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ABSTRACT

Autonomous driving requires safe and efficient navigation in complex environments. This has led to an increased demand

for reliable test methods, where driving simulators are widely used to simulate sensors in autonomous vehicles. In addition,

the concept of digital twins, which combines real and simulated environments, is being applied to autonomous vehicles

for efficient and realistic testing. However, inaccuracies in vehicle modeling in simulators can lead to cumulative position

errors, especially during sharp maneuvers, undermining the reliability of test results. This paper presents a method to correct

cumulative errors in a driving simulator environment by synchronizing the vehicle position and orientation using navigation

data. The system periodically adjusts the vehicle dynamics in the simulator to reflect real-world dynamics, eliminating

cumulative position errors and narrowing the gap between the simulation and the real-world environments. This approach is

particularly effective for interaction-based tests such as Autonomous Emergency Braking (AEB), where position accuracy is

crucial. To demonstrate the feasibility of this mixed-reality system architecture, experiments were conducted in accordance

with the Euro-NCAP AEB protocol. The results illustrate the benefits of the proposed method in mitigating simulator errors

and enhancing the overall reliability of autonomous driving testing.
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1. INTRODUCTION

Q) 79 5eo] 2 7E, ol A5 AT 9T AW WY
o] tigl & 37} =75kl itk (Huang et al. 2016). o]of et &
AVl k] QP AT Bslel A AL g o
OFSh BARE 7 BAE BASHE A5 Eetoly A8
olg] 7]go] FHISIA AHGE AL Glrt. CarMaker (Schiegg et
al. 2019), Virtual Test Drive (Chen 2023), Mobility Research Al
(MORAI) (Envisioning the future of mobility 2024) 9} & =-uj
2] Eato|y) AlgE|olE] T3t olof th-S5) A& X A E
BAH= 714 Zddol 218 9kt 9t} (Sievers et al. 2018).
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Fig. 1. System architecture of the proposed mixed-reality methodology.
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7b =T} (Yu et al, 2022). Lef} HAE 91 EAo)A 2t
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Al ALsta Al 5 o)A & 4 It} (Kamalasanan et al. 2022).
. 27l Me EFA 7Rk o

A8 E9 A2 ol 7|HAE Ak 358 o] R 243
UAY EY, AP ZRES, Y A4 S M 3 91
2715} 5 EYRY FUL R PHESS ATk 4L A
P AT 2 HlE BAE ANk, BT R S o] R
Agolct

2. SYSTEM ARCHITECTURE
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Table 1. Transmission speed and capacity of driving simulator sensors.

Sensor Data volume per packet (kb) Transmission speed (ms)
LiDAR (16ch) 904 1.378
LiDAR (32ch) 1810 0.682
GPS 7.21 5.344
INS 5.43 9.994

Table 2. IONIQ5 specifications.

Parameter Value
Overall length 4,635 mm
Overall width 1,890 mm
Overall height 1,605 mm
Wheelbase 3,000 mm
Curb weight 2,015kg
Front tire 235mm, 19 inch
Rear tire 235 mm, 55, 19 inch Fig. 2. Experimental test vehicle and sensors for autonomous driving.

Table 3. Ouster OS2 128ch specifications.

Parameter Value
Range 80% Lambertian reflectivity, 2048 @ 10 Hz mode 240 m @ >50% detection probability, 100 kix sunlight
10% Lambertian reflectivity, 2048 @ 10 Hz mode 100 m @ >50% detection probability, 100 klx sunlight
Range accuracy +3 cm for Lambertian targets, 10 cm for retroreflectors
Range resolution 0.3 cm
Resolution Vertical resolution 128 channel
Horizontal resolution 512, 1024, 2048 configurable
1-30m:+2.5cm
Precision (10% Lambertian reflectivity, 2048 @ 10 Hz mode, 1 standard deviation) 30 - 60 m: +4 cm
>60 m: =8 cm
Vertical field of view 22.5°(+11.25°to -11.25°)
Horizontal field of view 360°
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Table4. CPT7 specifications.

Parameter Value
Signal tracking GPS L1C/A,L1C,L2C, L2P, L5
L-Band (primary RF only) Up to 5 channels
Single point L1/L2 1.2m
Performance SBAS 60cm
DGPS 40 cm
IMU raw data rate 100 or 400 Hz
Gyroscope performance Input rate (max) +325°/s
Accelerometer performance Range £20g

3.2 Driving Simulator
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3.3 Mixed Reality and Co-Simulation
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3.4 Autonomous Emergency Braking Using Time to
Collision
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4. EXPERIMENT

4.1 Experiment Between Simulator-Alone and Mixed
Reality
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(@)

(b)

Fig. 3. Digital Twin in K-CITY: (a) a real vehicle in real environment, and (b) a virtual vehicle in driving simulator with digital twin of (a).

Fig. 4. ISO 8855-2011 (2011) vehicle axis system: the x-axis pointing
forward, the y-axis to the side, and the z-axis upward.
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4.2 Comparative Analysis Between Simulator-Only
and Mixed Reality
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Organization for Standardization (ISO) 8855-2011 (2011) &A] 7|
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Fig. 5. Comparison of acceleration data in the X direction between two
environments (blue: mixed reality, red: simulator). The difference in braking
time between the two environments is observed.

Fig. 6. Comparison of acceleration data in the Y direction between two
environments. The lateral vibrations caused by the ABS are observed in the
mixed-reality environment, in contrast to the simulation-only environment.
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Fig. 7. Comparison of acceleration data in the Z direction between two
environments. The nose-dive phenomenon and vibration recovery of the
vehicle are observed in the mixed-reality environment, in contrast to the
simulation-only environment.
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