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ABSTRACT

The Republic of Korea aims to complete the commercialisation of Level 4+ cooperative autonomous driving
in 2027. It also plans to include V2X OBU in the K—NCAP evaluation items. Therefore, communication
performance safety evaluation criteria for V2X OBU need to be established, and an OBU with necessary
functions is needed to develop V2X communication performance safety evaluation technology for vehicles.
In this study, we implemented a V2X OBU control board prototype that can be used to develop a V2X
communication performance safety evaluation technology for Level 4+ autonomous vehicles, and confirmed
that the control board prototype works normally.
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Fig. 1 A typical V2X OBU structure™

Table 1 V2X OBU physical interface

Interface Model
A B C D E F
CAN 3 1 1 2 1 2
GPIO 4 X 1 2 X X
OBD-1I 1 X 1 X X X
GNSS 1 1 1 1 1 1
Acceleration X X 1 X X <
Gyroscope X X 1 X X X
Magnetic X X 1 X X X
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Fig. 2 V2X OBU control board prototype

Table 2 V2X OBU control board external interfaces
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Fig. 3 V2X OBU control board block diagram

Interface Protocol Description Table 3 V2X OBU control board emulation modes
IGN ON/OFF Ignition
Speed Pulse Speed Sensor Mode Description
RPM Pulse RPM Sensor A V2X Raw Data Generation Stop
Brake ON/OFF Brake Status B Generating V2X Raw Data
at Every 100 ms Interval
CAN #1, #2 250 Kbps, 500 Kbps -
CAN C Generating V2X Raw Data
CAN_FD Ext. CAN at Every User's Time Interval
KWP KWP 2000 EOL D Generating V2X Raw Data
UART Serial for Ext. Device when Vehicle Event Occurs
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Table 4 V2X OBU control board commands

Command Description
VI Configuration and Status Monitoring
VT Emulation Mode Selection
VB Raw Data Message
VvV Vehicle and Other Information Monitoring
VW Configuration Information Setting

Table 5 V2X OBU control board message format

| Header Payload Trailer

Parameter Byte Parameter Byte

Packet Size 1 Checksum 1

Device ID Packet Stop 1
Data Length

ISR

Command

Table 6 VI response message elements

Category Data Element Byte
OBU Model 20
VIN 17
Vehicle Number 12
Payload Type Approval Number 10
Serial Number 14
Status Information 2
Reserved 9
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Table 7 VT command message elements Sk VW 9% #IAA dlolE -zelt.
Category Data Element Byte 4. V2X %%7] %/‘\J/‘é% Té 7]_ /\] L]_\j/]g
Emulation Mode 20
A Mode 17 Ao} MER V2X W] SRS i oy Bt
Payload B Mode 12 2 Slajo] VaX B A2 @7 AFg B4, VaX e
€ Mode 10 A% B AR 71E B, VX W @47} a7 24,
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Table 8 VB response message elements
Category Data Element Byte Table 9 VV response/VW command message elements
Sequence Number 1
- Category Data Element Byte
Time Stamp 2
Model 20
LAT, LNG 8
VIN 17
Elevation 2
— Vehicle Number 12
Transmission Status 1
. Type Approval Number 10
Vehicle Speed 2 -
- Serial Number 14
Vehicle Heading 2 -
- Vehicle Type 2
Steering Wheel Angle 1 —
— - Payload Vehicle Purpose 2
Longitudinal Acceleration 2
Fuel 1
Lateral Acceleration 2 - -
- - Vehicle Width 2
Vertical Acceleration 2 -
Vehicle Length 2
Yaw 2
B K Factor 2
Payload Pitch 2
RPM Factor 2
Roll 2
Reserved 6
Brake Status 1
SC S 1 - .
T5C Status Table 10 V2X communication performance evaluation para—
ABS Status 1 meters
SCS Status 1 .
Parameter lab. Living Lab Road
Brake Boost Enable 1
BER versus SNR @) O O
Engine Brake Status 1 .
— BER versus Velocity, « O O
Vehicle Event 2 Antenna Location
Vehicle External Lights Status 2 FER versus Velocity
’ x
Vehicle Alert Light Status 2 Antenna Location ©
Throttle Position 1 RSSI O
Reserved 8 SNR versus Atten. O X X
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Fig. 5 Probe and target vehicle V2X OBU interaction for V2X communication performance evaluation

Table 11 V2X communication performance evaluation scenarios

Scenario lab Living Lab | Road
Hazard Light O O @)
Hard Brake X O O

Vehicle Crash

x x
(Collision or Rollover) ©
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