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To All People around the World,

We thank you very much for your enormous support for our recovery and
reconstruction in the areas devastated by the 2011 Tohoku Earthquake and Tsunami.
Although we still experience many difficult days, going through this hardship has
allowed us to discover new ways to strengthen bonds that invigorate our attitude
toward reconstruction and revival.

In this situation, the automotive industry has largely been considered a major center
of economic opportunity because of its economic impact. All over the Tohoku region
but especially in Miyagi prefecture, the expectation for the automotive industry is
enormous. Emblematic of this expectation is the recent startup of the Toyota Motor
East Corporation.

Our project the “Strategic Regional Innovation Support Program” supported by
MEXT (Ministry of Education, Culture, Sports, Science and Technology) kicked off in
July 2012 in order to realize the reconstruction and revival of Tohoku, through the
development of new products and system by the collaborative efforts of industry,
academia and government. This collaboration is primarily based on the strong and
diverse R&D at Tohoku University, a leader in domestic and international education.

As a research-oriented university, Tohoku University has been involved in a number
of collaborative efforts with big business but less so with smaller, local businesses.
As one might assume, the importance of developing local businesses is of the highest
order. Since June 2012, we have held a wide variety of events: Research information
session for local business people, over thirty lectures for manpower training, more
than forty laboratory tours for local business people, our researchers were invited to
tour local companies, and poster presentations by all laboratories which joined in this
project. These events broke down the borders separating the university from
local businesses and as a result a number of new collaborations have begun to bloom.

We also understand that there are many leaders who are trying a variety of
challenges to realize both global and local innovations in next generation
automobiles. We are very happy to organize an international symposium on
global/local innovations for next generation automobiles by inviting such worldwide
leaders and design a variety of ways to realize global/local innovations in next
generation automobiles. We have to emphasize that many local companies
greatly contribute to this symposium in addition to leading laboratories in Tohoku
University. We sincerely hope that this symposium provides opportunities to
deepen our friendship and promote reconstruction and revival of Tohoku Area
through a variety of challenges for the innovations in next generation automobiles.

Katsuto Nakatsuka, Project Director

Akira Miyamoto, Chairman of Research Promotion Committee



Contact

Project Office

Intelligent Cosmos Research Institute Corporation
Next Generation Automobiles Division

Address:
Miyagi Fukko Park, 3-4-1 Sakuragi, Tagajo, Miyagi, JAPAN 985-8589
Phone: +81(JAPAN)-22-352-7462  Fax: +81-22-352-7463

Research Promotion Committee

Miyamoto Laboratory
New Industry Creation Hatchery Center, Tohoku University

Address:

403 NICHeII, 6-6-10, Aoba, Aramaki, Aoba, Sendai, Miyagi, JAPAN 980-8579

Phone: +81-22-795-7233 FAX: +81-22-795-7235
E-mail: ¢_innovation@aki.niche.tohoku.ac.jp

Please visit our official website for details of the project;
Www.miyagicar.com

If you have any inquiry, please contact the laboratories and companies
directly. And please don’t hesitate to contact the Research Promotion
Committee to refer which of them may help you.



International Conference “Global/Local Innovations for Next Generation Automobiles”

Organizers: A. Miyamoto (Tohoku University), P. Kapsa (Ecole Central de Lyon),
M.C. Williams (URS Corporation), and K. Nakatsuka (Intelligent Cosmos Research Institute)

Joint Session of Eleventh International Conference on Fluid Dynamics (ICFD2014)

CS3: “Global/Local Innovations for Next Generation Automobiles”

*Date*: October 8(Wed) — 10(Fri), 2014
*Conference Site*: Sendai International Center, Sendai, Japan

*“Website*: http://www.miyagicar.com/

http://www.ifs.tohoku.ac.jp/icfd2014/sessions/index.html

October 8 (Wed)

12:00-12:50 Lunch Meeting / Sakura 1

13:00-13:10 Opening
Akira Miyamoto, Philipe Kapsa, Mark C. Williams, and Katsuto Nakatsuka

13:10-13:50  The future of electric vehicles 1
Hiroshi Shimizu (Keio University, Japan)
13:50-14:20 Next-Generation Advanced Mobility System 4

- Promotional activities supporting local industries -
Fumihiko Hasegawa (Tohoku University, Japan)
14:20-14:30 Building Smart Society by EV&ITS 8
- From Goto, Nagasaki to Tohoku and the World -
Takahiro Suzuki (Tohoku University, Japan)
14:30-14:40 Application to Next-Generation Advanced Mobility of

Wireless Charging and Information Display e 10
Masahiro NISHIZAWA (Tohoku University, Japan)
14:40-14:50 Utilizing of driving simulator for the earthquake disaster reconstruction - 12

Shigeyuki YAMABE (Tohoku University, Japan)

14:50-15:00 Break



15:00-15:40

Green transportation - a challenge for European automotive industry ———

Wolfgang Winkler (Hamburg University of Applied Sciences, Germany)

15:40-16:20 California to South Carolina : US States at Work
Shannon Baxter (South Carolina Hydrogen and Fuel Cell Alliance, USA)
16:20-16:30 Break
16:30-17:10 Future USA and Global Vehicle Emissions Legislation and
Real World Emission Monitoring
Leslie Hill (HORIBA Ltd., UK)
17:10-17:20 NH;-DeNO, Activity of Composite Catalysts [Meso-Ce,Zr; O, + Micro-Fe-Beta] -
Parasuraman Selvam (National Centre for Catalysis Research, India)
17:20-17:30 The Age of Big Competition Next Generation Automobile Business
Tokuta Inoue (Tohoku University, Japan)
17:30-18:00 Poster presentation & Discussion
October 9 (Thu)
ICFD Joint Session CS3

CS3-1 9:00-9:30 Changing International Face of Transportation and Energy -

CS3-2 9:30-10:00 Overview of the Automobile Industry in China

CS3 -3 10:00-10:30 Advanced NDT to Monitor Friction Stir Welding

10:30-10:40

10:40-12:00

12:00-12:50

13:00-13:40

Mark C. Williams (URS Corporation, USA)

Noriko Hikosaka Behling (Author, USA)

Gerd Dobmann (Saar University, Germany)

Break

Short Oral Presentations of Poster

Lunch Meeting / Sakura 1

Automotive Industry and MEMS Technology
Yutaka NONOMURA (TOYOTA CENTRAL R&D Labs., Inc., Japan)
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13:40-14:10

14:10-14:20

14:20-15:00

15:00-15:10

15:10-16:30

10:00-11:00

11:00-11:10

11:10-11:20

11:20-11:30

11:30-12:00

12:00-12:50

13:00-13:30

13:30-13:40

13:40-13:50

13:50-14:00

Heterogeneous Integration by Adhesive Bonding 62
Masayoshi Esashi (Tohoku University, Japan)

Break

Three Principles of Making Profit with Big Data e 69

Kazuo Yano (Central Research Laboratory, Hitachi, Ltd., Japan)
Social Innovation using Robot Technology -Toward Autonomous Transportation- 71

Kazunori Ohno (Tohoku University, Japan)

Poster presentation & Discussion

October 10 (Fri)
Key Technologies for Addressing the Challenge of Autonomous Vehicles -~ 73
Christian LAUGIER (INRIA, France)
Dynamic Motion Control of a Vehicle with a Large Sideslip Angle e 79
Kazuhiro Kosuge (Tohoku University, Japan)
Development of High Torque Density Axial-gap Switched Reluctance Motor for
Next Generation AUtOMOTIVE - 82
Hiroki Goto (Tohoku University, Japan)
A new concept car for sustainable development and health 84
Hideomi Koinuma (Tokyo University, Japan)
OVERVIEW OF RESEARCH ACTIVITIES 86

Shai Cohen (George Mason University, USA)

Lunch Meeting / Sakura 1

Realizing new automobile system and related products based on university studies 89

Katsuto Nakatsuka (Intelligent Cosmos Research Institute, Japan)

Industry-Academia Collaboration 91
Toshio Kato (Intelligent Cosmos Research Institute, Japan)

Materials for the Next Generation Automobile 92
Yasutaka IGUCHI (Miyagi Organization for Industry Promotion, Japan)

Case Study Oversea Business Automobile Sector (case of Malaysia) 94

KOUADIO Shima IEKI (Kidskingdom International Inc., Japan)



14:00-14:10

14:10-14:20

14:20-14:30

14:30-14:40

14:40-14:50

14:50-15:10

15:10-15:20

15:20-15:50

15:50-16:30

16:30-18:00

An Image Recognition Processor using Phase-Only Correlation Algorithm -
Naoto Miyamoto (Tohoku University, Japan)

Multiscale Multiphysics Computational Chemistry Approach for

Global/Local Innovation for Next Generation Automobiles -
Nozomu Hatakeyama(Tohoku University, Japan)

Concrete sustainability -Application to road pavements-
Patrick A. Bonnaud (Tohoku University, Japan)

Innovations for Next Generation Automobiles: Contribution of tribology -

Sophia Berkani (Total Marketing & Services, France)

Break

Next Generation Vehicle Self-Drive Control Concepts and Safety Requirements :

A RESEATCH PLAM oo

Thomas Behling (CENTRA Technology Inc., USA)
What determines the future? - innovation, agglomeration and institutions —

Masato Hisatake (Tohoku University, Japan)

Global EV Platform in JeJu

Jae Chan Park (IEVE Organizing Committee)
Flexible Production for New Car Concepts

Franz-Josef Woestmann (Fraunhofer-Institute, Germany)

Poster presentation & Discussion

Concluding Remarks: Akira Miyamoto, Philipe Kapsa, Mark C. Williams, and Katsuto Nakatsuka



The future of electric vehicles

Hiroshi Shimizu

CEOQ, e-Gle Ltd. & Professor, Keio University, Japan

The future of electric vehicles e-Gle Introduction

Utilizing Chances in Electric Vehicle Industry Japan is the most successful country in the fields
of Electric vehicles and Hybrids

= & :

O Why Japan was successful?
O Which direction will be the future trend of Japanese
Hiroshi shimizu . electric vehicles?
B O What is the supporting innovation concept?
e-Gle
Sendai, 8th of October 2014 S e

Hiroshi Shimizu

: Global Shares of Electric vehicles &
e-Gle Shares of global production 2012 e-Gle Hebid vehicles salec 2042

About 82 Mio Vehicles were produced in 2012 About 1.6 Mio EVs were sold in 2012 worldwide | 3, ~3 g \Mio, Units Hybrids
= Shares of sales by origin of technology | capital . .

; : and Electric vehicles
sold in 2012
worldwide!

» ™~1.4 Mio. units were
Japanese brands!

.| » ~9800 000 units sold in

Japan!

[Source: Markdines)
Japan is the biggest producer and consumer
{Source: Marklines) market for Electric vehicles & Hybrids

Hiroshi Shimizu Hiroshi Shimizu

Why Japan was successful in the field of = e R T
g The structure of Internal combustion
e-Gle Electric vehicles and Hybrids ? ) ;

engine vehicles

Government, OEMs and Suppliers all played a vital role
with their efforts in the early stage

Motor (Hybrid vehicle)

O Japanese people have suffered from big air pollution in 1960's

and damaged economically by oil shock in 1973
Differencial

O Fundamental research and development activities (science and gear
industry) have been done continuously from 1970's supported

by the government
O Decision of car OEMs to go for EVs and HEVs

Internal combustion engine
People’s mind, fundamental research and decisions of industry &
government were combined together at an early stage
Hiroshi Shimizu Hiroshi Shimizu




Fuel cell car

Hiroshi Shimizu

e-Gle Efficiency of ICE and Electric vehicles

Transmission £ a;ze Motor / 3\
Generation | —
53% ‘36 BO% —
@ @ Electric vehicle
35%

gzu 0

Renn@ﬂw o0 | ==

| Ice vehicle
Trans " Jce' " Mechanicall
-potation
«  dloss o
% 98 \__%._._

9.6%

Why electric vehicles? Very high energy efficiency.

