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Remote Control Vehicle
Overview

Source : ISO/TC204 WG14 N1674

Re-starting after stopping on the shoulder at a station.
ﬂ The remote driver checks that there are no vehicles around,
@ especially from behind, and operates the "start" operation

RCV v
O Remote support when out of ODD due to rain,

g fog or other environmental conditions

g Passing through a region outside the ODD
Joining the priority road from a side road, no traffic lights by Dispatcher Input ( ISO 22737 )
The vehicle automatically stops at the stop line, dols
the remote driver checks the safety and "starts" the car.

m Out of ODD
..m

STOP
il ﬁ RCV

1S0 22737 :Intelligent transport systems —Low-spead automatad driving (LSAD) systems for pradefined routas —Performanceraquiraments, systemrequirements and performancetest procedures
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3GPP TR 22.886 v15.1.0 (2017-03)

3GPP TR 22.886 V15.1.0(2017-03)

Technical Report

3rd Generation Partnership Project;

Technical Specification Group Services and System Aspects;
Study on enhancement of 3GPP Support for 5G V2X Services
(Release 15)
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1. eV2X support for vehicle platooning

2. 2. Information exchange within platoon

3. Automotive: sensor and state map sharing

4. eV2X support for remote driving

5. Automated cooperative driving for short distance grouping
6. Collective perception of environment

7. Communication between vehicles of different 3GPP RATs

15.

16.

17.

18

19.

20.

Use case on multi-RAT

Video data sharing for assisted and improved

automated driving (VaD)
Changing driving-mode

Tethering via Vehicle

Use case out of 5G coverage

Emergency trajectory alignment

8. Multi-PLMN environment

21

Teleoperated support (TeSo)

9. Cooperative collision avoidance (CoCA) of connected automated vehicles
10. Information sharing for partial/ conditional automated driving

11. Information sharing for high/full automated driving

12. Information sharing for partial/ conditional automated platooning

13. Information sharing for high/full automated platooning

14. Dynamic ride sharing

22.

23

24,

25.

Intersection safety information provisioning

for urban driving

Cooperative lane change (CLC) of automated

vehicles

Proposal for secure software update for electronic

control unit

3D video composition for V2X scenario
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3GPP TR 22.886 v15.1.0 (2017-03)

»5.21  Teleoperated support (TeSo)-
3GPP Network
:5.21.1  Description- // ,\ ___________
52111 General- - A command __xi
. : L _ Vehicle ¢+ | &Control | Remote .
While traffic safety as well as accident-free driving is the task of each connected autonomous vehicle, Teleoperated Center Controller”
Support (TeSc) enables a single human operator to remotely control autonomous vehicles for a short period of time. e o
TeSo enables efficient road construction (control of multiple autonomous vehicles from a single human operator), snow T 7
plowing e.g.+ Outside 3GPP

Remote control of vehicle (TeSo) has the following requirements on 3GPP network for V2X communication: + Figure 5.21.1.2-1: TeSo concept description+

- End-to-End latency less than 20ms for fast vehicle control and feedback [34], [20]+ «52113 Service flowse

- 25 Mbps Uplink for video and sensors data sent from the vehicle and 1 Mbps downlink data rate for vehicle - Vehicle A zends TeSo application messages (camera data, sensor data, status data, confirmation etc.) via 3GPP
reception of application related control and command messages via 3GPP VIX communication serviced network to the remote operator.+

- Reliability of 99.999 %, necessary to avoid application malfunctions [34], [20]+ - Remote operator sends TeSo application command meszages via 3GPP network to vehicle A+

«52114 Post-conditions«

- TeSo terminates 3GPP V2X communication service, if no further support from remote operator is needed+

»5.21.1.2  Pre-conditions«

- Vehicle A is able to drive autonomously and coordinate driving manoeuvres via 3GPP VX communication

service ) =5.21.2 Potential requirements.
- Vehicle A supports TeSo on the application layer (out of 3GPP), it can be in a far end server or in a server hosted [PR.3.21-001] The 3GPP network shall enable communication between a UE and a server (e.g. far end serveror a
by another UE close of not close to the first UE, see Figure 5.21.1.2-1.¢ server hosted by another UE), to exchange messages to support [23] Mbps in uplink and [1] Mbps in the downlink

direction with less than [20] ms end-to-end latency and [99.999] % reliability +
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5GAA C-V2x Use Case and Service Level
Requirements (2021)
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5.4.10 Tele-Operated Driving

5GAA C-V2x Use Case and Service Level
Requirements (2021

Use Case Name

Tele-Operated Driving (TOD)

User Story

A temporary health issue (e.g. iliness, headache) of a driver impairs
his/her concentration, reactions and judgement, and consequently affects
his/her ability to drive safely. The driver of the vehicle (with some
autonomous capabilities) asks a remote driver to take control of the
vehicle and drive the vehicle in an efficient and safe manner, from the
current location to the destination.

