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2015 emerging technologies "Hype Cycle"

Autonomous Vehicle L

n-tl-?_lri:?:f Plateau will be reached in:

® 2to5years
® 5to 10 years

Advanced Analytics -

Smart advisors  Speech-to5peech Translation

/" _- Machine learning

Micro Data Centers ® 10years+
Digital Dexterity Wearables

a Software-Defined Crytocurrencies Py piihicty i axa

s Security Neuro number of success sicries —
= business Consumer 3D Printin OREN IETOININMAT Eeie i
:ﬂ Citizen Data Science i g ::L;::sﬁzorm;ﬁrames he
wn Biochips ™. "\' Plat?orm Natural-Language Question Answering

= Connected home ruarzau OF
S~ b AF!ectwe =orEor

= 30 53;2;‘::'"5 Computing  Hybrid Cloud Computing nusaTEAME

o /
] Volumetric Smart Robots

R é
E Displays § . Brain-Computer Augmented Reality
¢ Interface

3 Human ¢ dialaier K

o Augmentation L_Q\‘;::fltt”t‘:g Virtual real:ty \Enterprise 30 Printing

b4 Rk S \

Ll N Gestura Control

al Bioacoustic Sensing
People-Literate Technology i Autonornus Field Vehicles
Digital Security s

Cr Qplucurten cy Exchange

@ Virtual Personal Assistants Time/Maturity

Smart dust

T T T T -
Innovation Peak of Trough of Slope of Plateau of

trigger inflated disillusionment enlightenment productivitiy
expectations

Source; Gartner 2015
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Vision for ADAS/Self
driving

Sensing - — - * Solid-State LIDAR

*  mm-wave radar

* Sensor fusion/SLAM
Sensor Fusion | * High precision 3-D map

SRR R YRR Ty

Lidar (light detection and ranging)
monitor the vehicle's surroundings (road, vehicles,
podasinans, olc.)

Cost: $90-8,000

1 surroun@ings {raad, vehides, pedestians,

¢ Sub-
Understanding A ——
\ platform
Navigation -

. Central computer analyzes all sensor nput,
Actlon agplies ruies of the road and operates the siserng
acmlar.arar .m:l nrnku

Cosl: - w Of sensor conts

/

Video cameras manitor the vehicie's

elcnan‘lfﬂadh’f fights
’C.H Mo 1
CO% »..;.4 5

|
\ Radar sensors monitor the
\\| fenicie’s sumroundings (roaa, venicies,
pecestians.

&l
Fost (Long Range): §125-815
[Cost (Short Range): 550-5100

7
¢  ASSISTANCE SYSTEMS

J Level 1: Driver Assistance
Level 2: Semi-Automated

Level 3: Cmdltional Automation Radar Low

Level 4: High Automation TO AChie\i"e LeVEI 5

Level 5: Full AUtOMATION @ == == == = - - - - Lidar High

7’
/7 Source: BCG 2015

s
Current Environmental Z-axis |[Recognition
Type Sensor Type C M Abili
AUTOMATED SYSTEMS o CREUICTIEI it

aspects of dynamic driving task Camera Medium

Indirect High
Direct Low
Direct

Medium

Wide-Range

Al Technology for Self-Driving Vehicles




%/ AT Technology for Self-Driving Vehicles

e Multiple object detection through deep learning

» Car, motorcycle/bicycle riders, pedestrian, road sign,
traffic sign, lane mark, drivable area, etc.

® 360 degree video object detection
» Three front cameras and three rear cameras
e End-to-end learning for steering wheel control
» Input: Video
» Output: Steering wheel angle
e An expert system for driving control
» To obey the traffic law and behave like a human driver
e Vision only, no multiple sensor fusion
» Only demonstration at day time instead of worse weather

Challenges for ADAS/Self-Driving
Vehicles

® Video for a fatal crash of a car with Autonomous driving mode in China
(Jan. 2016)

» With AEB based on vision (not deep learning) and mm-wave radar

»  https:/www.yvoutube. com watch ?v=fcOyY J8-Dvo




NCTU Deep Learning Object
Detection/Dehazzing for ADAS

Potential Solution for Car Fatal

> Crash

BOST

® Deep learning technology combining inclement weather
processing

NCTU iVS Lab (Dehazing+Deep
Original learning)

Detecting truck 2 seconds

: iEEEEt A




NCTU Lidar/Camera Fusion Technology

e Lidar: Velodyne 16-bin Lidar (VLP-16)
e Camera: Logitech C920 USB webcam

* Red: detected by vision deep learning

* Green: detected by both sensors

Accuracy: 98.74%

Taiwan’s Opportunity in
ADAS/Autonomous Driving

A a\ c°°'°E“‘t'°“ < Sensor Fusion

Cooperation,,

yw—y Cognltlon
HMI < Head- Up Dlspl y
& Driver Monitoring : ““ =,
-

Cognltlon _‘
& | J

s

\ ‘g'

&
i % y ( » \

EE ._

Earhendientce - Connectivity

Sensors < Sensmg Sensors

E."

Al Deep Learning

! AI Computing

. _ AR platform
= l

(Edge mtelhgen

Environment



Chip
vendors

Computing Platforms for Self-Driving

(B XF8%)

COMPANY PLATFORM
NVIDIA Xavier

BMW/INTEL/MOBILEYE | Intel processors + EyeQ5 +BMW
automated driving software

FOCUS
Al based perception and
behavior

Mobileye brings perceptions
& Driver Policy

Chip
vendors

e TXH
> BAWESD

}

o i/ H
» BEBEAXE
o RiH

}

-

® XH

}

e B H

o

Ve

DELPHI Central Sensing Localization and
Planning (CSLP) based on Mobileye +
Intel processors

Turnkey solution using
Ottomatika software

Google’s own sensor IP &
inference processor

WAYMO Home-grown software tightly coupled
with its own hardware

GM Cruise

TMENTOR DRo360

RENESAS Autonomy — enabled by a collection
of processors and software

NXP BlueBox

TEXAS INSTRUMENTS D3; RT-RK Alpha platform based on 3
x TDA2x processors

TESLA Home-grown software + hardware

Partnered with TTTech

Computer vision, neural-
network inference model,
control

Primarily targeting L1, L2
cars, scheduled to support
L3 later 2017
Using Nvidia’s Drive PX2 Al
platform for its in-vehicle
platform

Niche Self-Driving Applications

BAESHE

BRBAR

B EhERIE A

Bl £ #




ADAS/Self-Driving # % % 3£ &2 3%
o ‘b EURg@;&CAP

o HIEZEHRETRESL
o FINLESKEIDET
o & R

Q&A

Thank you very much
for your attention !

o) BRI = R B I R

Intelligent Vision System Industry Academia Consortium

Our Vision, Your Intelligence !

http://ivs.ee.nctu.edu.tw/iac/
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