Hiroshi Shimizu

P¥e ] 1 he value of outstanding electric vehicles
everyone want to buy

Highest Driving
Performance

Easy to drive
& Comfort

Long enough
Range per Charge

Realize by the performance of components

and the structure of the vehicle.

Hiroshi Shimizu

e-Gle Which technology will survive ?

Not necessarily the “best” technical solution survives!
her F: h. m

Consumer orientated - usability, service etc.
Production orientated - low production costs, easy to make etc.
High efficiency - running costs, energy consumption etc.

ooo

Technologies succeeded as a combination of these factors:
LCD display (against plasma), ICE & TGV against Linear Magnet

Hiroshi Shimizu

e-Gle Evaluation of technology

EV
HeY h:;';; E:;:':;r Fuel cell
Usability +++ ++ +++ +
Efficiency ++ +++ +++ ++
Simplicity ++ +++ +++ +

Hiroshi Shimizu

O The evaluation of technology shows
that currently EVs with range extender
seems to be most promising.

O In-wheel motor has a 30 % higher
efficiency than the conventional drive system.

BMW i3

O Only considering optimization of total drive system will create
the best electric vehicle

Li-lon Battery, Ne-Fe Magnet, IGBT invented and developed
so far are enough to realize the high-performing EV

Hiroshi Shimizu




e-Gle Structural Elements of Platform

FUEL TANK

VEHICLE ; FEAME WITH
BUILT-IN
CONTROLLER salbod

INTERNAL
COMBUSTION
ENGINE

INVERTER
IN-WHEEL  (SPEED CONTROLLER)

MOTOR

LITHIUM-ION BATTERY
PERMANENT-

MAGNET MOTOR

Hiroshi Shimizu

* INTERNAL
COMBUSTION
ENGINE

IN-WHEEL
MOTOR

What is the next step of electric vehicles ?

e-Gle

The automated driving.
Electric vehicles should be driven without drivers.

O Avoid accidents
and traffic jam.

O Save the time for traffics.

Q Everyone can go anytime
and anywhere.

Hiroshi Shimizu

e-Gle Final Target

O Developing the next generation vehicle

- High performing and environmental friendly

- Capability have to enough to be accepted in the society
O Distribute the vehicle to all over the world

QO People in the world should have comfortable mobility and
sustainable environment

Collaboration among all the people in the world
are the key of developing mobility for the global future

Hiroshi Shimizu




Next-Generation Advanced Mobility System

- Promotional activities supporting local industries -

Fumihiko Hasegawa

Professor, Deputy Director, New Industry Creation Hatchery Center, Tohoku University, Japan

Oct. 2014

Next—Generation Advanced
Mobility System

- Promotional activities
supporting local industries -

‘r\" Sen =
me Fumlhiko Hasegam,
Deputy Director
New Industry Creation Hatchery Center,
Tohoku University

g

About NICHe

H Partnership between Industry and University

Established in 1998

Planning & Management of Collaborative Research
Projects to Provide Solutions for Industry & Society
20 Research

Projects
JPY 2.9B Budget with 232 staff, including 1566 Researchers,
.01 Oct. 19, 2013

NICHe Guideline for Projects

1, World Leading Research

2, Predetermined Period, 3 to 5 Years Typical

3, Needs Oriented & Large-Sized Project
with Industry & Government

4, External Funding

Advanced Mobility System Research

Miyagi Reconstruction Park

Contactless Power
Transmission
X

Autonomous Driving

Contribution to Local Community

1, Miyagi Fukko, Reconstruction Park

2, Traffic Control, Safety, User-friendly

3, Evacuation at the time of Disaster or Emergency
4, Energy Supply in the Event of Electric Outage

Site:

- Miyagi Fukko, reconstruction Park (Tagajo)
- Aobayama Campus (Sendai)

- Tohoku Coastal Area i.e. Ishinomaki, et.al.

Miyagi Fukko, Reconstruction Park
Hub for Collaborative Research Activity for Next-Generation Mobility
in Devastated Area
Total Floor Space: 39,000m?, Free of Charge for 10 Years

Shared Use Instrument : METI

Motion
Capture

Driving
Simulator

Rapid
Prototype

3D Printer

1% Floor, F40

Miyagi Fukko, Reconstruction Park
@MNICHGc

Autonomous Urban Traffic
by Micro EV

Automated Next-Generation Mobility in Urban and
Tsunami Devastated Coastal Area

Photo 2




EV for Energy Management
Energy Combined with Mobility

Information of Batiery

Small Size EV for
Demonstration
@NICHG

H R&D: Human Behavior Analysis
at Advanced Mobility

Simulator Development for Human Behavior Analysis in the time of Disaster
Investigation and Modeling of Mobility Capability of Elderly Citizens
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H For Disaster Prevention and Mitigation

= Should Evacuate on Foot, Some by Car
without Thinking, Others Have to by Car

-> Provide Adequate Information Through
Traffic Simulation and Earthquake Dirills,

Assessment of Feeding Station and Road Construction for
Efficient Evacuation from Disaster

-> Contribution for Disaster Mitigation Town

Utilize EV and Large Amount of Secondary Battery in the time
of Disaster

-> Contribution to Adequate Distribution of Electricity

Visits for Restoration Model
within and outside of the country

= Receiving inspection groups from countries
in reconstruction by JICA
2013: Somali Democratic Republic (Africa)

2014: Republic of Mali (Africa)
B

Somali Democratic ﬁnlic (Africa) Republic of Mali (Africa)
@M

Advanced Mobility Research Integration
i | Human Benauior analyss |

RED with Local Industries

Research & Development of
Energy-Mobility Management System

Show how much energy is
generated and consumed _&




ﬂ Energy-Mobility Management System Research

Energy & Mobility
Integrated Simulation

Human Behavior Analysis

Practical Diffusion
and Operation In
Tohohku Coastal Area
(Ex. Ishinomaki)

Research & Development of
Energy-Mobility Management System

© Field Experiments [:>

in Aobayama Campus
© Autonomous Driving of
Efficient Micro EV

Develop to Coastal Area
(Ishinomaki, etc.)

© Develoy t of Mode-Changeable EV
Supply Energy from EV in Emergency

<. Bl

Energy-Mobility Management System
- Integrated Simulation of Mobility and Energy -

B Macroscopic Traffic Simulation evaluating Energy Consumption

= Using Keihanna and Goto EV field data

- Integrating with traffic data in coastal area of Sendai and Ishinomaki

~ Possible to evaluate energy consumption of EV and traffic effect by charging action
M Integration of Traffic Simulation and Tsunami Simulation (Ishinomaki)

Aobayama New Campus & Subway Tozai Line
Up to 10 thousands Commuter, Only One Subway Station
No Feeder Transportation in New & Existing Aobayama Campus

2023FY - A
Vehele D Campus Mall Zone, Aobayama New Campus
~2015 FY A Aobayama, New Campus & EastZone a
Pilot Study 1 Determine the best way to the Mobility in Acbayama
T [}
Pilot Study 2 Aobayama & Kawauchi Stations and Other Campuses 5

Aobayama Campus Smart Mobility Vision

[Concept] (Planning)
Smogth Transfer to Multi-Mode. Devel f S ‘ort

y @NICHe
Subway Station:
As a Hub for Next Generation Mobility

ikeharing ;
Co-creating Optimum Mobility with Community
Experience of Advanced Mobility




On-demand Car Sharing
& Providing EV Trip Information

\;1

Automated Car-Sharing Dispatch and
Surveillance using Robot Technology

& Development of environment
recognition and control
technology for autonomous
driving an public road

® Development of traffic data
collection technology and
cooperation with data
analysis

<Application example>
® Efficient operation by
automation of a part of car-
sharing (night-time, closed
ce|

night or in emergency in
campus

Smart Mobility System in Tohoku University
Aobayama Campus

Subway Tozai Line
opening
- Bus

=Y
D | Ticket for Students |
Intra-Campus Smart Traffic System
around Acbayama Campus

f’llll'ﬂ-cﬂy Traffic
({Inter-Campus Traffic)

Student Use Trend Survey |
| & Traffic Violume Survey |
for System Construction




Building Smart Society by EV&ITS
- From Goto, Nagasaki to Tohoku and the World -

Takahiro Suzuki
Professor, Deputy Director, New Industry Creation Hatchery Center, Tohoku University, Japan

EV friendly islands : Goto Islands, Nagasaki
“Z 8" (Goto) = “five islands”

O bratalled quick charges and IT85 spots o wach sighismomy

o i
S St
: e eth

Building Smart Society by EV&ITS
- From Goto, Nagasaki to Tohoku and the World -

O

Takahiro Suzuki
Tohoku University, New Industry Creation Hatchery Center (NICHe)

EV&ITS Station Network Model : EV Quick Charger & ITS spot Regional ITS spot service for EV

: | Integrated - Tourism Info
L itomagon i el

- Charger Info

Quick Charger
Network

- Micro Grid Model Construction
{now constructing)

Nagasaki EV&ITS station network model




Hisaka-jima island (Goto, Nagasaki) Research & Development of

Energy-Mobility Management System

Show how much energy is
generated and consurmed

Aobayama Campus Smart Mobility Vision
(Planning)
Smooth Transfer to Multi-Mode

« Field test of integration
component system

« Live showcase for local a

» Contribution to regional so

EV demonstration in Tas
& Hearing local nee

EVs are charged
at sightseeing spots




Application to Next-Generation Advanced Mobility of
Wireless Charging and Information Display

Masahiro NISHIZAWA

Associate Professor, New Industry Creation Hatchery Center, Tohoku University, Japan

Application to Next-Generation Advanced Mobility
of Wireless Charging and Information Display

, Kensuke HATAKEYAMA, Takahiro ISHINABE
Hidetoshi MATSUKI, Hideo Fujikake, Fumihiko HASEGAWA

New Industry Creation Hatchery Center, Tohoku University
Aramaki Aoba, Aoba-ku, Sendai, Miyagi 980-8579

nisizawa@niche.tohoku.ac.jp

ITS information inl'lé.'ullr“tmru

The automotive techru:-iogy
. studies and development base

Mew campus in L
Tohoku University

Earthquake disaster
~  damaged arca

comprehensive energy
management of the city

Demonstration experiment of the wireless charge

Outline of Wireless Charge

Concept of the frequently charging

[ty o g s demonded |

Demonstration experiment of the wireless charge to CAPACITOR

The capacitor is suitable for performing a little ct

rapidly.

The capacitors were equipped to EV,
and was perf d

with Matsuki Lab. 5

Rapid charging to EV by using capacitors

] 10 20 ) I 50 s
Time / sec
The extension of the driving distance
N5 Y can realized by increase of the
° 2 pacitor capacity and the |
10Wh moves the of the charging current.

car 400 - 500 m

Slightly short 6

with Matsuki Lab.




Curved surface display on the dashboard

Real-time monitoring of the vehicle
information

with Fujikake Lab.

Challenge to advanced information display to EV

The actual situation and approach of the information display for cars

Head-Up display for drivers

One of proposal images to the future
Display makes dashi see-through. Immn&wm I
NS =

Target information | o=
| 8

Latent problem of the display for the car

At the time of a crash
Apparatus moves around the inside of car

Head of crew hits the apparatus on the dashboard

{ The display apparatus should be soft |

Application image of the flexible display

The soft flexible display is installed on the dashboard.
manufactured in Fujikake Lab.

The display is installed in any place in the car,
Because the softness is not spoiled,
the protection of the crew will be kept at the time of the crash.

with Fujikake Lab.

Challenge concept of projection display

Dashboard is made of soft material, for the
ensuring safety at the time of the crash.

The projection display does not change the &

# M, Nishizawa et al.,

g

softness of the material. will matesialize hyper-micro projector

b

Ordinary light
disiribution of the LED

(2011), 1385-1388.

of the 18th Displ

i




Utilizing of driving simulator for the earthquake disaster reconstruction

Shigeyuki YAMABE

Associate Professor, New Industry Creation Hatchery Center, Tohoku University, Japan

> MNIRRR —
Background
International Conference “Global/Local N
Innovations for Next Generation Automobiles ntthe Higdetl Nippon Eeliguile
disaster, tsunami struck the car of
on October 8-10, 2014 traffic jam.

