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The Locomotives on Highways Act{1861)
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The Locomotive Act 1865 (M7 [Z2])
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Consumer
Technology

Association

LAS VEGAS, NV

JANUARY 9-2, 2018

AUTOMATED DRIVING KIT

Sensors,
Automated Dfiu-'mg @ such as LIDAR
Control Computer — -

b CAMERA

{Automated Driving Software)

'=

VEHICLE STATE CONTROL COMMAND

VEHICLE CONTROL INTERFACE

GUARDIAN CAPABILITY

| P Control commands, 2
such as running,
M

Il vehicle ;
information * stopping
and turning

r/ i i
90

VEHICLE ) \\
e
—— S A

MOBILITY SERVICES RELATED

TO AUTOMATED DRIVING

as operating automated driving kit

API, such Software for
control data (updated version)

MSPF

{MOBILITY SERVICE PLATFORM)

Various vehicle
information

(e.g. speed, location,
automated driving state)

AICBM
Support
Center

Over-the-air updates of software
for automated driving kit
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Bosch IoT Shuttle (X : E4)
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Autonomous Vehicle(X} 2 F 8 X}) 2} Connected Vehicle(H 9 E|E71H Qo] 7| = 4
Connected Automated Vehicle2 H3} =

¢
Function Area Server Back-end
connmd VQMC‘Q (FAServ) Antenna ‘ i System
; ; —a

Communicates with nearby p 9

vehicles and infrastructure; Not s

automated e | ey 1 e T mge | T, B ke
Sensors Il ' Perfomance ECU
B 1N

*2= X : Continental

Lane Distance
Driving Environment Sensing and Obstacle Recognition carl - 1
- Front Obstacles Sensing (Mili-wave Radar, Laser Radar, Camera) Distance Englne 3 Break |
- Lane Marker Sensing —]

Obstacle

‘ Location Accéﬂ?asggﬁ
Autonomous Vehicle 3l AP MODULE AIMODULE
Operates in isolation from other K\\ _ Seg;;"g B
vehicles using internal sensors '

Road Structure #
Road ey Traffic Information
ﬁ . Big Data, Road, Traffic Information etc
t U.S. Department of Transportation =

*=% : NVIDIA
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XAEFWAE AICBME 7|82 2 Automated Vehicle Systems, Connected Vehicle Systems,
Intelligent Transportation Systems2 T4

Remote Traffic Monitoring

* Automated Shuttles Roadside Weather Stations

* Infrastructure-enabled Self-driving Cars e K * Adaptive Signal Control
* Incident Detection and Response
Iﬂh“igﬂn' * Dynamic Message Signs
Auvtomated Tﬂﬂlﬂg Tmnspurhfion . Rncanﬁguru ble Lanes

Probe Vehicle Data for System Administration
Emergency Vehicle Signal Preemption

Transit Vehicle Signal Priority

Automated Incident Reporting (Aute 911, eCall) e

DSRC V2V /V2X-enabled Warnings and Messages —
(USDOT Connected Vehicle Program)

Demand-responsive Tolling

Systems

- - L] - - -

* Automation-enabling Infrastructure
(Standardized Signage, Lane Markings,

Digital Maps, etc.)
Connected Avtomated
- GPS Navigation Vehicle Vehicle
* Cellular Connectivity Syﬁerl“ Sysiems
. Srnnr'!_phane Linking (Bluetooth, Wi-Fi, etc.) — Active Safety Systems [ABS, ESC, AEB)
* Infotainment » Automated Parking
* Telematics !

Adaptive Cruise Control
Traffic Jam Assist
Lane-keep Assist

* Auvtometed Driving Systems (ADS)

*=X : PSC(Public Sector Consultants) Copyright © KATECH All Rights Reserved 29
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Improved road safety Reduced public transport spending

— 90% of accidents Ioday OCCur due to human error — Reduction in losses from often non- prm"rra!}a’e ﬂuhffc
— Reduction in accidents by 70%?* feasible if self-dnving fransport service in lower density areas
vehicles represent considerable share of car fleet

Decrease in pollution kﬂ;l E Less waiting time

— Better fuel eﬁ‘:cuency of ~20% can — Seamless, multi-modal end-to-end
lower overall pollution (absent an mobility can be offered to consuimers
increase in mileage)

— Even higher decrease of emissions

passible with electrification

Freed up space Productivity boost

) _ ) Rewards B —

— WNeed for parking space in the city can — Over 1.2B hours of pure driving time

be reduced by up to 60%? ] savings over 10 years possible

E T
]!

