Empowered hy
urrounding Sensing Subsystem

ERERMRAMEEEELHE

)

Andy Jeng, Department Manager,
Information and Communication Research Laboratories
Industrial Technology Research Institute (ITRI)



B &) 5= B FE R B 20 )t = =80 A

TRAl 2030 FEBEE - EHHAHHE S ZIFHURER
MaaS*#& 8,000 {E=TiFi%

FNCAP EEEE/VTESETHNER - BFEF
BERRANEMZ=RRENEHERSEEE

AEEXRBHEERERE - EBER  EREBRE & CDMBREEERA
. : SER . =4 7 it 22 £ AT K g 2.
& - BRjEEEETH Lutz fEiE3590.C ;";;,E_ WEMOD IBESIL IR
Pathfinder £ CityMobil2 229-2 15==J0
AEEXINERSE - K=EEE — *at © Mobility as a service

SIRENMERFZ ASIMEIR - B2 Uber -
Car2Go - DriveNow - Lyft &

P _— FENAE BRI -
SR E AR - g s AR

N

RBUE - ZRmE - AEZ=E

+ AOEEEER - SR Al
2030 F3Z 86 18 - 2050Z 98 (&
2100 &3 11218
BESERS  ERRIEIN - 4
FRBEKERE
EMESREHERE R NHE
B OERNE - 2 BAMCER
BUR - % - i EEE e R
EHE - HEERER

EIKEEHEITIRN

« HEI0ISFIBEHHEIA0EEE
B ¥ - HdhllShuttle bus/at:
EREEZE - SE550% -
EEE Yy  SBETEAEEE=M ;
EMBE 3 EELIShuttle Bus/ast
ERELRE
DHELESPE -« #E - HER
MIRER - FELIAFER - 1Y
HEREER AT
ERAR - THEERBERER - EUEn

Copyright 2018 ITRI TZR A 7Ehr



Opportunity : Sensing Subsystem

Surrou nding Sensing Subsystem Integrated Control == |eading by Automotive Vendors
Focus on Surrounding Sensing
Subsystem to extend the automotive
electronics development area
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ITRI Connected Autonomous Driving Vehicle Solution

ITRI Autonomous Driving Vehicle (ITRI ADV) Surrounding Sensing Subsystem (S3)

ITR ADV is the first autonomous driving mid-size bus carrying up to 20 passengers for urban area, ITRI Surrounding Sensing Subsystem (S3) is an integrated perception, cognition and planning development
with driving abilities in signalized and mixed traffic roads, which is empowered by Surrounding system designed for level 4 self-driving car. It supports multiple sensors including cameras, LiDARs, radars,
Sensing Subsystem (S3) Project sponsored by Ministry of Economic Affairs (MOEA)in Taiwan. GPS, IMU, etc. with the state of the art sensor fusion, deep neural network and computer vision technology.

The subsystem is also equipped with core technologies such as deep learning image recognition, 3D LiDAR

sensing, multi-sensing fusion, real-time path prediction and SLAM. The subsystem is designed for urban area
in Asia countries and suitable for all weather condition.

4 o -

ITRI V2X Safety System Solution (iRoadSafe) Pilot RuninTaiwan

ITRI ADV will hit the road for demonstration during the 2018 Taichung WorldFlora Expo in Taiwan. The iRoadSafe
has been deployed in Taiwan for a variety of applications, including bus safety & pedestrian in Taipei, Light-Rail
safety in Kaohsiung, and will be integrated with autonomous driving vehicles in Taichung and Tainan.

iRoadSafe is the first V2X smart system solution, integrating V2V/V2l communications, roadside sensing
androadside display, to provide safety warning to ALL road users. The iRoadSafe can also be integrated with
autonomous driving vehicles, providing Signal Phase and Timing (SPaT) and Non-Line-of-Sight (NLOS) detec-
tion abilities, enabling autonomous driving at signalized intersections.

Taipei

Urban Intersection
Pedestrians crossing waming.
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ITRI Autonomous Driving Bus (ITRI ADV)

ITRI ADV empowered by Surrounding Sensing Subsystem (S3) is the first
autonomous driving mid-size bus carrying up 17 passengers with abilities of
driving in signalized intersections and mixed traffic roads in urban area

O Automatic Emergency

O Automatic Fixed-Poin:

O Traffic Light Waitin

O Lane-Keeping Control

l

O Curise Control

O U-Turn Control
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Challenge: Compared to small bus, mid-size bus needs higher accuracy &
lower response time from the sensing subsystem due to the huge vehicle size
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Empowered by
urrounding Sensing Subsystem

Surrounding Sensing Subsystem (S3)

| Features

 Deep neural network-based video analysis

* Large-scale training data from Taiwan’s streets
(Formosa database)

Multi-sensor fusion for most weather conditions
(rainy, foggy, darkness etc.)