Utilizing of driving simulator + Train or airplane has professional

ca

for the ear ?f'?(ﬂ!'c"if\'e d ster drivers who will induce us.
reconstruction The car does not have a leader that
will induce.

TOHOKU University
New Industry Creation Hatchery Center(NICHe)
Shigeyuki YAMABE

Purpose & Approach ~~ Driving Simulator’s Spec

R R R R R R R
Establishment of evacuation training method of the car

]

! Fj‘"-‘-'.‘-._

What driving simulator does is

To reprod v D / ca n device of

-190mm~ -12deg~
rang +180mm | +190mm +230mm +12deg +11deg +11deg

MAX
velocity
MAX
acceleration

300mm/s | 300mm/s | 300mm/s 20deg/s 20deg/s 20deg/s

4.9m/s? 4.9m/s? 4.9mfs? - - =

Driving Simulator

To preliminarily evaluae
infrastructure L& Driving simulator is useful for
Constrisction of virtual space in | experiments which would be
varlous infrastructures makes it casy 1 _. . dangeroas otherwise. Drivers'
1o find layout of panels and signs for - . respoise 1o hazardous events can be
hbetter recognition from drivers and . b ‘evaluated through drive actions and
analyze frequent accident zanes as. - biodogical signals.

well as to verify elfectivencss of
evacuation guide paths toward
estaration.

characteristics
To evaluates simulator 4 : mrmv#*wlemﬂm?ﬂ:
Vehicle on the sinulator can be . 3 SRl Tots e ovphariog Wi
seplacd with diffcrent oncs. This T ekind msions s atle
ennbles simulstor evalustion for befter driving. brake assist, camera-based
reality of driving operation and environment sensing 2s well 2
wvisible images. ! evaluation of cabin layou with real
> I ¢ B cale body,




Example of utilization, Part 1

® Validation of the traffic signal for an in-vehicle 1
u

oy To avoid confusion, established
an in-vehicle traffic

E signals.(Head-Up Display:HUD)
NN

At the earthquake, traffic signals

The Iine-of-sight- measurement
would not be lighting

by Smart Eye systems

Example of utilization, Part 2

® Validation of the traffic signal for an in-vehicle 2

Direction of the

\ Direction of the sea
hill is congested

(opposite direction)
is not congested

Want to be able to
drive temporarily
Understand

v - opposite lane
the bocation | |
of each

Road capacity is
doubled

Proposal of evacuation training by vehicle

earthquake

nent to the
rone area

Thanks for your kind attention !




Green transportation - a challenge for European automotive industry

Wolfeang G. Winkler

Professor, em. Director of Institute of Energy Systems and Fuel Cell Technology

Hamburg University of Applied Sciences

Sustainable development realization

Tool:
Thermodynamics
2" law

Entropy flow of society as the scale
mepmdsﬁnuihemle

Overview reversible Processes

megeh
h
fif
2
Distance AB
A B

Potential difference h | Potential difference | Chemical Potential
Tm-Tﬂ

No s Sfrom:  |Reversible S (A"S)
Tacurce 85

Reversible = T i e

mechanical System Y (Camot) ¥ (Gibbs)

Boundary process of real process

Exergetic Efficiency

(-EM&
Exergy

Boundaries of Reversibility

System design Reversible
without decision Structure 1l
about geometry (virtual)
Geometric Visible Entropy
description of Production C
solution (real)

Reversible transportation principles
Pendulum.

Demand on external
energy storage and
supply of work

Demand on internal
storage and conversion
of energy

ARCHITECTURE

Reversible vehicle structure and operation modes

m-v¥2; m-g-h A'G
i Power machine

Siowing o
Uphill
Downhill




Energy conversion and storage Example: Reversible H, Utilization
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Cluster of reversible activity platforms «Reversible® Reference Vehicle

i Entire System
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LAll-Electric” System

+Reversible” Reference Components Reversible and Irreversible Demand
| Entire System I Wheel & drive train resistance
E,y =008f-m, - g-(Coy ¥, +Coy VI It

o | dssipaton > foss Todsr
Eu=apa A Vit ™

Cabine

A,..cross section of vehicle, cg, Cgy.

L ient, ¢, .drag resi h..height,
mi..vehicle mass, m,..reduced mass, v,..vehivie velocity, f..slope angle, p,..air density




Overview entropy flows in land vehicle Study reference data
+ Vehicle mass my, 1000 kg
* Reduced mass m, 100 kg
+ Drag resistance coefficient Cw 0,25
= Cross section Ay 1,8 m?
* Resistance coefficient Cro 0,01
+ Resistence coefficient Cry 0,000001
+ Mission term £ 100 s
prree WO A + Slope angle 10°
; PVMM;\«" >To A8 w i
'E'Asﬁr,m.m & meﬂﬂ
Cumulated energy demand Speed influence on recuperation potential
2800 30000
& 20000 p=10° ~Acceleration 2 25000
< 3'=2 resistance =
E 3 20000
] 15000 - ~Slope resistance 5
58 E 15000 |
z § 10000 =Alr resistance "% 10000 |
£
G 5000 - - ~Wheel drivetrain £ 5000
~— . _—= resistance 0
0 Y 10 20 30 40 50 60
1§6 2?3 ﬂ?g 112 ?go 29!1% 36 72 108 144 180 216
Driving speed v, inm/s km/h Driving speed v, inm/s km/h
Equivalent height h for recuperation Recovery potential
250 08—
£ 0.8 ==
£
= § 200 > 07
TS 150 | £ ot ==
£ % g 05
= 04
100 > ¥
2 g « X 03 _
g 50 = 0,2 Improvement soption:
g § 0,1  Reduction of dissipation
0 0
10 20 30 40 50 80 10 20 30 40 50 60
36 72 108 144 180 216 36 12 108 144 180 216
Driving speed v, inm/s km/h Driving speed vy in m/s km/h




Heat supply for cabine

Fuel-
4 cell

35 D Ces=Cme

Battery Grid
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Storage structures

Surface storage

S Voo = Ass 80
Elactrode surface formed by internal channels

Principal electrical storage processes

Stored electric work
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Surface storage
C(A)=ny S,

Substance concentration of reference substance A,

? 1,00E+06
s \ Maximal
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JAll-electric” transportation systems

Typical mission parameters

Velocity |Rel.mass |Height Cycles /
km/h kg/person |m mission
Ship 40 20000 0 1
Airplane |850 600 10000 1
Land High
vahidle 100 400 0 - 1000 mber




Sustainable all electric transportation

Transportation system

Transportation infrastructure Fuel supply.

Vehicle power supply

Grid connection and velocity benefit

Storage
(grid)
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i i Battery
% s Mass Ratio
25 =
g 2 =B
E 15 ~-10
1 Storage
{u (e.g. fuel)
S0 : :
05 1 15 2 25
Yev empty vehicle-payload mass
ratio without dissipation

Smart grid and vehicle power supply logistic

Grid supplied autonomous mobility
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Daily average number of trips in Germany
automotive transport
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Average range of daily trips in Germany

automotive transport
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E-mobility innovation synergies

Change of industrial structure and reversibility

Micro-process technology

Function: Surface A
A=(d+2s) n-l
Property: Weight W ;
w=p-fg+257 -7} =

Similarity (e.g. inner pressure load)

% 9z - const.
Industrial —
Structure Change
Area/Weight ratio Powertrain and Reversibility
12 |
% 1 '{Engine
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o -1 5
s 6 Processes .
2 W ' Load e
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Available electric driven vehicles in Germany

=EV

= Plug in Hybrids

e s
(=T~

MNumber of offered models

L=T0 A L

Source: VDA, VDIK

Distribution on German market

sEU mImport

Plug-in hybrid

Comparison of virtual fuel consumption

Es

-

g 7 ® Plug-in hybrid

-

=6

£ 5

54

g 3

a 2

81

B0

w Minimum Mean Maximum

Conversion efficiency 30%; LHV=9,8 kWh/|

Source: VDA, VDIK

Fuel consumption in (100 km)
O = NWsOOD~

Source: VDA, VDIK

Comparison of virtual fuel consumption

mEV mPlug-in hybrid miCE-Hybrid

Minimum Mean Maximum

Conversion efficiency 30%; LHV=9,8 kWhi

Comparison of installed engine power

=EV =Plug-in =ICE-Hybrid

Installed power in kW
-
2

300
200 I
100
NP o . =
Minimum Maximum
s VDA, VDIK Conversion dﬁeienw 30%; LHV=9,8 kWhA

16000 Design and performance of available EV 5400
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- 16,00

%120.00 14,00
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B 60.00 | 800
§ o 2
& 20,00 | 2,00
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0,00 50,00

Source: VDA, VDIK
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Installed power in kW

Specific energy demand
KWHh/(100km)




Design and performance of available Plug-in hybrids

50,00
45,00
40,00
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0,00
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Total exergy

KWhY(100Kkm)

Electricity, converter 2=30%

KWh/(100km); kg/kW

300,00 400,00 500,00 600,00 700,00

Installed power in kW

Source: VDA, VDIK

“Needed” electrical vehicle specification

# Max. Range 150 km
—+83% of daily trips of private vehicles

—81% of daily trips of business vehicles

# Mass power trainVehicle mass 20-30 %

» Max. Operation time 120 min
—+B6% of daily operation time

—=> 85% of total operation time

= Maximum speed 130-150 km/h
# Recharging periode individually
# Life time/Load cycles >10.000
—more than 9 years at 3 load cycles a day

= Total price <15.000 €

Overview automotive research projects in EU

BROWSE
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PROJECTS

Research project funding per country
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Research project funding per technology
mEU

higher project number
= Total g‘

.I£|||.I L
f & ﬁf f’

BNetherands
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s
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Research project funding per technology
lower project number

C=NWAENDNDOO

B

@ Finland
BUnited Kingdom = Total

* Poland

1] W, Winkler: product based on second law of thermodynamics. Applied Energy 88
(2011). p 3248-3256.
iz W, Winkler: P of b f Energy and Power
Enginesring. in print.
13 W, Winkler, M. C, 1] in systems - future market
introduction. EFC 09 Piero Lunghi Conf Rome, 15— 18 2009, Confy P dings p 205 - 206
141 J. Viebranz: Aufnahme und 2u All-Electric™-Fahrzeugen. Diploma
thesis. Hamburg University of Applied Sciences. 10. March 2010,
5] Leitfaden iber den h, die CO2- d b
Jaten fir 3. Quartal 2014

it dat fmedia/LeittadenCO2.pdl
1! http:/fec.europa Ji icies/ iches/ dex_en htm
m hittp:/ et jre.ec.ouropa.eu/ev-radar/
M G. Pasaogly, D, Fiorello, L. Zani, A. Marting, A. Zubaryeva, C. Thiel: Projections for Electric Viehicle Load Profiles

in Europe Based on Travel. DataEuropean Commission, DG JRC, Institute for Energy and Transport, Petten, the

Netherlands, TRT Trasporti e Territorio srl, Milan, Italy.
fs fiil ;_for_Electric_Vehicle_Load_Profiles_in_Europe_Based_on_Travel_Surv

ey_Data.pdf




California to South Carolina: US States at Work

Shannon Baxter

Executive Director, South Carolina Hydrogen and Fuel Cell Alliance, USA
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California to South Carolina
US States at Work

Shannon Baxter, PhD
Executive Director
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ﬁ@HYDFIOGEN Top 5 Fuel Cell States
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State of the States:
Fuel Cells in America

www.fuelcells.o rﬂ
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Priorities Change...But Core Values Remain the Same

*Grow the economy

*Increase energy independence
*Improve the environment

Collabarating Creating.