Increased traffic efficiency Decreased cost of mobility
— Traffic congestion can be improved by ~70% — Cost savings of up to 50% per km for nde

due to smoother traffic flow and fewer cars on | shared self-dnving taxi service vs. traditional

the road Equitable access to mobility car ownership

— Elderly, children and people with disabilities can

Individual benefits
make use of new end-to-end maobility options

1. After 10 years; Note: Potential rewards calculated for a model! city of ~5M inhabitants, Source: Intemational Organisation for Road Accident Prevention, European Parking
Association, UCS, World Economic Forum; BCG analysis

*Z= X :ITS Japan Copyright © KATECH All Rights Reserved
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Self-learning Cars: Technology Requirements, Global, 2016—-2025

Software — By 2018, deep neural networks and
spiking neural networks are anticipated to be the
most common algorithms for self-learning software in
cars.

Super computers — By 2022, about 42 million
vehicles will have supercomputers with high
processing capability (up to 8 TFLOPS) to perform
various functions.

Data — Currently Google, Tesla, Mobileye, and Here
maps have the largest database. In July 2016, Tesla
motors had 130 million miles of driving data.

Connectivity — By 2025, V2V V2X, and OTA
developments will be vital for level 4 self-learning
cars.

Sensors — Cameras are anticipated to be the primary
sensors; LIDAR, radar, and ultrasonic will act as

redundancy sensors.
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1 Value chain@ Key players@t M&t& 2H =0 SR

=~ Value chain dominated by the Tech Companies

+

Self-learning Cars: Value chain, Global, 2016—-2025

(NVIDIA, INTEL)

Server Providers
(NVIDIA, Siemens)

HPC Providers/Cloud computing

Application Program Interface

{Tensorflow, NVIDIA)

Processor Manufacturer
(T1, Intel, Ceva, Qualcomm)

Cloud systems

Software Developers
(NVIDIA, Mobileye, ADASworks)

DATA Providers
{Amazon, Facebook,

{Movimento)

Software Trainers
(NVIDIA, Mobileye)

loT companies)

Automaker
(Audi, BMW, Ford, and others)

New Mobility Services
(Lyft, Getl, Uber)

V2l and V2X
(Kymeta, Delphi)

T loT Companies
| (Amazon, Google)

Partnerships to develop mobility services

T -

*Z=X : F&S
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| 228 OEM Tech companies® M&& S 2H 2=
Self-learning Cars: OEMs Partnerships, Global, 2015-2025
4 @ R 4 PN TR ) 4 BY Microsoft SN )
_ $1billion oo $5 million | -l- NVIDIA
. < P Rislsiitd - @ TovoTA a @ A,
S Mosesse $8.2 million J - —I- -'ES,[“" A
$0.5 billi e
\ [IELLPHI 2 \ i‘__‘ J_E—t—. }- p e velodyﬁ% million ™" MU-P!-J)
T a N (e N\ (e =)
NVIDIA. - f L
-Gm $1 billion i S/ $1 billion
L/ e -
S & Ty - /'@fﬂ
$1 billion - -J ¥
,# EE (ntel) g tmm
NG J T H o J

[f,_ = _.. OEMs investing in new mobility services as a key market strategy

[ ~ Acquisition ~~~ Strategic Investment — MDNFarmlershipJ

*Z=X : F&S
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Blind Spot
Detection

N

Park Assist

Surround View
Rear Collision

Warning
3,

| Recognition

Park Assistance/

Traffic Sign Collision Avoidance

Emergency Braking

Pedestrian Detection

Surround Adaptive Cruise Control

View

ne Departure
Warning

Park Assist

Surround View "\

Cross Traffic Alert

B Long-Range Radar Short/Medium Range Radar M LIDAR Camera [ Ultrasound

GNSS

&l — Local Intelligence

SOCIETY OF AUTOMOTIVE ENGINEERS (SAE) AUTOMATION LEVELS

Partial

Automation Assistance Automation

Zero autonomy; the Vehicle is controlled by Vehicle has combined
driver performs all the driver, but some automated functions,
driving tasks. driving assist features like acceleration and
may be included in the steering, but the driver
vehicle design. must remain engaged
with the driving task and
monitor the environment
at all times.

Conditional

Automation Automation

Driver is a necessity, but
is not required to monitor
the environment. The
driver must be ready to
take control of the
vehicle at all times
with notice.

The vehicle is capable of
performing all driving
functions under certain
conditions. The driver
may have the option to
control the vehicle.

