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Abstract : As the number of vehicles equipped with advanced safety devices increases, cases of malfunction and inoperable

are rapidly reported. As a result, a method of verifying normal operation by implementing conditions for activating advanced

safety devices in virtual driving spaces is being studied by public institutions. Virtual environment establishment and

simulation are essential for scenario development in order to inspect advanced safety devices. In this paper, activation

conditions were modeled through vehicle tests in order to develop advanced safety device inspection scenarios, established a

virtual driving environment using validated vehicle dynamics models and input-output conditions, and conducted advanced

safety device inspection simulations.
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Fig. 1 LDWS and LKAS inspection scenario
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Photo. 1 LDWS and LKAS inspection vehicle test

Table 1 LDWS inspection vehicle test analysis

L Lane crossing
Test Longitudinal | Lateral speed at dist ¢
es istance a
speed (km/h) warning (m/s) .
warning (m)
1 65.1 0.27 0.07
2 65.3 0.30 0.06
3 65.4 0.30 0.06
Average 65.27 0.29 0.0633
Standard 0.153 0.017 0.006
deviation
936 BIRAEABEE =23 A29A A10Z, 2021

Table 2 LKAS inspection vehicle test analysis

Test Longitudinal | Lateral speed at | Lane crossing at
speed (km/h) LKAS (m/s) LKAS (O, X)
1 65.2 0.30 X
2 65.5 0.32 X
3 64.9 0.29 X
Average 65.20 0.30
:;av?:t?zi 0.300 0.015

Fig. 2 Lane crossing distance measurement
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Fig. 3 FCWS and AEB inspection scenario
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Photo. 2 FCWS and AEB inspection vehicle test

Table 3 FCWS and AEB inspection vehicle test analysis

Test Longitudinal | Time to collision at | Time to collision at
speed(km/h) warning(s) AEB(s)
1 50.5 1.72 1.21
2 51.2 1.74 1.23
3 50.3 1.71 1.19
Average 50.67 1.72 1.21
s:]?;?;i 0.473 0.015 0.020
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Fig. 5 TV driving scenario

Table 4 ACC inspection vehicle test analysis

Acceleration | Constant speed | Deceleration Stop
Test | activation activation activation | activation
O, X) 0O, X) 6,X) 6, X)
1 (0] (0] (6] (0]
2 (0] (0] (6] (0]
3 (¢) (0] (6] (0]

Photo. 3 ACC inspection vehicle test
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Fig. 6 LDWS and LKAS inspection virtual road
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Table 5 LDWS and LKAS inspection virtual environment
input/output

Item Contents

Steering angle, deg
Steering torque, Nm
Input Left LDWS signal

Right LDWS signal
LKAS operating signal

Steering angle, deg
Steering torque, Nm
Lateral velocity, km/h
Lateral distance, m

Output

Yaw angle, deg

LDWS, LKAS

Fig. 7 LDWS and LKAS inspection virtual environment
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Fig. 8 FCWS and AEB inspection virtual road

Table 6 FCWS and AEB inspection virtual environment
input/output

Item Contents

Throttle opening angle, deg
Brake master cylinder pressure, MPa
Input Front vehicle and distance, m

Front vehicle detection
FCWS, AEB operating signal
SV longitudinal speed, km/h
SV longitudinal distance, m

Output K
P Lateral distance, m

Yaw angle, deg
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Table 7 ACC inspection virtual environment input/output

Item Contents

Throttle opening angle, deg
Brake master cylinder pressure, MPa

Input
Py Front vehicle and distance, m
Front vehicle detection
TV, SV longitudinal speed, km/h
Output TV, SV longitudinal distance, m

Lateral distance, m
Yaw angle, deg
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Fig. 10 ACC inspection virtual environment
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Fig. 11 LDWS and LKAS inspection simulation
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Fig. 12 LDWS and LKAS inspection simulation data
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Fig. 13 FCWS and AEB inspection simulation
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Fig. 15 ACC inspection simulation
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