‘Coardinating

*@E‘Mﬂﬁ.ﬁ& Successful Partnerships

\ / www.SCHydrogen.org
ot
= California Fuel Cell Partnership
* California Stationary Fuel Cell Collaborative
California Hydrogen Business Council
SC Hydrogen and Fuel Cell Alliance
Ohio Fuel Cell Collaborative

P, HYDROGEN  Successful Policy
@Y v sSiropen s in California

- Carrot and Stick Approach

* Zero Emission Vehicles (ZEV) and Buses

* ZEV Infrastructure Programs

« Self-Generation Incentive Program (SGIP)
* Alternative and Renewable Fuels and Vehicle
Technology (ARFVT) Program / y

* Climate Change Programs

s@HYDROGEN
\ & FUEL CELL ALLIANCE
! " www.SCHydrogen.ol
" Which Comes First...The
Vehicles or the Fuel?

Collabarating

‘Caordindting  Creating
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g\v HYPROSEN  Infrastructure
| www.SCHydrogen.org
Only 2 “Public” # B ool
Stations outside : R
of California (in B | R
the US) arein N, g
Connecticut and I SN :
South Carolina b i
R e e
o Ling ’\W"
Fawi b, { ] Q

Multi-purpose
Hydrogen Stations

/ \HYDROGEN
& FUEL CELL ALLIANCE
www.SCHydrogen.org

Reducmg Stranded Investment Thou

Cooperation

& FUEL CELL ALLIANCE
www.SCHydrogen.org

y @HYDHOGEN Fountain Valley, CA
Tri-Generation

* Hydrogen
= Electricity
* Heat

= (Water)

BMW LFG Material Handling

O This initiative (converting landfill gas to hydrogen), in this geography (South
Carolina) provides an excellent “fit” for DOE's Market Transformation efforts

= Why LFG-to-Hydrogen?
« Probably the most waste stream from which hydrogen could be
recovered; if economically and technlull\r viable, less-daunting hydrocarbon
waste streams could be "in play’ waste, etc.)

= Why South Carolina?
* South Carolina is a “net importer” of municipal solid waste; there are many
“candidate” landfill sites in the state where this solution may be viable
« South Carolina has a high oflarge ing facilities
IBMW Boeing, Michelin, Bﬂdseswne—Flremne etc.) and major warehousing
and di: ion faciliti ith large i of (| dling
equipmant (MHE), many of which are within 20 miles of an active landfill

O Several South Carolina manufacturers already use landfill gas energy for
heat/power; several already have elected to convert their MHE inventory to
fuel cells; marrying the two could significantly increase fuel cell MHE market
penetration goals in the private sector

Slide by Russ Keller, SCRA

/ @HYDHOGEN Successful Actions in
& FUEL CELL ALLIANCE South Carolina

www.SCHydrogen.org

* Legislative Champions

* Hydrogen and Fuel Cell Permitting Law

* Material Handling Equipment Installations

* Supply Chain Mapping and defining the
NAISC codes for the supply chain

« State and local collaborations

* National Laboratory and Universit'y"%aﬁi:h

www. SCHydrogen.org= -

/ @HYDHOGEN
& FUEL CELL ALLIANCE

Thank you.
Domo arigatou gozaimasu

Columbia, SC 29201
baxter@schydrogen.org

(803) 545-0189




Future USA and Global Vehicle Emissions Legislation and Real World Emission Monitoring

Leslie Hill
Exhaust Emissions Measurement, HORIBA Ltd., UK

Future USA and Global Vehicle
Emissions Legislation and
Real World Emission
Monitoring

Next Generation Automobile International Conference
2014

HORIBA

the future

Introduction HORIBA

W Automotive Industry Success

— Over 40 years of success in the reduction of toxic / photo-reactive gases
and particulate material emissions
— But atmospheric pollution concerns continue to drive their reduction

m Future developments in several areas will drive significant
changes to the test procedures and equipment used for the
measurement of toxic emissions, fuel consumption and
greenhouse gases (GHGs)

B The main drivers are :-
— Emissions and Fuel Economy Legislation
— Automotive Design and Technology
— Automotive Manufacturers Procedures / Requirements
For Testing and Measurement Systems

HORIBA

Legislation Overview HomBa
B Future Legislative Requirements (the “Perfect Storm”)
— Future change in emissions legislation procedures/limits
* CFR 1066 for the EPA / CARB : WLTP for UN-ECE & Asia
« Further reduction in all emissions incl CO2 and fuel consumption
— Push to alternative low carbon or bio-based fuels

= Still some y over fi fer of to primary fuel production
(food pricing, GHG net benefits elc)
— New ts to be ed and

— Extended lifetime for vehicle emissions levels / durability

— More “r , rep ive” (and complex) test procedures —
especially for CO2 / fuel consumption

— OBD extensions for new g

— Reduction of evaporative emissions limits and more complex test
procedures

~ In Use Compliance (or In Service Conformity) including Not To
Exceed, Off-Cycle, Real World etc etc

Non Exhaust Emissions Are Investigated  HOR2A

B Non Combustion Related Emissions

* In Vehicle Air Quality ?

~ Measurement of toxic materials released within the new vehicle
cabin directly following manufacture
(simulation of sun, effect of ventilation / recirculation etc)

— New ISO procedures under development

« Particulate / Particles from brakesi/tyres
(EU / GRPE PMP initial investigation)
— < 1mg/km from diesel vehicle exhaust fitted with DPF
~ ~ 3 mg/km from brakes and tyres in urban driving

Reductions in criteria emissions,
CO2 and fuel consumption

plore the future

Light Duty Vehicles

ore the future




USA : California LEV-lIl Limits HORIBA
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USA : EPA Tier 3 HORIBA

B Harmonized EPA Tier 3 with CARB LEV-III

Table 1
Tier 3 Certification Bin Standards (FTP, 150,000 mikes)

NMOM, + NOx

HCHO

Bin 160 3 4.2 4
Bin 125 125 3 £ 4
Bin 70 70 3 LT 4
Bin 50 50 3 1.7 4
Bin 30 30 3 1.0 a
lm 20 3 1.0 4
Bin 0 o o o o

* In MYs 2017-20, the PM v to that segment of a ‘s vehiches covered

by the percent of sales phase-in for that mode! year, Table 3.

Greenhouse Gas Emissions Honma

B Passenger automobile, light-duty trucks, and
medium-duty passenger vehicles must comply
with N20 and CH4 standards using one of the
following provisions:

1. N20 and CH4 Standards
+ 0.010 g/mi N,O based on FTP test cycle
= 0.030 g/mi CH, based on FTP test cycle

2. Add N20 and CH4 to CO2 Fleet Average
measured from FTP + HWFET
+ CO2 equivalent= N,O x 298, CH, x 25

EPA LD Vehicle GHG Emissions 2017 - 2025 "

B Final Rule published 15" October 2012
® CO2 and Fuel Economy Fleet Targets
- EPAis blishing jards that are proj  to require, on an average

industry fleet wide basis, 163 grams/mile of carbon dioxide (C02) in
model year 2025, which is equivalent to 54.5 mpg if the entire fleet were
to meet this CO2 level through tailpipe CO2 and fuel economy
improvements. The EPA and NHTSA expect that a portion of these
improvements will be made through improvements in air conditioning
b : ! f : i which would not

ge and gh use
contribute to fuel economy.

— NHTSA has developed two phases of passenger car and light truck
standards in this rulemaking. The first phase, from MYs 2017-2021,
includes final standards that are projected to require, on an
average industry fleet wide basis, a range from 40.3-41.0
mpUSg in MY 2021,

The second phase of the CAFE program, from MYs 2022-2025, includes
standards that are not final, but NHTSA proj that those dards could
require, on an average industry fleet wide basis, a range from 48.7— 49.7
mpUSg in model year 2025.

EU Passenger Car Emissions -
P issi is for p ger cars (Category M1%), g/lkm
Date CO  THC NMHC MOx HC+NOx PM PN
Julgz 272(3.18) - - 0T(113)  0.14(0.18)
Jan-96 1 - - o7 0.08
Euro 3 Jan-00 064 - 05 056 0.05
Euro 4 Jan-05 (117 - 0.25 03 0.025
Euro 5Phase1 Sep09 05 - 018 023 0.005
[Eurc 5 Phase 2 Sep-11 s - 0.18 023 0.0045 6*10e11
Euro 6 Sep-14 05 . @ 047 00045 61011
Euro 1t Jubg2 272(3.16) - - 097 (1.13) -
Euro 2 Jan-96 22 - - 0.5 -
Euro 3 Jan-00 23 02 0.15 - -
Euro 4 Jan-05 1 (A 0.08 - -
Euro 5 Phase 1 Sep-09 1 01 006 - 0.005
[Eurc 5 Phase 2 Sep-11 1 0.1 f0.068% 0.0 - 0.0045
Euro6 septd 1 04 006 - n.m@
6*10e11 in 2017
* Before Euro 5, passenger vehicles > 2500 kg were type approved as light commercial 1-1
Values in brackels are conformity of ion lirniits

Main EURO 6 Issues

® EURO 6 PN for LD DI Pl Vehicles
— GDI PN limit
© B*10"p/km from 2014 1o 2017
= 6*10"p/km from 2017
+ Most vehicles will meet the limit wio particle traps for initial phase 7
- Gascline Particle Filters thereafler 7
contines fagon copabiRy
+ Implications of the RDE-LDV for PN emissions in the Real World and Off Cycle
— EUROQ & Cl NOx Limit at 80 mg/km
Only achievable for smallest LD vehicles without after-treatment 7
= Medium LD vehicles will require NOx traps, SCR for the largest vehicles
» Concemn about the implications of the RDE-LDV for emissions in the Real World / Off
Cycle
= EUC : Timing for i of an NO2 standard or % of NOx 7
« Discussions of a NOx standard for a = 7 deg C test for diesels

du 1o higher allowing

= Voluntary RDE validation for new h from 1% Sept 2014 (EU request) for
NOx and CO
+ Mand; RDE from 1= 2017, with Not To Exceed limits, for

NOx, CO and PN




HORIBA
European Mandatory Fleet CO2 limits i

® EURO Directive Issued For CO2 Limits : 130 g/lkm

~ The new regulation makes thasn objectives binding for the average fleet
of a given car stages

In 2012, 65% of their car ﬂaet must meet the target

In 2013 75%

In 2014 80%.

