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Evolution of Vehicle Automation oc‘?&k&?

Society of Automotive Engineers
(SAE) definition of vehicle automation

Automated driving system
monitors driving environment

Human driver monitors
driving environment

No Driver Partial Conditional High Full
automation assistance automation § automation automation automation

Communication requi
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Connectivity and Communication is Key “) SERMANY
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New Communication Requirements
for Vehicle Automation

Maneuver
Detected
Objects

ymmunicat

Status information

Degree of coope

Observation
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New V2X use cases, such as

« cooperative advanced cruise
control (C-ACC)

« Platooning

« See-through

« Bird’s eye

Cooperative sensing and

cooperative maneuvering

- Lower latency and higher
reliability required




State-of-the-Art WiFi (IEEE 802.11p) “ SERANY

Basic system Initial applications

= Research « Emergency vehicle warning
» Electronic break light

* Intersection assistance

« Stationary vehicle

= Standardization
= Field trials

Pilot: Cooperative ITS Corridor - Warning (traffic jam, construction)
* Weather warning
= [ « In-vehicle signage

* Geometry of lane
o

PROBE VEHICLE DATA

* Vehicle position
* Vehicle speed
* Rain

* Mist

.

Warning trailer BUT-
=» No service guarantee

.r' = Limited Capacity
= No guaranteed latency

Source: Cooperative ITS Corridor - Joint deployment, BMVI
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Performance of Release 1 V2X ‘\ oG LAB
IEEE 802.11p/ITS-G5 (1)

Multi-hop in ad hoc networks

( ADVANCED )
/\ GFC with retransmission counter /\ > I E E E 802 . 11p
and sectorial contention area ) > G eo N etwo I’kl n g

GFC-RT
GFC with retrans-
mission counter

GFC with sectorial
contention area

[ GFC-SECT

Smart forwarding schemes

GFC
Contention-based forwarding with
greedy forwarding

Complexity

Metrics
CBF .
Contention-based forwarding ) > NOde Coverage ratlo
S '
Simple GeoBroadcast ) > End'tO'end delay
» Data traffic overhead

Expected performance gain
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Performance of Release 1 V2X ‘\ oG LAB
IEEE 802.11p/ITS-G5 (2)

Node coverage ratio: Reliability

# Rx vehicles in the convoy
NCR = Delay = tryx — t1x
# vehlcles in the convoy

Communication delay: Latency
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S. Kiihlmorgen, I. Llatser, A. Festag, G. Fettweis: "Performance Evaluation of ETSI GeoNetworking for Vehicular Ad hoc Networks", VTC Spring 2015
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Convoy Communication for Automated Driving
(IEEE 802.11p)

Node coverage ratio: Reliability
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Communication delay: Latency
Delay = tRX — tTX
45 i i ' RE
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I. Llatser, A. Festag, G. Fettweis: "Vehicular communication performance in convoys of automated vehicles", IEEE ICC 2016
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Platooning »
1-2 ms examples of today’s cars: ESC, ABS

Tomorrow: platooned/convoyed ESC & ABS

The Future of Transportation, November 2016






Heads-Up With Rendered Bird’s Eye Look-Ahead "\ SRMANY
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Mobile Edge Cloud / Micro Cloud / Cloud p En:
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Use Cases for Vehicle to ‘X’ Communication (V2X) “) oG LAB

Vehicle to Vehicle

Vehicle safety, e.g.
collision avoidance

o

-

o - J;"“
Vehicle to Infrastructure

i - 7

= 12 _ ,
S Smart intersection control
. 7z —> Phased traffic light, etc.
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= —~ - = ]
Person to Infrastructure =

S °
Traffic light ¢
Green light

- Dynamic environmental zones
- Real-time fleet localization

High expectations for

improvement of road safety

traffic efficiency

driving comfort

Includes

Vehicles

roadside infrastructure
vulnerable road users
(pedestrians, etc.)




Today‘s Communication Technologies are " SERMANY
Complementary

Communication type Technologies Application
formats
m WLAN:
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Convergence? p

Today
Ad hoc WLAN
) (W) ((«3 C-ITS Msg

Broadband >

Cellular Cellular + Tactile Int i

C-ITS Msg, actiie Interne
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5G Hyperplane /\gg,m

Speed: >10 Gb/s = Thb/s
Massive Content: Gb/s Services

Massive Sensing: loT
1b/s over 10 years
off an AAA battery

Massive Control: Tactile Internet
Response: 1 ms
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The Tactile Internet: Standardization Map O 5G LAB
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resilience

mission
critical

non
critical

coverage

LAN WAN
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