NUMIIIMIIL N IV VN UL UL L IVOVE Y VU

Full Automation

Automation

The vehicle is capable of
performing all driving
functions under all
conditions. The driver
may have the option to
control the vehicie.
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Complexity
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\?}muﬂﬂ!r ""‘_ﬂ_.__ . Pink arrows: Pilots and large scals
2022 (m_; Emmenq demonstrators (TRL 5-6-71
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Driving
Level 3 Velocity

Level 2
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07 May 2016 04:40 PM

Date of Report

Imvest. Agency Repar! Number

FHPE16OFFo12208 B5234095

O7/May 2016 04:40 PM

-_US-27A (SR-500)
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[AIQNLE&E 7t HEHO| 2tHE A ‘Fail-operational’, ‘7] 52T ’4(15026262)’, ‘Redundancy’ g Z

2]

" The main disruptions
relevant to automated
vehicles

Validation and

Ve
Strategies for the elimination,
prevention, mitigation,
prediction, and forecasting of
disruptions are identified

'The emphasis is on the ability
of the management strategies
to handle disruptions and
maintain fail-operational
behavior

A
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SRR 24GHz LRR Ultra Infra
UwWB T7GHz LIDAR sonic Vision Red
Short distance Kk ok % *k kK Kok kK ok * ok k&K
(0 to 2m)
Nominal distance kkkkk * %k ok Fdkdddk * % * % * kK kk
(2 to 30m)
Long distance e *hk KK *kkkk * ok k&
(30 to 100m )
Narrow range <10deg ot i ke % it A i
Wide range >30 ok % ek kK *kkk Kk kkk *kkk
Angular r950|uti0n *k kkExk *kkik * khkkk*k *hkkk
Object speed measurement ERER RERRR % REEE % *
Bad weather operation Kk khF Kk *% KKk Ho* *kkk
Blockage % %k dkk Kk * % k% Kk & * * k&
(impurity on sensor)
Night operation ek Kk Kk o *k kKK *kkRK * * ok ok kk
*k k% *k kK * *kkkk k& Kk

Cost

API
Updated Algorithms ~ — OTA —
i
HPCiCloud Computing ‘Sensors. —>1
1
Servers

@)

Self-learning Cars: Levels of Self-learning Cars, Global, 2016-2025

2016

Levels

Software Training Platform
Data Processor
=] I

=
e

Processors.

|
i Ry

) 2018 \ 2022 ) 2025

1. Basic Function 2. Complex Function 3. Critical Function 4. Vehicle Control
Functionalities
Basic e Complex Critical of Al ties of the
venicie's operation s are peromed using s the vehicle's aperation s Vehicles are performed by
performed by the elfeaming Al performed by the seff- the sel-lzarning Al
seltieaming Al leatning Al
Applications = —=
+ Natural language + Dirver assistance + HAD Maps + Thecaracisasa

processing

+ User preferences

+ Gesture recogniion

Key OEMs
« IR
+ Daimier
o Audi

+ SAE level 2 autoncmous

+ Object recognition

autonomous

« JR « TESLA
« Renaul + Voo
+ Ford

*+ Audi
Self-learning Cars: Evolution of Self-learning Cars, Global, 2012-2025

+ Cbject recagniion
+ SAE level 3 and level 4

personal assistant and
Is fully autonomous

+ IR
+ Toyola
+ Tesla

High 2012-2015 2016-2020 2021-2025
>
2
K
2
1]
3
£
32
F
5
&
Low
0 Driving Data (Million Miles) 600
Legond x) Levels of seltdearning cars  — — Traditional Software —— Deep learning Software

*Z=XN : F&S

Copyright © KATECH All Rights Reserved

44




HMT|E - YASULH

-Oto| X 7 (orui3, aps gax %) Ol ME SIX|Q1A0] 7h53 MZ 2 HEo| ME7|& /iYL e

03 QI AHEAL SAMM CIXIEY A 7|2

“ Galileo/Beidou

GLONASS __Real-time Kinematic |
WASS/EGNOS

INS Aided GPS Co-operative V2x
Localisation

OmniSTAR

Radio Signal Strength
Triangulation

Others

[ Inertial Navigation System

Feature-based Localisation >

H Navigation Map : ADAS Map Dyn:;(i::IMap
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Time frame

Dynamic ( < 1 sec )

semi-dynamic ( < min }

7 ' .
Semi-static ( <1 hour ) /

Anew generation of data services

HERE
on-Street HERE
Parking Real-Time
Traffic

HERE
Hazard
Wamnings

HERE—
4 Road Signs

[

Linked layers

N
R

LR
tafiRARAr

i e

8
5
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s - —_

Basic Map

A = =
/f L g e

Information through V to X
= surrounding vehicles
= pedestrians

, * timing of traffic signals

Traffic Information
= accidents

= congestion

» local weather

Planned and forecast
= traffic regulations

= road works

= weather forecast

Basic Map Database

- Digital cartographic data

= Topological data with unique
- Road Facilities
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[E73], V2X(Infrastructure, Vehicle, Nomadic etc.) 7|8t =&

3G—HTE

Connectivity

4G LTE/LTE—Cellular Connectivity
3G Cellular Connectivity
2G Cellular Connectivity