From 2015. the whole fleet needs to comply with the CO2 emissions

] Wamlng to Auto-lndustry For Fl.m.lre Plannlng
opean Ps tive of 95 g

or reaching this

u 1 gram CO2/km = 95 euro per vehicle
Equivalent to ~ 200m euro per gram CO2 for
numborsfn

in 2015 11!
D EU Group sales

HORIBA
European Mandatory Fleet CO2 limits SR

All limits based on current NEDC and EURQ  [2ge fleet

5/6 Test procedures

Change to WLTP will increase the vehicle CO2

emissions fions
W Wam Wil the limits be increased accordingly ? "
- ing this
target.
I = New ! Proposed target for 2025 of 68 — 78 g/km
® 1 gram CO2/km = 95 euro per vehicle in 2015 11!
Equivalent to ~ 200m euro per gram CO2 for D EU Group sales

numbors in 2008

HORIBA
European Mandatory Fleet CO2 limits N,

EU Commission announced tha! Light Duty [age fleet
Commercial Vehicles will now also be included

in CO2 emission reduction targets

Fleet Average lons
- 175 g/km by 2017
- 147 g/km by 2020 g

ref 2007 average = 203 g/km

ning this
| | 1§mmco2lkm=95’eumperwm'de in 2015 11!
Equivalent to ~ 200m euro per gram CO2 for D EU Group sales
numbers in 2008

New
USA
Emissions Testing Protocols

The New CFR

HORIBA

Derivation of Part 1065 and Part 1066

Emission Limits Drastically Reduced

* CFR Part 86 X
= |mprove repeatability
= Better accuracy at low range

2007/2010 Heavy
Duty Diesel

Shmpes = Particulate Matter and NOx
= Unified testing procedure for many
CFR Part 1065 OGNS 1768
: &+ Easier to read
= Central location
= Chassis Test Procedure

CFR Part 1066 b E¥ey Lok b b ght Ehily
SRS - Many references to CFR Part 1065
= References 40 Part 86 subpart B

= Testing procedure, nol emission standards
* 40CFR Part 86 and 40 CFR Part 600 are the standard sefting
parts for Light Duty Vehicle
* Heavy Duty Vihicle for MY2014 and later
* Light Duty Vehicle for MY2022 and later (2017 for PM mass)
® Latest: 40-CFR-Part1066 vehicle test procedures Final LD Ther 3 FRM
Mar-3,2014

CFR part 1000 — 1099 Horeen
1033 | CONTROL OF EMISSIONS FROM LOC /ES
1038 IGNITION

CONTROL OF EMISSIONS FROM NEW AND IN-USE NONROAD COM
ENGINES

CONTROL OF EMISSIONS FROM NEW AND IN-USE MARINE COMPRESSION-GNITION
ENGINES AND VESSELS

CONTROL OF NOX, 50X, AND PM EMISSIONS FROM MARINE ENGINES AND VESSELS
SUBJECT TO THE MARPOL PROTOCOL
mwmsmmmmmw
VESSELS




Austorrotbe Test Gywerrn

How to refer CFR part 1065/1066

Standard setting part

Testing procedure

CFR part 1066
Specified for Chassis Dyne

GLOBAL and EUROPEAN
Emission Test Protocols

HORIBA

Sources of applicable emissions legislation

pre s ——

List of UN-ECE Global Test Regulations S —
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World Light Duty Vehicle Test
Procedure

(WLTP)

HORIBA

Austorroties Test Gywerrn

History Of WLTP Development
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EU Commission / Technical Authorities A —

®_Major Issues

- EU Cornmisslon Key Opening Words : Realistic, R
y data must reflect real woﬂdj
~ New more realistic se‘uings must be appllad for

« Vehicle Inertia setting (now stepless as electric C/Ds are used)

+ Use of multi-mode gearbox : testing under multiple settings (worst/best)

= Specifications for vehicle mass / lyraei aamdynaml:n:mle options — worse case

e of

and best case then
— Test Cell and Scoak Area ‘I'ernperamres
. 0ﬁglnany25+r-5dsgc semeascMGTRmdws(mwmdm
MM) W proposed 14 deg C to set
. EUComnisaionmrm it to be “more realistic” = lower v‘-‘ﬁkft'fﬂrrrﬂwﬁfusfmem
EU average daily temparature is 10 deg C Puctor
- mmmmmmwm
= [EU Cormmis factor to 10 deg C emissions (or CO2 only
. 23ﬂ-adongnlpmposal
~ Has implications on test cell and soak area temperature control and monitoring
= Notall test cells can maintain this tolerance, especially during the test
» Tolerance will be extended for after vehicle start to +/- 5K

2. Cycle Allocation for Different Vehicle Classé®™'24

During 15" DHC meeting (Dec 2012), the following cycle allocation
was agreed. Threshold for electrified vehicles is under the

dISC'iSSIOR among DTP-EV lab subgroup. 4 bag sets
{3 for some Class
el 1 { Speed
-;. 2 13+M3+H3 L3 + M3 + H3(+ ExH3) combinations)
= ® (=Ver.5.1) (=Ver.5.3)
S .
234
g N 1or2PM
v Bl weman 12+ M2+ H2 :f e 5 L filters
s U 1 (1 for all phases
=2 : =k
H | 11+ ML+ L1 adlsirondinty
I =] a o Phase 4)
70 90 120 135 [
Vehicle Max Speed (km/h) = e

*1) exempted as per Contracting Parties need
*2) capped speed according to vehicle maximum speed

World Light Duty Vehicle Drive Cycles

| comparison of different cycle versions ]

— WLTC class 3, version 5.3, vehicle speed
~——WLTC class 2, version 2

vehicle speed in km/h

Additional Pollutants to be addressed in WLTP

NO2 - Nitrogen Dioxide

NO becomes N02 En the phere so why N02 specifically ?

NO2 concer ing at roadside (diesel oxi cats create NO2)

MNOZ2 is used to react with sool on continuously regenerating particle filters

NO2 is the more toxic component of NOx

Atp time, no confirmation of an NO2 standard as a specific mass limitoras a %
of NOx mass (or may be both combined 7)

NH3 - Ammeonia
specifically from vehicle NOx controlled by SCR with urea only or for other vehicles ?

N20 - Nitrous Oxide
Will the ethanol volume threshold be

specified as a GreenHouse Gas aligned with EPA/CARE at E25 ? And will
factors for NMOG from NMHC be applied 7
Ethanol Will factors for NMOG from NMHC also be

generated for ethanol volumes fo EB5 7
(thus removing the need to measure these

for fuels with ethanol content > 20%

compounds 7]
Aldehydes : Formaldehyde, Acetaldehyde
0 for fuels with elhanol oontent >20%
] 300 600 i800ns 1200 1500 1800 {above comp typically represent ~ 80% of oxygenated HCs from ethanol fuslled
vehicles)
| Quurorerws wgpmenes ]|
- HORIBA HORIBA
WLTP Implementation Date ? e WLTP Implementation in EU Type Approval
— B Scenarios of WLTC implementation are:
= Major issue is the
el Hugely complex picture target date for Scemario | Application of WLTC for CO; | Application of WLTC for Probably the
emission measurement criteria pollutant emissions most plausible
b g scenario as
Flexi T September S01419 or the | Untl 201920 chowe of fhe Industry has
earliest dates possible due 1o the | mapufsctirer between NEDC and expressed
duration  of the regulatory | WLTC: afier that dates WLTC their concerns
procedure + npecessary time for | mandatory f about the Flexi
adapting laboratory option (2
infrastructure. / different type
Uine shot | September 2017 18¢ fJ ek
Better late 1 January 2019 20 :un ning in
than never parallel)

{3) Mandatory Euro 6 dates.

mmmwmu— dates already introduced into Euro 6 for the application of
and particle number limits for positive ignition
dnﬂlﬂlﬁmnﬂmlmmmlmmmdmm!m

Conflict between the future fleet average (95 g/km) and the change from
EURO 6 to WLTP. Could delay WLTP for CO2 till after 2021 ?




Trend of increasingly complex
Automotive Technology

HORIBA

Implications of Engine/Vehicle Technologies Horuaa

B New vehicle technologies, driven by emissions and
fuel economy, and their impact on vehicle testing
— Improved combustion and ICE design for low CO2 and fuel
consumption and lower toxic emissions
» Fundamental fuel efficiency increase including low engine friction
~ Small , highly turbo-ch i, fewer cylind
= Impr in PI (p ignition) engi

engines
= Calibrated for alternative and multiple fuels
- Low parasitic loss auxiliary engine components
. power steering, water pump etc
— Efficient, low loss transmissions, drivelines and tyres etc
— Lightweight vehicles with improved aerodynamics
- Complex multiple stage after-treatment devices
* Including periodically regenerating devices

- Higher fuel efficiency powertrains including kinetic energy recovery
(electrical, mechanical, hydraulic, pneumatic)

— Thermal energy management / recovery
— Plug-in electrical vehicles incl range extended EVs

]‘m:umedussrloc.'

tmpact on
test cell
dosign,
equipment
procedures

Implications of Engine/Vehicle Technologies HoruaA
B New vehicle technologies, driven by emissions and
fuel economy, and their impact on vehicle testing
- Improved combustion and ICE design for low CO2 and fuel

Research consumption and lower toxic emissions
Engloa = Fundamental fuel efficiency increase including low engine friction
— Small , highly turbo-ch 1, fewer cylinde
v - Imp, in Pl (p ignition) engines to come closer to CI

Dawiop. engines
Lo + Calibrated for altemative and multiple fuels

~ Low parasitic loss auxiliary engine coa;nponents
impacion ~— Efficient, low loss transmissions, drivelines and tyres etc
sottings — Lightweight vehicles with improved aerodynamics
simurlation & :

-~ Complex multiple stage after-treatment devices
S * Including periodically regenerating devices
dosign, — Higher fuel efficiency powertrains including kinetic energy recovery
st b (electrical, mechanical, hydraulic, pneumatic)
Wl 2 — Thermal energy management / recovery

i — Plug-in electrical vehicles incl range extended EVs

Correlation between Laboratory Process and Real World is now key

The Trend To
Real World Vehicle
Emissions Testing

HORIBA

Field Testing
In Service Conformity
In Use Compliance
Off Cycle Emissions

Real World Emissions

HORIBA

In Use Measurement is nothing new! H2%EA

Real World Research

[Field Survey of the Vehicle Emission in the Real World]

Environmental Real w_r.-rld :
Modeling Engine calibration
University, Government; — Auto-Manufacturer (R&D!
rchi Tnstitutes —

In-use z 2
compliance Certification
HDD Engine Manuf; er, Auto Manuf: (Certification)
Regulation

[In-use Vehicle Compliance using OBS]
SEPA

FUROPEAN COMMISSION
b b
Jairi Research Centre




“In Use Compliance” HORIBA

B Modern Concept of Vehicle On Board Measurement for “Field
Testing” or “In Use Compliance” was introduced by EPA
— Certification Requirement as consequence of the 1998 Consent Decree
against the HDD Engine Manufacturers
+ Caterpillar, Cummins, Detroit Diesel, Volvo, Mack/Renault, Navistar
— One of the provisions was the acceptance of SET (Supplemental

Emissions Test : steady state) and NTE (Not To Exceed) limits of 1.25
times the FTP applicable mass emissions limits
— Equipment for vehicles testing generically known as PEMS
(Portable Emissions Measurement Systems)
— NTE testing to be measured as “Field Testing” under test procedures
and equipment defined under 1065 regulations : subpart J
+ (Gaseous systems specified and systems comply
* Real Time PM mass systems : original “real time” PM mass measurement
principles were i ical — alternative methods available and ted
~ Methods now defined into Subpart J

EU PEMS Drivers HORIBA

Legislative framework of in-
service conformity

Directives 2005/55/EC, 2005/78/EC (Euro IV-V):
« correct operation of the emission contr
normal life of the vehicle under normal cond

ured

(COM(2007) 851 final):
r eontrol actual in
ate the in-service conformity process, a
irements based on

the use of portable emission measuring systems (PEMS)
should be ado

PEMS Application for EU On Road HD Vehicles HORIBA

H Originally PEMS was to be applied in the EU, as in
the USA, for In Service Conformity (EC 582/2011)
— confirming at a time period after the official Type Approval

engine test that the emissions of HD vehicles using the
engine complied with the emissions limits

B Now specified (EC 64/2012) as part of the Type
Approval process

+ No Type Approval certificate without the PEMS confirmation of CO,
THC, NOx and (soon) PM mass

Real Driving Emissions
for
Light Duty Vehicles

RDE-LDV

future HORIBA

You will have seen this type of report R

tests 'substantially underestimate’ pollution
pumped out by diesels

The asmaunt of polluss  disse] cars on congest

higher than previotsly thaught.