Real-time event sensing for accident avoidance
V2X roadside integration for blind spot
detection at intersections

Distributed computing arch. in the further

O Velodyne HDL-32E x 1
O Velodyne VLP-16 x 4
() GMSL Camera x 9 (IP69K)
O RTK GPS/INS x 1
5.9 GHz WAVE/DSRC OBU x 1
(0 Radar (to be added)
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Demonstration
In 2018 Taichung WorldFlora Expo

* |TRI collaborated with Mobiletron, RAC Electric Vehicles and
IAuto (NTU startup) to develop the first autonomous mid-size bus,
will demonstrate during the 2018 Taichung WorldFlora Expo
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Demonstration
In 2018 Taichung WorldFlora Expo

BARREREH29INE
1ThRET 2R B 492057 58

~

s KB
=8I E9:00-17:30
e A3 qayn/\liriwao'ﬁ‘ s
30niE—3T EH1631 (] B B8
a X L T
I e —
MAEESSBRACRES I R I e
=> == @%:%
RE SR
J 1
s ® 4
3 / B & T b
BB OB

AS 1T RS i

S iE/s i -~ 'a[L
- g

_— @ EIEHIE
MG b
=

® *
. _ﬂﬂ,?i% & & w
= As — ] VA

Bl g

’
’
’
’
’
’
/

SR=EE

R AR

HEEsEBET

N

AP KHEBRERERRE

Copyright 2018 ITRI TZR A 7Ehr



V2X Smart Roadside Integration

= {A| Z4KiRoadSafe
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Demonstration
In 2018 Taichung WorldFlora Expo
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Demonstration
In 2018 Taichung WorldFlora Expo

* Integrated with iRoadSafe to support smart road intersection
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= Demonstration in 2018 Taichung WorldFlora Expo
Integration with V2X Roadside
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Taipei’s iRoadSafe Deployment
* Bus & Pedestrian Safety Waring in Signalized Crosswalk

— Deployed at 3 intersections with 4 crosswalks and installed OBU on 18 buses
— Detect crossing pedestrians using LIDAR (Velodyne VPL-16)
— Provide safety warning to the bus driver using OBU from through V2I

" sadag 1M g---' +
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Kaohsiung’s iRoadSafte Deployment

* Tram collision avoidance system
— 2 Intersections deployed with Radar, RSU and CMS

« [Intersection between Kaixuan
4th Rd./ Zhongshan 3rd Rd.

* Intersection between Kaixuan
4th Rd./ Zhenxing Rd

— 8 Trams equipped with OBUs
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IRoadSafe Deployed In
Taiwan’s First Autonomous Driving Test Field
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Real-World Deployment of iIRoadSafe

With support from MOTC, iRoadSafe has been deployed at 21 sites of 9 cities
across Taiwan (& - #db - 546 - thkE - 117 - a9 - EiR - &8 - S&) for
field trial since 2016.

Field Trial Deployment in Taiwan

iRoadSafe has already been deployed and tested in 4 cities (Keelung, Hsinchu, Nantou, and Kaohsiung) in

Taipei @
. Keelung

Taiwan, including 8 intersections with different geometry and 2 highway ramps.

Hsinchu

®
. Nantou

Taichung

' Tainan

Kaohsiung

Freeway Interchange (Y-shaped intersection)
Forward collision warning
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ITRI WAVE/DSRC Communication Unit (IWCU)

20718 2017

V'

AR —

+IEEE 802.11p / 1609&

-I[EEE802.11p/ 1609 &

ETSI TS 102 spec.
-IEEE 802.11p / 1609& 5 -IEEE 802.11p/ 1609 &

ETSITS 102 spec. ETSITS 102 spec. E‘:;%fég‘ﬁ%’% g"dg’(‘]’”'e ETSI TS 102 spec.
+Hardware Security Module +Hardware Security Module . Protocol Stacks Compliance with -Hardware Security Module
+Real-Time OS (ThreadX) -Bluetooth 4.0 (BLE) MISRA C 2012 P! -Real-Time OS (ThreadX)
+Protocol Stacks Compliance +Real-Time OS (ThreadX) T +Protocol Stacks Compliance with

with MISRA C 2012 -Mini-PCIE form factor, Plugtests (EU] participation 2016 MISRA C 2012

(proprietary pin define)