Cellular
Communications

WAVE / IEEE 802.11p / ITS G35

>
>

\ WIMAX

Vehicle to Vehicle

WiFi

(Part of the established IEEE 802.11 standards)

8
L
2
=
®
>

2
3
Q
E
]
£
=

Satellite Communication

—
= R o=

>\

mobile telecommunications
and increasingly embedded in
cars (e.g., eCall)

[Cel]ular networks common for

;- R
Set to become the standard for

short range V2x
communications

e

/IEEE 802.16 with higher

bandwidth and longer range
than Wi-Fi
Trials currently in progress for

\_oeiiu!ar backhaul )

Potential uses for vehicles in
remote locations
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Vehicle-to-home (V2H)

A connected vehicle can be used by
the owner of the car to control various
home appliances such as lighting and
air conditioners while sitting in the car.

Vehicle-to-cloud (V2C)
A vehicle can be connected to
the cloud for over the air (OTA)
software upgrades to update
information including the
connected module.

Vehicle-to-pedestrians (V2P)
A vehicle can be connected to
smartphones and wearables (worn by
pedestrians) to provide real-time
information to the vehicle and the
pedestrians and avoid collisions.

Connected
Car
Enabling
Technologies

Vehicle-to-vehicle (V2V)

vav technology enables
cars/fleet to communicate with
each other resulting in improved
flow of traffic and reduction in
collisions.

Vehicle-to-infrastructure
(V21)

The connected vehicle can be
connected to roadside units
such as traffic lights, which act
as communication nodes
providing various safety and
traffic updates.

Vehicle-to-devices (V2D)

V2D application enables vehicle
to establish connectivity with
smartphone or other installed
on board units (OBUs) such as
infotainment systems.

*Z=X : F&S
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Critical Vehicle Data
» Engine control unit
+ Transmission control unit
« Body controllers (locks/lights)
+ Air bag control unit

« Steering, suspension, and
stability

Infotainment & Telematics

+ Vehicle data from OBD II, GPS co-
ordinates, driving patterns,
diagnostics

* Internet, smartphone interfacing,
Bluetooth, Wi-Fi, app store

« Radio and media streaming

Cyber Security Attack Points

External Interfaces
+ Keyless entry

+ Tire pressure monitoring
system

* \/2x communication
« Satellite data

*» Sensor and camera data

OnStar’s decision to keep track of unsubscribed vehicles and sell
vehicle-related data created privacy issues. In the automated
scenario, there is a high possibility of a car being compromised.

Heavy dependence remains on an Internet network, and the
exchange of data is to be managed properly. Encryption of data
exchange will bring third-party security solution providers into the
value chain.
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Copyright © KATECH All Rights Reserved

49




HaJlE - TE HMI

SSHAREE £ SHXIA HolA YESD B2t 7|2AT HE WY
[S3], HEgAD U SHAH ZHS SHAE Malshs MEY Q= HMI CHO|YE T BjL X7} B e

‘\

Environment
Sensor Systems.

Traffic complexity, road

Visual

AUdlbIe Simple “beep” through to

fHMl Information SyStemSiormatlon to Dri\rel'"{ D

Driver

Configurable Display,
Head-Up Display, Lamps

<>

3D Acoustic landscaping 9 ]

& geometry, etc.

| Haptic

Vibrating seat, pedals, AW
steering wheel etc.

\Aﬂa;:t for culture, language. preferame /

|
!

/Vehicle Sensor

Priority,

Vehiclespeed, steering |

manoeuvre, etc.

Detection ;

; 1
|
|
I

L
pa

Abnormal Operatlon

ehlcle System

Other

Normal Operation

Abilities, training,
culture, preferences

priver

Status
(Ready, drowsy, intoxicated)

4 |o
=
<
g
)
Q
=]
S

N/

/“HMI Control Inputs "\

' Steering wheel, switchgear, ‘
H and touchscreens, gesiures

f oot Pedals -i

‘oice recognition for

VOIce ‘secondary systems ‘

Eyes Eye tracking, e.g. info

k acceptance

~ Adaptable for culture, !aﬁguage/
_ preference or impairment '
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» 0, hands off 2Ct &8 X X8 X
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I -
: ADAS(et20|5) SStADAS(240)5) i II AEX|S
i| - AZH2HA — Highway Driving Assist )
Il - HEFXXA - SHEAAN 38 D)8t |
I Hands on Hands on 0
"““"&-E"};I““;)'“":::f----.(ELE_JE_*_E'_“}.*_%%).-- -
A= S4 I i
ooz e 28 2ss Al || PAEaas) | [CAse) '
a4 : — Partial Automationy| - Condltlonal Automatio : 9
= il - AN, LOM D|Et - dA & V2x(el=Zel) i "
: Hands temp. off Hands off ]
-----------------------------'
Eye on! Eye on! partially Eye off! Eye off!
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