-(-o-»-nw-. w

) ) L HORIBA
Increasing EU Interest in Real World Emissions bl

B The continuing issue of atmospheric pollution within EU cities
remains a priority for the EU Commission
— Mainly NOx and PM levels are of concern
- Reductions in the levels of atmospheric pollution are not being
achieved despite reductions in the vehicle's emissions according to the
legislated limits and procedures
B LD vehicle emissions based on the the equipment and
procedures from HD Vehicle On Road testing
~ USA “Not To Exceed"
- EU "In Service Conformity”
B Measurements were performed on LD Vehicles by the EU
JRC (Joint Research Centre) in Ispra
~ lIssued a report (hyperlink) - ISBN 978-92-79-19072-8




NOx Emissions HORIBA
2% T All gaseous
228 5::;2': deifoadipgd cc_)mponents comply
g . B Foute 3: rrabupridoonntil || With relevant standard
£ 175 Eﬁ&‘.mmm || inthe Laboratory
2 = Appicatle emisinimk ||  @emissions test.
150 1| mures Burn & Buro 8
126 NOx emissions were
o 100 considerably above
z s
. standard in real-world
g 050
025 E
.00 =il
SERERRERERE
< gle & &0 = £ 3

Figure 11: Average NO, emissions on the PEMS test routes and during NEDC testing in the
emissions

Iaboratory;
uncartainty intervals indicate the maximum average for each test and vehicle;
* Rioute 1: rural-melorway for Vehicles A and C (see Table 3) includes a combination of the two
test routes Ispra-Milan-Ispra and Milan-urban

RDE-LDV AR

B Real Driving Emissions for Light Duty Vehicles
— As a result of the JRC report, a new working group was initiated to
study the implications of the report on LDV emissions testing and how
legislative testing procedures may be modified
B Working Group Activities / Plan
— Two approaches on how to measure the emissions outside of the
normal laboratory test conditions, drive cycle and test procedure were

proposed
+ A Laboratory based test under different ambient conditions and modified
drive cycles of differing ity (R Cycle method

+ An On-Road based vehicle test procedure using PEMS
— Working Group Members reviewing both methods until end of 2011
and reporting data
— Decision on final method was to be confirmed by March 2012
B Conclusion (at end of 2012)
— PEMS to be applied for all gaseous components

- Random Cycle concept would be retained and reserved in the case
that a PEMS for PN was not achievable — TNO to develop (Sept 2014)

RDE-LDV Current Scope / Timing Hompa

B 2015 : “Monitoring Phase” of RDE-LDV
— NOx and CO will be measured for all LD vehicles
— No limits will be applied
— All data will be available to Member States and Technical Authorities
— Limited data will be published

H 15t September 2017 “Regulatory Phase” of RDE-LDV
~ NOx, CO and PN will be measured for all LD vehicles
~ “Not To Exceed" limits will be applied

B The above remain to be confirmed formally in legislation

Summary HORIBA

B New emissions legislation in all territories continues to drive
reductions for all automotive applications in criteria and GHG
emissions as well as introducing new components to be
measured and controlled

~ Driving deve nt of new and ana al s ms as well as
aSomans s o o el e
B New test procedures and regulations for emissions testing
systems have been introduced for the USA : new GTRs via the
N-ECE have been developed and are being applied for the
rest of the world.
- Harmonisation of the two regulatory streams continues to be a target
- Th ity of the roced i ignificant de t
STt alo sysems e 5 Sy e g
® The use of Field Testing / In Use Compliance / In Service
Conformity / Off-Crcle Real World Emissions measurement is
expanding and will be applied to more categories of vehicle as
a supplement to existing Type Approval procedures
— Has a major cf on the emissions and fuel econ research,
dmmemf"(’,g“mm and certification process s
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NH;-DeNOy Activity of Composite Catalysts
[Meso-CeyZr; <O, + Micro-Fe-Beta]

Parasuraman Selvam

Professor, National Centre for Catalysis Research and Department of Chemistry

Indian Institute of Technology-Madras, India

g d)
)E (e}
b
z
o (2]
(8} Catalyst Surface  Metal Mctal
arca content Size
2 3 4 ] B 7 (m¥ig) %) {mm)
28 e) PAMCM-48 007 390 260
XRD of MCM-48 and PAMCM-48 s o s o0
PAMOM-4E 950 375 159
REMOM-48 1021 398
RuMCM-48 924 395 157
PIMCM-48 950 390 130
PAMCM-41 &0 400 kR[]
PASBA-3 BOS 3% 430
v st Tohoks Liniversiy. Jupas & Univecaly of Wesbern Sydeey, Australls
Effect of catalyst
preparation method
150 200 240 280 30
Reactor Temperature °C.
RhMCM-48 with = P
a pore diameter of 2.5 nm
m Catalyst size content MO conversion
(nm)  (wt%) 25%  100%
PAMCM-48 with
a pore diameter of 3.3 nm PdMCM-48 28 3.90 190°C 235°C

PdMCM-48 (DP) 8.3 385 210°C  265°C
PAMCM-48 (IMP) 158 375 235°C 280°C

Comparisons of Noble Metal
Effect on MCM-48
Effect of reaction
temperature on the 3
reduction of NO by
€O reaction over RhMCM-48 is active at low
different mesoporous temp. PAMCM-48 and
SPPEIES RuMCM-48 show better g
[-¥-] PAMCM-48 activity than PtMCM-41
[-h-] PAMCM-41 T et et
[-4-] PASBA-3 . 120 140 160 180 200 370 740 260
Temperature ("C)
T T T T Catalysts Size NO conversion :
160 200 240 280 m 25%  100% Catlytic  performmces.  of
Temperature (°C) different noble metal supported
[-A-] RhMCM-48,  [¥-]
PdMCM-48 28 190°C  235°C RuMCM-48, [-4-] PAMCM-48,
» PdMCM-48 in effective among the mesoporous supports. RhMCM-48 19 145°C  185°C and [-V-] PIMCM-48 catalysts.
* All Pd containing MFI structure shows near about same performance. RuMCM-48 157 185°C  220°C
PIMCM-48 13.0 225°C 260°C




Pessible NO-CO reaction
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The main NO, sources How does NO, affect?

NO, causes & wide varety of heath and emironmental
impacts:

= Acid rains.

Worldwide emission standards

REGULATION
-.—."‘ : : .Jg'

1
Now Mmoo lowosg e

Process implementation for diesel vehicles
Selective catalytic reduction by ammonia

41, + 4 NO + O — 4 N, + 6 H,0 = Standard SCR
MO+ NO, + 2 NH, — 3H,0 + 2 N, - Fast 5CR

5
e — O : 1 cmm DOSING SYSTEM =
Emissioms | 35 —tor—ew—a—1 20-Lomr—sm—rspos 0 om 15 DIESEL EXHAUST SCR
W 1 o i TECHNOLOGY
1 I I
Emimion | 305 Lose—sm—smpeanla——se—sepaon | o o o
reductions 1 1 1
%) 1 1 1 | 1 I
b= - L L
At controts SCR contro SCR NG controk SCR systems
L e R v Ao TO mEUCE o
AND WATER
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i Evaporation Induced Self-Assembly (EISA) Method

—FoBen
i Covria a0y
i 0Tty 0,  FaeBatag 31 ety

Stakhoov of al,, Top, Catal, 55 (2013) 427,

(Schematic representation of the Synthesis Procedure of
Ordered Mesoporous Ce,_Zr, 0, Sclid Solution)

Yuuan sl ai, J. Fhys. Chem. C, 2009, 13, 41174124




—FoBen
P L o
i Oy 0, + FirBlata, 31 riy

Stakheay of al,, Top, Catal, 55 (2013) 427.

Evaporation Induced Self-Assembly (EISA) Method
(Schematic representation of the Synthesis Procedure of
Ordered Mesoporous Ce,_Zr, 0, Sclid Solution)

Yuuan sl ai, J. Fhys. Chem. C, 2009, 13, 41174124
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The Age of Big Competition Next Generation Automobile Business

Tokuta Inoue

Senior Research Fellow, New Industry Creation Hatchery Center, Tohoku University, Japan
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Changing International Face of Transportation and Energy

Mark C. Williams

Director, Research, URS Corporation, USA

riaatl

Changing International Face of
Transportation and Energy

Dr. Mark C. Williams
Director, Research
URS Corporation
Visiting Professor, Tohoku University

¥

50 million are sold
annually - Japan
may be the world's
largest producer

China and US are the
enormous markets

When will this trend
change? If US and
China consume 40% of
the world's depleting oil
reserves, what will the
rest of the world use?

purchasing power
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“When this innovation is meant to drive revenue, profit,
and jobs for at least 10 years, we are losing the
equivalent of $5 trillion out of the U.S. economy every
year to economic espionage,” said Casey Fleming, CEO
of BlackOps Partners Corporation. “To put it into
perspective, the U.S. will take in $1.5 trillion in income
taxes and $2.7 trillion in all taxes in 2013."

Importer

China is the world’s most populous country with a fast-growing economy that has led
it 1o be the largest enargy consumer in the world

Mot il 6 China and the Uniled Sasies
miicns of bamets pe day ol
"

Unibed States rat mpots

-

Cora is 5 waceadthe
TS i1t v 06t 2910
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- Oil
~ Coal
— Natural Gas
— Biomass
— Nuclear
— Solar

— Wind

— Hydro

— Geothermal




» The world produces/consumes 80 million
BBL/day petroleum products

* USA consumes 20 million BBL/day (7 billion
BBLl/year) petroleum products

* In USA around 2/3 is used for transportation
» Oil is currently $90-100/BBL

» USA imports 8 MM BBL/day

» $300-500 billion/year trade deficit

Ft McMurray

+ 225 miles to
Edmonton

+ 400 miles to Calgary
* 1300 miles to Denver

Entimated LS., Russia, and SusS Arsbis peoleum and natursl gas producsen el
Geadiuon Brigh therma! umty milon hameis par dary of od equevalent
"
Un Sty
Reasia
Saum Arubia

1
as
® | n
s
® on | I "
» 1
pats.
o o I I I I s
* = e 2009 o un wa wnn .
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The world is rapidly consuming the finite amounts of stored
energy, especially petroleum.

Canada (2-3 million BBL/day - half from tar sands) and Middle
East (Saudia Arabia/Kuwait) (1.5 million BBL/day) help supply
USA petroleum. Rest are Mexico, Venezuela, Columbia, and
Russia.

Canada tar sands contain 300 BBL, one of the world's largest
resources ever known, would supply USA for only 40 years.
The relentless hunt for oil will continue to the limit of economic
viability.

Major expansion in Canadian production expected in near
future. North America expected to become world's largest
producer.

Canada’s largest single source of income and CO2 emissions.

T BT ML JMTIE JILEY MM DRIT NTIISD MM IMES KRIT IS
BRNI A PNE) PRI AR MRS MM MED BMED JDTM MM MERG
MITI RAJS MTMD MG A HLNC MEJM MLTM NI ML MAST hAES
MU AT SRR SO MmaT MAdN MM MMM TMEN IS MU S
PO WS LB M SAGT SN COMD D4 MATY AWM S11% eaT
TR DT G AN S4IN DL AT CAIN IS delew LN At
U PN SREA M MITH SUYY DA ST BATH ADUEE WAIN Mla
CANE AL G AT WL SN CATW CIMD ARND 4TN EIM LN
NN WOI MOIN RS IS MUMD RSN 00 MDY 43N MR SART
BANI U] MIML PR DTN DL MATT MM ITT WD NAIT N
IMH) AL MO0 S TAND STLNT MRS S BT JO0) NIM Nae
T BEMI MR ITIT MG AMS MM M AN LU DA M
NI NANT DLT SN MAGT MITT SMssd DTN Jad Sl sas e
TUMI ML MOIN NOMT NLOS JOT NTON RGN DRMS BN ININ e
WM e e
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: ossibl Cons
USA World's Largest Oil Producer
USA Largest NG Producer

Still imports 300,000,000 BBL/month
Cost $1 billion/day

Opportunity with demand side management to
lower consumption through higher automobile
fleet efficiency

2/3 oil used for transportation

Opportunity for improvement in stationary
power generation with fuel cells

Opportunity to be energy independent...which
means not funding terrorism?