Plugtests (EU| participation 2015

2013 -

2012 -

Description:
M WAVEDSRC SR SIREER (WAVEDSRC Commusmcation Techaokogy for Telematics) 5 THITENE
BTN T AME TR
S SR e lligral e, [T5)LLELARS L5
& BORNNS EEE 4
L4 i ) 3 h g
FIAM DSRC V2V Veluole 10 Vehicke MRIAMAERT SRNUT -MEHGEDETE 200 TSN NFRANSMER L
B
Features: IEEE 802.11p / 1609
AAmAR S e et -IEEE 802.11p /1609 & ETSITS 102 -IEEE 802.11p radio with EIRT5:102 spec; -IEEE 802.11p / 1609 & ETSI TS 102 spec.
o G e -Designed for fiexibleV2X application  Mini-PClinterface 2012 USDOT Research ~ -3G/3.5G/ LTE/BT 2.1 +EDR/ WiFi -CAN bus 2.0
o deployment +Provide system integration Qualified Plugfests (US) participation 2014
Specification: Application: Dimension: 9.3cmx 7.4cm x 2.8cm  service for target platforms Products List (rQPL) Plugtests (EU] participation 2011, 2012, 2013
LR . IR ROBUMIY » AEV2V ALY > =
i - VIRRSHBRER - VIS EREN
Aunctalks PLUTON2 RF chip © VIPFURBHT A - VIMAURBIE - V2P
¢ Tassen i
- S 2011 - 2010 < 2009
2 WCANZIB
® AT
D53 imarface for consale.
- ' H
i
IEEE 802.11p & IEEE 1609 IEEE 802.11p
Contact:  mmesoyies PCMCIA Type Il Card bus 3G/35G/ WiFi IEEE 1609
\ et syt crg ) Wireshark packet analyzer CAN bus 2.0

Copyright 2018 ITRI TZR A 7Ehr




Empowered by K. ¥ FProject
Surrounding Sensing Subsystem

T B E b ElFE

SEEABEMEE Y

HEN BB A RAMR

= B AR Ee B B e — T 4
- AAERENEBSAE

HIRE T AZERSEFIE E%—E S iy THI
i ERIERBRRAEEKRR 24-7 & BZ HEE Hk/éf%ﬂ—b WIIE:E37 Sy
MEEE  EBEERMER o RIERE
REND!

- . FHIBEER A Z 4 - iRoadSafe -
IRIREEGZEEPE - RO REBOSESIEEIERER
{EWKBERL - BiRE WErTQi’mﬂZ - BAEAE  FEEEEHEH

h FYES 3BT HE

THRERERPREE
EEAHEREPEERE

Copyright 2018 ITRI TZR A 7Ehr



Empowered by K. ¥ FProject

S3 Partnership Program ‘e ‘s suseysion
i'ﬂ}a ‘rf"’k :“ﬁ ..wbé. e 3 b fE-*; /._]»_;_Li

%mm&L}$*ra#Eﬁ@%ﬁ$%é#b A WIS B
i&*ﬁﬁyﬁﬁs&#* ADASJ}g&e#—gﬁ’!@,ﬁjg#—g » UE BT IE
ﬁ%’ﬂﬂbpmiﬂﬂ#*d?ﬁﬁy’“i 77

C.M

B e RAR R
BT/ EE s O) SrETT EEXESERH#
c EEARAH KSR s AWM EEE ,'%'cu:@mﬁpgq Your Products 'f(czm?vm/z
. i‘;gg:}t‘* PP 3 : ;;;2;;‘::4; on Aufonomous Onm‘nﬁ
5 M 3 2 BAE 218/ a o R . s AR
8 4%/ B & e

F e
wopicrron  EaUnex

Aaaty'
EXNE
FozBesYamrs,

‘ L
- R EA KRS e UTEO

© BFRA KR s H
. DR EHER A= AR5 P9 2 -

o BRI 320 m— . RoyalTek Inventec
* WSt BT
* RASKIRAT & X%
o B ISRIE R IE X 3%

- » ,ﬂ
W STeeernics - Hiua om

ALPHA

ﬁh%ﬁnﬁ. - m a ﬁ ’i

S3 Partnership Program Website: https://s3pp.itri.org.tw/
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ITRI

THANK YOU FOR LISTENING!

Andy, Department Manager

Division for Telematics & Vehicular Control System
Information and Communication Lab.

Industrial Technology Research Institute

195, Sec.4, Chung Hsing Rd., Hsinchu, Taiwan

E-mail: andyjeng@itri.org.tw

Industrial Technology
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