok

3. Prescans o|-&3k Al&d|o]Ad W Aok

AQteh= Al &8 AlE# el dst7] Al ARESE A&
L E 9 o]= Prescan®]t}h. Prescans ADAS 7H-S $3)
AEEE AFUoH BAFOR 127 AFEA el
0]2~(GUIL, Graphical User Interface)S E3l AlUg]E
T3 ANE 29 3 5 9lon] Matlab/Simulink
AEF o] 25 Eolf Ao} A 2~Hlg AAAS] etE W
A8 4 et Bnk o e} Ak 2 G s gk o7 ElA
(architecture)”} XE3t= oo HILS(Hardware In Loop
Simulation) 2 =74 AlE#HCIH HAEE 93] 7]& Al
Yol H AR st=gojef AXTtoE AlEd o]
star QI Fol~ & 4= e FHES 7HA AL Q)

_{

3.1. AlEE A

N
)
ol

2F2E-S Prescanol| Al A 3-8l

ta
o)
N

41



e A

Audi A8S A =1, o] g AxAE Aoz A
A8 G0} Aol 7 ]*o}oq A ET o) 4 Aol A

A AFY FAE SR 4= ok Bl 7] wiol
o}, Audi A8%} Genesis G90«] 2d A Ye Huste] of
#f| Table 7¢l WeRfSATh

Table 7 Audi A8 and Genesis G90 specification

Specification Audi A8 Genesis G90
Length 5,210 mm 5,205 mm
Width 2,040 mm 1,915 mm
Height 1,440 mm 1,495 mm
Roll friction coefficient 0.01 -
Drag coefficient 0.27 0.27
Mass 1,820 kg 2,130 kg
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Table 8 Simulation sensor specification
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Table 10 Simulation environment

Environment
Air density 1.28 kg/m”
Gravitation 9.81 m/s”
Air temperature 20C
Atmospheric pressure 101.33 kPa
Air humidity 10.00%

Sensor spec.

Lane Frame rate : 10 Hz
maker FOV azimuth : 46.2 deg
FOV azimuth : 45.0 deg
TIS Beam range & angle : 150 m at 9.0 deg.
Beam range & angle : 30 m at 80 deg.
Horizontal Resolution : 500 pix
Camera Vertical Resolution : 375 pix

FOV in azimuth : 46.2 deg

Table 9 Actual vehicle test sensor specification

Sensor spec.

Horizontal Field of View
Mid—range & angle : 60m at 45 deg
Long—range & angle : 174m at 10 deg

ESR 2.5

Horizontal Resolution : 1280 pix
Vertical Resolution : 672 pix
Angle of view : D55, H45, V34

Camera
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Fig. 2 HDA algorithm in matlab/simulink
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Fig. 13 Genesis G90 for actual vehicle test
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Fig. 14 Equipment for actual vehicle —test

Table 11 Equipment specification

Equipment spec.

e Single antenna model

o Velocity Acuuracy : 0.05 km/h RMS

e Roll, Pitch : 0.03 deg, Heading 0.1 deg
e GPS Acuuracy : 2cm RMS

RT3002

o [EPE 2ch, STG 6ch, CAN 9ch

SIRIUS e Strain Ranges @ 2mV/V with Dual

RTMzps e High—level communication protocol

e Multi—rate modeling
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Fig. 15 Gyeongbu highway (East Daegu - Gyeongsan TG)

Table 12 Gyeongbu highway road condition

No. Scenario Condition

1 DaeguTG Velocity 30 km/h

2 Rmap Radius: 240 m, Velocity 40 km/h
3 Rmap Radius: 120 m, Velocity 40 km/h
4 Rmap Radius: 340 m, Velocity 60 km/h
5 Straight 850 m, Velocity 40 km/h

6 Straight 2100 m, Velocity 100 km/h

7 Curve Radius: 750 m, Velocity 100 km/h
8 Straight 1200 m, Velocity 100 km/h

9 Curve Radius: 750 m, Velocity 100 km/h
10 Rmap Radius: 350 m, Velocity 40 km/h
11 Rmap Radius: 130 m, Velocity 40 km/h
12 | GyeongsanTG Velocity 30 km/h

Table 13 Actual vehicle test environment

Environment
Air density 1.17 kg/m’
Gravitation 9.81 my/s”
Air temperature 30C
Atmospheric pressure 101.33 kPa
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Table 14 Result data of simulation and actual vehicle test
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Table 15 Deviation of simulation and actual vehicle test

g a7

Scenario Data Deviation

Velocity 0.32 km/h

1 Heading 1.65 deg
Lane Distance 0.18 m

Velocity 0.25 km/h

3 Heading 4.64 deg
Lane Distance 0.21 m

Velocity 0.57 km/h

4 Heading 0.29 deg
Lane Distance 0.46 m

Velocity 1.05 km/h

5 Heading 1.0 deg
Lane Distance 0.45 deg

Velocity 5.46 km/h

6 Heading 1.19 deg
Lane Distance 0.03 m

Velocity 4.09 km/h

8 Heading 3.62 deg
Lane Distance 0.29 m

Velocity 4.54 km/h

9 Heading 1.25 deg
Lane Distance 0.19 m

Velocity 1.67 km/h

10 Heading 2.62 deg
Lane Distance 0.12 m

Velocity 2.31 km/h

11 Heading 0.60 deg
Lane Distance 0.08 m

Velocity 4.28 km/h

12 Heading 0.30 deg
Lane Distance 0.18 m

Scenario Data Simulation ve}ﬁcclt:ilest
Velocity 87.34km/h 87.66 km/h
1 Heading 0.081deg 1.73 deg
Lane Distance 0.077m 0.197 m
Velocity 87.34km/h 87.59 km/h
3 Heading 20.26deg 15.62 deg
Lane Distance 0.17m 0.12 m
Velocity 87.54km/h 87.66 km/h
4 Heading 0.002deg 0.29 deg
Lane Distance 0.075m 0.329 m
Velocity 87.34 km/h | 87.59 km/h
5 Heading 18.62 deg 19.62 deg
Lane Distance 0.17 m 0.35 m
Velocity 72.10 km/h | 66.64 km/h
6 Heading 0.15 deg 1.34 deg
Lane Distance 0.105 m 0.079 m
Velocity 72.23 km/h | 68.15 km/h
8 Heading 34.94 deg 27.70 deg
Lane Distance 0.175 m 0.234 m
Velocity 67.04 km/h | 62.50 km/h
9 Heading 0.29 deg 1.25 deg
Lane Distance 0.112 m 0.239 m
Velocity 65.57 kmv/h | 63.90 kmv/h
10 Heading 30.79 deg 28.17 deg
Lane Distance 0.182 m 0.239 m
Velocity 69.71 km/h | 67.39 km/h
11 Heading 0.20 deg 0.80 deg
Lane Distance 0.103 m 0.137 m
Velocity 67.86 km/h | 62.78 km/h
12 Heading 33.32 deg 33.02 deg
Lane Distance 0.176 m 0.293 m
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