Sustainable Energy Future

» In 2012 40% of the world’s electricity needs were
provided by coal. Coal is the second source of
primary energy after oil. (IEA)

+ China produces 4.0 billion tons of coal per year (EIA)
— China is consuming its coal resources faster than any
nation
+ USA produces 1.0 billion tons of coal per year (EIA)

+ Coal use in North America is being discouraged by
environmentalists

+ Coal may still be mined in NA and exported to
countries giving them a low-cost energy advantage

» Coal’s use world-wide is accelerating.
+ Coal may last only 150 years "

Energy Demand 2010 Energy Demand 2035
98 QBtu / Year 107 QBtu / Year
B3% Fossil Energy 7% Fossil Energy

44,090 mmt
o MATIOMAL ENERCY TECHNOLI

LARORATORY

* The fuel rods will spend about 3 operational cycles (typically 6
years total now) inside the reactor

= Generally when about 3% of their uranium has been fissioned,
they will be moved to a spent fuel pool where the short lived
isotopes generated by fission can decay away.

+ After about 5 years in a spent fuel pool the spent fuel is
radioactively and thermally cool enough to handle, and it can
be moved to dry storage casks or reprocessed.

+ There is no storage facility for nuclear waste in USA.

In USA all nuclear waste belongs to the Department of Energy
and hence to the American people.

« Qil, Coal and nuclear are finite stored energy

« These will be going away in the future

« These leaves solar, natural gas, biomass, wind,
geothermal and hydro

We will always have natural gas (methane) on this planet

We benefit from the chemical energy extracted from sunlight on
this planet
- Co:tl petroleum and natural gas are stored chemical energy from the

pa:

As long as there is life and sunlight, we will always have natural
gas on this planet in the future

— Methane from human (ADG) and Pant and animal and plant residues
and wastes captured from sunllg are available

| 108 70 pm

C"-l'u
H ) H

109.5° H

Figure 42. Natural gas productionin China, Canada,
and the United States, 2010 and 2040
trihon cubic feet
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Natural Gas Use, 2009

bt | Oil & Gas Industry
Pipeline Fuel ~ OPefations |«
3%
=

Source U 5. Energy Information Adminisiraton, Nl G
Moty (February 2013 '

The Global Natural Gas Resource
(The result of new science, technology, engineering, math and research)
= =

The areal extent of global
shale gas basins would
cover almost all of the

western hemisphere.
et ¥ (f a
= .\gf‘ ::% et
The areal extent of US SRR G <
shale gas basins would 3 2 55,
cover more than half the e - :
country. ;.:T"E-_?t

Methane Hydrates
Energy’s Next Frontier

* Resource widespread and bountiful
— 50,000 Tef offshore the U.S. Lower
48
— 5,000 Tcf or more likely recoverable
* Better characterization is needed
— Sampling and testing of deepwater
deposits
— Role in the natural environment
*  New technology is needed
— For safe, efficient extraction
- Industry expenditure is negligible
* |International Collaboration
— Leveraging international funds to
expand and accelerate research

Natural gas released from gas
Miydraie & flared during cooperative
DOE-ConocoPhilllips-Tapanese
selentffic production test on the
Alaska Novrth Stope, March 2012

C

* US consumes 20 million BBL/day petroleum
products

+ This is the energy equivalent of 27 Tcflyear NG

= At the PSU estimate, the Marcellus Shale, if only
1/3 was recovered, could replace US petroleum
for transportation for only around 50 years

» NG at $5/MMBTU is the energy equivalent of

$28 /BBL oil
- Oil is currently $105/BBL

* Currently, the only natural gas light-duty vehicle
manufactured in the U.S. is the Honda Civic ($26,000
list price; 24 city/36 hwy/28 combined gasoline

equivalent mpg).

* Only roughly 110,000 of the 12 million CNG vehicles
worldwide are in the U.S,, including aftermarket

conversions.

* There are roughly 250 million registered passenger

vehicles in the Ug (EIA)

* Cost to convert vehicles to NG is estimated $12,500
to $22,500 depending on the vehicle, engine, size of
CNG tanks needed, and who does the converting

(Green Car Journal, 2011)

® |[nadequate NG Infrastructure in USA

Transportation

+ Natural gas fuel cells Cathle
— Direct methane
— Internal reforming
« Complete re-look
= Metal-supported planar or lubulgﬂr:"h m“tml
intermediate temperature, perhaps
SOFC-type
— Durability
— Efficiency




e Grid

Biomass, Wind, Hydro, Geothermal and Solar

+ These fuels primarily support the electric

electrical grids of the future
— Already beginning to happen in USA and Germany

— First time in US history more electricity is being made
from NG than coal

+ The use of this electrical energy for

transportation and especially battery vehicles
and plug-in hybrids is increasing.

« Electrification of local transportation through the

electric grid will be key feature once oil is
depleted

Wise Energy Use
Di End-Use
= . E
coal —u- wlectricity electriciy ebectricity  Codinary Lighting
o T !

i ~4 Overall

Today w Efficiency

Loss perstep  -g5% loss ~48%loss  =51%loss ~ 88% loss.

Coal, gas, renmwables. wlsctricity. edectricity Solid-State Lighting
1 m ~40 Overall
‘lommw‘ [ Fc ress - Semart G ;‘ L
8% loss

Loss per step =~40% loss ~28% loss

We can increase efficiency by more than 10x!

s o . s

Total energyresources

Annual sclarenergy

[ Annual world
torn!.lu mualmann

il
Gas

Uranium

Coal

— Light (solar performance and cost) - transportation
and stationary

— Energy Storage
+ Natural gas on-board storage
+ Battery (performance and cost)
— Waste heat recovery
— H2 fuel cells for transportation for long distance
— Natural gas fuel cells for transportation
— H2 and fuel production directly from water, CO2 and
light
— H2 and liquid fuels indirectly from water, NG and
energy (light, thermal)
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China’s Automobile Industry (4)

2013 Passenger Car Sales = 18
Million Units

++ Declining Ratio of China Domestic Car
Sales
% Poor Quality, Uninspiring Marketing and
Inefficient Industry Structure
ac
Parkot share of Bansengor
ears i Chinag by Brand orgin

m__--_-'_'—-—- Chineaoe

China’s Automobile Industry (5)

, % Volkswagen remains on top. One of
China's Grand Prix e
Foreign-brand market shares in China VW consolidated its grip with a
15% - 14.4% market share so far in 2014,

from 13.4% last year. It offers
everything from low—end sedans to
sporty not including its Skoda or
Audi units.
- & VW brand and pricing are so
compelling that dealers barely offer
L w7 e e | discounts and still sell to a higher
200970 1 12 B W proportion of visitors than other

m * Theough May brands.
e < ] MoteVolkawagen eechodes Skoda and Aodl. GM < The clearest losers are domestic
i SEE T T e S car makers. They sold 38% of all
b e W AT Automobile Manufacturers f;:allv made ﬁ:::s this v:;; thr;'u.m
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China’s Automobile Industry (7)
China’s Automobile Industry (6)  Ghin has more than 170 domestc car makers.
% Local g keep small : ding even as Befing
& Aftor nationalist protests in late 2012, Toveta, Honda mmmmmhmmmm brands in 2013
and Nissan regained some market share partly by Auto Exports Stin. —
launching new models. But Toyota's market share at 4.9% ..:"_:mmm.._,m- Pk it 4 i o
in June 2014 is still below the 2011 level of 5.5%. 1212000 core R
+ Other foreign brands lagged behind are General Motors et i
main passenger—car brands. The 8.2% market share its ahoes 04 _-a’“._... T
Buick and Chevrolet brands command this year has — [ o
slumped from 8.6% last year. GM's latest SUVs haven't < 2w i WSJ, July 10, 2013
sold as well as hoped. — T e m——
«In contrast, Ford, a relative newcomer to China, has e e L T S R e ot o
made inroads with SUVs and sedans. Ford sold 4.1% of - ‘Hﬁ'-"—‘ i SRS (SYAISAN, (AVESMmSSRR| g amres
the cars made in the country between January and May, i
compared to 3.8% last year and just 2.2% in 2011. -
--WSJ, June 11, 2014 -
g = h WSJ, May 23, 2014
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China’s Automobile Industry (8) China’s Automobile Industry (9)
“ After three years of seizing market share from Chinese rivals, foreign Top 10 Automakers in China  AUTOMOBILE SALES IN CHINA BY COMPANY
auto makers are starting to compete with each other. in 2013 ntmbowhids  NZQ B0 @ Ceg(N)
T WSJ, Dec. 10, 2013 - _
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[ China’s Automobile Industry (10) ) ( China’s Automobile Industry (11) )

& Japanese Automakers Facing Tough Market + Island dispute had severe impact on Japanese auto sales in China
Fading Appeal Political Panalty .

decline in share in China predates last yoar's et T s e e
Toypeta
provs

2007 o8 a9 “10 A1 July ‘1z Now. 12
Mainky Froncn and South Barean
Spurces: huin WEL Agril 21, 2013 Picking Up Speed
Japaness ear salos rebeund in China
AA0.O00 units.
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Air Pollution in China: Air Pollution in China (2)
A Critical Problem T TS
China surpassed US in 2005 and far The WHO guidelines consider anything over
‘surpassed any other nations 10 micrograms per cubic meter of PM2.5 to
be hazardous o health.
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covered with heavy smog, Associated Press, 9 December 2013 The New Zealand Herald, 29 June 2014, Tha Washington Post. 2 February 2014,
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Air Pollution in China (3) Air Pollution in China (4)
Air Quality Assessment Standards in China are Less Stringent: STCEAirgUs  Pollution Sources  Driving Oil Prices
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Air Pollution in China (5)

China’s Anti-Pollution Protests Grow Increasingly Violent

*A damaged police after
residents clashed with police
during a protest in Hangzhou,
east China's Zhejiang province,
on May 11.

++Dozens hurt in eastern China
protesting construction of a
waste incinerator, the latest
example of public willingness to
fight government plans viewed
as polluting--wsJ, May 12. 2014

Agonce France-Presse/Gotty Images
]
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China’s Air Pollution Control Policy (1)

4 In January 2011, Beijing started to renew % Consumers responded by buying more
vehicle license plates via a vehicle license expensive SUVs with bigger engines.

lottery. Many cities followed this h @0 see SUVs as both a

% Hangzhou restricted the number of new car  Powerful status symbol and a safer option
licenses it issues and will only issue new on China's often dangerous roads.
plates via an auction and lottery. # Great Wall Motors had 70% year-over-
° . G it year growth in SUV sales—itwice that of

uiyang, its total sales in April.

Tianjin also |III'1Il the number of new vehicles ) “This conld have significant

registersd eash year tmplications for global oil demand,
Chinese Cities Limit Cars '—I"h- Bignaerx the Battaxr
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China’s Air Pollution Control Policy (4)

“+*Only around 17,600 new energy vehicles were purchased in
China in 2013, including hybrid and pure-electric cars and buses.