Hlustrations

scenario application zone

Pre-Conditions

The remote driver has established an authenticated and secure
communication channel with the HW.

Category

Autonomous driving.

Road Environment

Urban, rural, highway, intersection, parking area.

Short Description

Based on the perceived environment, the remote driver provides to the
vehicle that is remotely driven the appropriate trajectory and manoeuvre
instructions to navigate to the destination efficiently and safely.

Actors

Vehicle, remote driver, road and roadside infrastructure.

Vehicle Roles

Host vehicle represents the remotely driven vehicle, and remote vehicles.

Road/Roadside
Infrastructure

* Roads are defined by their lane designations and geometry.
s Traffic signs provide laws, guidelines and timely information.

Main Event Flow

If the remote driver is a machine then:

The remote driver receives road conditions (e.g. obstacles) and
status information of neighbowuring RVs (e.g. location, speed,
dynamics, stc.) derived, for example, by the HV's sensors and
status information (e_g. speed, location), and traffic conditions.
The remote driver, based on the received information, builds the
model of its surroundings (i.e. awareness of the environment of
the HV) and, taking into account the destination point, selects the
trajectory and manoeuwre instructions.

The HW receives from the remote driver trajectory andfor the
manoeuvwre instructions and executes them, according to the HW's
onboard security checks.

Feedback is provided to the remote driver in parallel with the
execution of the manoeuvre.

Other Actors’ Roles

Remote driver (human or machine) undertakes to drive the HV remotely.

Goal

Enables the remote driver to control the HV remotely.

Needs

The HV needs to receive and apply the driving instructions sent by the
remote driver.

Constraints/
Presumptions

The HV provides the infrastructure and data to enable remote driving
functionality.

Geographic Scope

Everywhere.

Alternative Event
Flows

If the remote driver is a human then:

The remote driver receives high-quality video streams (e_g. to
identify road conditions, neighbouring RVs) and the HWV's status
information (e.g. speed, location).

The remote driver, based on the received information, builds
his/her situation awarsness and, taking into account the
destination point, selects the trajectory and manoeuvre
instructions.

The HWV receives from the remote driver trajectory andfor
manoceuwre instructions and executes them, according to HW's
onboard security checks.

Feedback is provided to the remote driver in parallel with the
execution of the manoceuvre.

Alternative Event

If the remote driver has to communicate with a passenger or any person
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5GAA C-V2x Use Case and Service Level
Requirements (2021

User Story #1

Service Lewvel SLR Unit SLR Value Explanations/Reasoning/Background
Requirement
Range [m] 10,000 Assuming WZN: communication range
within the coverage of a macro cell.
Information Quality of From HWV to From HW to remote driver: ~8 Mbps are
Requested /Generate | informatio remote needed for a progressive high-definition
d ny driver: 32 wvideo/fcamera (H264 compression). Four
Informatio Mbps (video cameras are needed (one for sach side)- 4 *
n needs streaming) 8=32 Mbps.
Or
From HW to From HV to remote driver (optional): sensor
remote data (interpreted objects) are also provided
driver: 36 from the HV to the parking remote drive.
Mb if
videpc-:' ( Assuming 1 kB/object/100 ms and 50
streaming objects, the result is 4 Mbps.
and object From remote driver to HV: the size of
!nformatlon command messages, e g. a) turn steering
is sent) wheel, direction, angle, etc_, b) apply the
Erom remaot brake, brake pressure, etc. including
driver to HW: appropriate security headers. The
up to 1000 : command messages will be sent every 20
bytes per mis (Mmaximum 50 messages per second).
message (up
to 400 Kbps)
[commands
from remote
driver)
Service Level Latency | [ms] From HW to From remote driver to HV: depends on the
remote reaction time needed, which is directhy
driver: 100 related to the maximum driving spesd

From remote
driver to HW:
20

allowed. For instance, at a speed of 50
kmy/h, the HW will mowe 027 m within 20
ms.

Service Level ¥ From HV to From remote driver to HV: the transmission
Reliahbility remote of commands or paths from the remote
driver: 99 driver requires a very high level of reliability
because this affects the safe and efficient
Fr'?m remote operation of the AV. In addition, the video
driver to HV: streams and/or sensor information should
99.999 be sent with ‘high reliability’ to make sure
(Very high) that the remote driver has the correct
(current) view of the surroundings.
Velocity [mys] 13.9 50 kmy/h is considered the maximum speed
for remote steering under highly uncertain
conditions.
Vehicle Density [vehicle/k 10 Vehicle density reflects the number of HVs.
m*2] Many more RVs could be present.
Positioning [m] 0.1 (3a) Positioning accuracy is needed to navigate
around objects blocking parts of the driving
lane and to navigate through small gaps
between two or more objects.
Interoperability,/ [yes/no] Mo,/ Yes/MNo Typically, these ToD solutions are
Regulatory/ proprietary implementations.
Standardisation o -
Required Regulation is needed because authorities

may need to specify maximum speed,
minimum accuracy, data formats, etc.

-y
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5G MOBIX - Korea trial site

Use Case — Remote Driving

Challenging aspects

* 1Mbps downlink data rate and 200Mbps uplink data rate
* HD video streaming up to 50Mbps

*  Four live video streams (front, rear, left and right sides) are delivered to a
remote driver

* User-plane latency isup to 4 ms
Functional Requirement

» Live video streaming for four channels: front, rear, I@,:‘?x i
sides :

Driving
directions

mmWave link

Real-time

vehicle contro

‘R_»

eal-time video

and vehicle data
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System architecture of the RCV
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RCV - remote control vehicle system

Router

Ethernet

M‘éi’élev VAR

-

Lef't Right Front Rear
LVDS HD HD HD HD
+ Camera Camera Camera Camera

Around
View
Monitorlng

HD Camera-g
-9

’ CTE

CAN2.0B
Vehicle

BCM : Body Control Module  EPS : Electric Power Steering
ECM : Engine Control Module TCM : Traction Control Module

APB : Automatic Parking Brake DM : Intelligent Dynamic Module |

CTE:

B Gatevay - [ e Vi e it e e N
BCM =+~ ECM :{}
D Around View Cameras ‘(? c'
APB DM "
s - TCM 2
CAN to Ethernet Module ¥
Video Stream Part _

| Vehicle Gateway Part
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RCV - Around view monitoring system

HD cameras i
W | Coaxial
HD Image | LvDS i cable
Sensor Serializer |
- | Coaxial
&-«D Image | Lwvps |, cable
Sensor "l Serializer .
‘ : Coaxial
HD Image | | LVDS cable
Sensor Serializer |
| Coaxal
HDImage | | Lvwos |} cable
Sensor "l Serializer |
|

AVM Video Qutput

LvVDS
De-Serializer

MIPL

Serializer

A

100mm

Cortex-A9
Quad core
(AVM ECL)

b | D Single ViewFront, Left, Right, and Rear) Cameras

D Around View Cameras
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RCV - Real time video streaming system
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RCV - Remote control station

Ethernet

Left/Right [ Rear |
v Turn BEM. | Video Stream -

Multi function SW w Front Righy |.

Stering Wheel

Angle Sensor Vehicle Status
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) o ECM | > Remote Station
Accel Pedal Brake Pedal l [ canz.og| ReMete otation
Board
Sensor Sensor A
' ’ pve Vehicle Status |
- nalog Input and ——
Parking Brake SW '
Around View Dashboard
| E Shifter / Hazard SW
[] Control Input Generation Part | | Road situation View part | | Vehicle Status Monitoring Part
BCM : Body Control Module ECM : Engine Control Module CTE : CAN to Ethernet Module
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RCV
System Integration with mmWave (23GHz)

Inside the test vehicle
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Field Test Environments

Vehicle UE L1/RF

j‘\

————

5G Core gNodeB-CU starting point
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Remote Control Vehicle — Test Result (Gear Shift (Left)/ RPM (Right) )




Remote Control Vehicle — Test Result (Control and RT Video Streaming)

RCS (Real Time Video and Status Information Streaming

RCV (Driver Seat / Controlled by Remote Operator) and Control RCV)

P

KATEC ' ' KOREA AUTOMOTIVE
TECHNOLOGY INSTITUTE



SO M
"“‘ SGMOBIX KATECH oo nsmure

5G-MOBIX - 5G for cooperative & connected automated MOBIIlity on X-border corridors

KR Trial - Remote Controlled Vehicle

- This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 825496

~

{ *2020. 06. 30. (Thu.)
KorearAutomotive Technology Institute

/i
{ ’
- \\§ Pfincipal Researcher

- You-Jun CHOI, Ph.D.