0 Chinese
s | (Goals
4,000,000
z
gw P
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China’s Air Pollution Control Policy (2) China’s Air Pollution Control Policy (3)
# As of October 2013 China limited permissible minning age of a vehicle, scrapping up to
6 million vehicles that don’t meet emi: dards. Hebei province, where seven of 4 In September 2013, China began a subsidy program for new energy vehicles, China
L1|Inasmmciuammmwmpﬁmmﬂmﬂmdnnmmw wants 500,000 hybrid and electric vehicles on its roads by next year and five million by
emission standards. 2020. Buyers of electric cars can receive subsidies up to 60,000 yuan (§9,800); buyers
4 Up to 333,000 will be lnkcn off the roads in Beijing and ISD.DDG in Shanghai. Upto 5 of gasoline-electric hybndl_un get as much as 35,000 yuan, Subsidies will drop 10%
million are being d in highly developed regions i g the Yangtze River Nt yaar arid shather: 20% in. 2010,
Delta, the Pearl River Delta and the smog-choked region of Bculng-‘l'anjln-i-lcbcl % In July 2014, China announced individual car buyers will be exempt frum a 10% vehicle
% Elimination of old cars has prompted less affluent to buy more Minivans in 2014, tax when they purchase new energy vehicles or fuel-efficient automobiles.
4% Also China led a date with subsidi quiring 30 percent of all automobiles
Minivans Bloom in Chins purchased by public agencies to be electric or “new energy” vehicles by 2016, The new
Top 10 seling passenger vetices for the frst four months of 2oL rules will be phased in over the next two years
bt P ST 4 Subsidies will be offered for purchases of vehicles that cost less than 180,000 yuan
Ford Focus ($29,186), subsidies included.
gty e e 4 Local governments would be asked to build charging stations and other infrastructure.
e e 4 In early 2014, Shanghai announced plans to give 3,000 free license plates to buyers of
- sxor imported electric cars, exempting them from a bidding system that drives up license
:::‘:2?7‘;1::,‘;; i ol e ot g e plate prices to more than 70,000 yuan,
Copyright 2014 by Norka Baohling WS, June 10, 2014 Copyright 2014 by Norika Bahling
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Future Opportunities (1)

4 Luxury Cars. Consulting firm McKinsey in 2013 bt Tracks
estimated that by 2022 China's urban population will Grow ot e Growe Wi <aie
by an additional 100 millicn to 357 million. Upper middle St
class, households with disposable income between
106,000 and 229,000 yuan will expand to 54% of all
househelds from 14% in 2012. These consumers would be
prime targets for luxury car marketers, especially if they
ambraced monthly payments. (WS-, April 28, 2014)

# SUVs. According to the Market China SUV Industry
Report, 2014, the SUV market is expected to grow rapidly
over the next five years, and sales volume will reach 7.9
million in 2018. (PRWEB, February 12, 2014). Many foraign
automakers are planning to produce SUVs in China. GM a0
China introduced the Cadillac SRX, which melds the
characteristics of a car and a sport-utility vehicle, in
2009, Sales of the car rose 23% in China to 14.486
vehicles in the first half of 2014 from the year bafors,
accounting for more than 40% of Cadillac sales in the
country.

° Copyright 2014 by Noriko Bahling - . )




Future Opportunities (2)

Lower-Tier Buyers are Next Frontier in China

< Compact Cars, including Minivans, and Low Cost Cars.
Consumers living in smaller cities, known as tier—three and tier—
four cities, will drive future demand for cars in China, as the
world' s largest market for new autos undergoes structural
shifts, according to a survey by the semiofficial China
A iation of A bile Manufacturers and market-research
firm Nielsen Holdings. These cities are less affluent but faster—
growing. About 60% of would-be buyers in these cities are
looking at cars priced at below 120,000 yuan (around $19,400),
according to the survey. (WSJ, July 10, 2013)

e Copyright 2014 by Noriko Behling

Future Opportunities (3)

# Huge Potential in China’ s Auto Loan Business

<+ Auto makers introduce China to the car loan, where young car buyers are
open to financing where cash has traditionally ruled

Up
Car makors seq hugo potentialn Chin's auto
ey R
a percentage of total in2013
0% % us I
1 rda O
s Banl 0
Gorrmany 50
10 U France I 4
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5 R . 30
rina | v
L Vet B 8
2008 W0 W M W
Sosau: Fond Mstar e st enet WS, July 8, 2014
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Future Opportunities (4)

@ Used Cars. In the last five years, 60 million new cars were
sold in China. Now, some are starting to come back on the

market as used vehicles. In addition, many cities are reducing China Component
the number of new car registrations. Through trade=ins, used Dermand for cars boosts parts,
car dealers get the licanse plates, The city isn't retiring old m-m“""““
license plates. so they can continue to use them. Last year.
the number of used cars in China increased by B.6% to 5.2 o
million units, while the turnover graw 10.6% to yuan 291 billion. 2000
ding to the China A ive Distribution Industry and 1500
Aftermarket Report.
% Leased Cars. Tesla said it created a new finance arm and is L:

offering a business leasing program for small and madium-size
busi iding ancther fi option for its electric

o06io7 o8 s o i1 e
ity Lmenpt Pebatn, samponent wad
i i I e A 8 B i i,
nwtn ot

cars.

4 Automobile Parts. Delphi, an auto parts maker, expect its
China revenue to double to nearly $5.5 billion by 2016 as

o (hing Avvoriaton of Aetovatde
Chinese car makers boost quality for discerning local Wit Earnr, D At et
customars. Delphi China President said Chinese brands could T ol Shvel fome

become global players if the government relaxed joint-venture
restrictions on foreign auto companies.
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Future Opportunities (5)

% Luxury Trucks. After dropping the
past couple of years, the commercial
truck market is about to take off
again, fueled by increasing demand for
higher—quality vehicles. China' s
truckers are increasingly moving up
the price scale away from the low—
cost, no—frills trucks that have
traditionally dominated the market.
Rising fuel costs, shippers’ need for
bigger loads and better roads that
permit trucks to travel at higher
speeds are driving demand for bigger
and better trucks (WSJ, 18 Oct
2013).

Copyright 2014 by Noriko Bahling
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Foreign Automakers’ Strategies (1)

» Audi, BMW, and Daimler are focusing on smaller made—in—-China luxury
cars. They are are speeding up plans to offer a wider selection of small
cars and sport-utility vehicles in China (WSJ, Sept. 30, 2013).

* Volkswagen plans to invest $24.7 billion in China from 2014 to 2018 to
open new factories and introduce new models. It aims to sell more than
3.5 million vehicles in China in 2014. It also focuses on new energy cars.

Copyright 2014 by Noriko Bahling
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WSJ, Sept. 30, 2013

Foreign Automakers’ Strategy (2)

4 Toyota, the world's largest car maker by sales, plans to bring 15 new
car models to China by 2017 as part of its efforts to double its sales
to plans to reach more than one million in 2014 and two million cars
over the long run. (WSJ, April 19, 2014)

# Toyota is becoming more ambitious about its China business, with an
aim to take the third spot in the world’s largest market for cars in
terms of market share.

% Toyota will focus on low—cost cars and hybrid vehicles.

TOYOTA

=@

ey

<= [

WSJ, August 5, 2014
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Foreign Automakers’ Strategies (3)

year through 2016. The new Cadillac SRX melds the
characteristics of a car and a sport-utility vehicle.

Ford said that it will have introduced 15 new models in China
between 2011 including the luxury brand

.

Lincoln and the classic
Mustang muscle car. It
plans to market a new
version of Mustang in
China and Europe in late
2014

° Copyright 2014 by Noriko Bahling

< GM plans to introduce nine new or refreshed SUVs in China —
within the next five years and to release a new Cadillac every Pusseme o ommercl

Foreign Automakers’ Strategy (4)
+*Hyundai Motor Plans New China Factory

% Hyundai plans to build a fourth plant by late 2014 in Chonggin. It has 3

plants, each 300,000 unit capacity in Beijing.

# Hyundai plans to launch its first battery-powered electric vehicle (EV)

in 2016.

4 Hyundai faces rising competition in China,
from Japanese rivals and from GM and
Volkswagan. GM plans to add four plants ™
by 2015; Volkswagen opened a new
factory in Xinjiang last August. (WSJ,
March 26, 2014)

Copyright 2014 by Neriko Behling
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Foreign Automakers’ Strategies (5)

 After years of lost ground, Fiat and Chrysler plan to
produce Jeep in China aiming at China's booming SUV
market starting in late 2015 (WSJ, April 19, 2014).

4 China’ s Donfeng injected at least €3 billion ($4.09 billion)
into France’ s Peugeot and became one of largest
shareholders (WSJ, Feb. 18, 2014).
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Thank You Very Much for
Your Attention

Noriko Hikosaka Behling
behlingn@msn.com

www.norikobehling.com
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Advanced NDT to Monitor Friction StirWelding

Gerd Dobmann

Chair for NDT and Quality Assurance, Saar University, Germany

QOutline

Friction Stir Welding

Process in Detail

Tools




Process forces Material movement by rotation and translation

AlMg3Mn-AlMg3Mn FSW with nugget, TMAZ, HAZ and
BM at RS and AS

Joint Line Remnant JLR, Oxid-Hydroxid
Particles




Process monitoring and control

Welding parameters

measurement by piezoelectric sensors
according to Kistler

ZigZag indications

Feed per revolution and groove spacing P
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Pattern recognition in the spectrogram of a
sound weld

Superposition of high powered (20 kHz, 25-
40um, 3kW) ultrasound, S00N

Benefit & conclusion — more than a factor 2
in lifetime

s S
oF

-

00 N, 108 1

Red=with oxide particles, blue=oxide removed by grinding,
green=powered ulirasound
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Automotive Industry and MEMS Technology

Yutaka NONOMURA

Principal Researcher, TOYOTA CENTRAL R&D Labs., Inc., Japan

Automotive Industry
and MEMS Technology

Yutaka NONOMURA
Principal Researcher
System & Electronics Engineering Dept. Il
TOYOTA CENTRAL R&D LABS., Inc.

—rL TOYOTA CRDL., INC. me—

Outline

1. TOYOTA CRDL, INC
2. Sensing Technology for Automobiles

3. Sensors for Automobiles

3.1 Combustion Pressure Sensor
3.2 Quartz Yaw Rate Sensor

3.3 3-Axis Accelerometer

3.4 Optical Device

4. Sensors for Robots
4.1 Robot Use of Automotive Sensors
4.2 Tactile Sensor with Nerve Network

5. Summary

~L TOYOTA CROL., INC. sm—

1. TOYOTA CRDL, INC

~L TOYOTA CROL., INC. m——

Introduction of Toyota Central Research and
Development Laboratories, Incorporated

Copyright © 2014 Toyota Comral RED Labs., e, —Jh

Company Outline

& Established :November 1960

Location :Nagakute, Aichi, Japan
& Capital :3 billion yen (30million US$)
@ Number of Employees: 1,035

Ground Area :About 300,000 m?
@ Floor Space :About 98,000 m?

(March 2014)

| 9§
JI.

YA Copyright © 2011 Taysta Central RED Lab. Inc.

Technical Collaboration Contractor Companies

Technical Collaboration

Stockholder Companies Contractor Companies

@ Toyota Industries Corporation

@ Toyota Motor Corporation

@ Aichi Steel Corporation

@ JTEKT Corporation

@ Toyota Auto Body Co., Int.

@ Toyota Tsusho Corporation

@ Aisin Seiki Co., Ltd.

@ Denso Corporation

@ Toyota Boshoku Corporation
9 companies

@ Toyota Motor East Japan, Inc.
® Toyoda Gosei Co., Ltd. 51 liht emitting
@ Hino Motors, Litd. Truck
@ Daihatsu Motor Co., Ltd.

Light automobile  (yther 39 companies
(March 2014)

2 1€ 2011 Toyots Condral R&D Labs. Inc.




Technological History 1

¥ 1960: Toyota CRDL, Inc. established in Nagoya City
1972: Thermo-Reactive Deposition and Diffusion Process

(TRD Process)
#1975: Exhaust Gas Purification System,

Oxygen Sensor
The first feadback system with an slectric sensor ew
¥ 1980: Expanded and Transferred to } catlyst

#1982: T-10 Robot
21987: Sound Quality of Car Interior Engine Noise
#1990: Nylon-Clay Hybrid (NCH)
#1997: Reaction Control Technology under Shear Flow
(Rubber Recycling),
Insulated Gate Bipolar Transistor (IGBT) and
Diode for Hybrid Vehicles

SEM image of NCH Rubber Recyeling
ight © 2014 Toyota Central R&ED Labs., Tnc.

Technologlcal Hlstory 2

22000: Toyota Unveils Cyber H id Body for R
of Accident Injuries (THUMS®),
GUM METAL (Published in Science 2003)
#2001 Visible-Light Active Photocatalyst TEUMSS. e
(Published in Science 2001) Visibhe-Light Active Swmon
Phatocatalyst @
22002: An Ordered Mesoporous Organosilica Hybrid Material f
with a Crystal-Like Wall Structure (Published in Nture 2002) . oM
#2004:Ultrahigh-Qualty Silicon Carbide Single Crystals @ & "=
(Published in Mature 2004) , T Frocess
High Perft Lead-free Pi lectric v
Materials (Published in Nature 2004) , s
DLC-Si Coating Process ‘ﬂ p s st
22005: [nertial Force Sensing System for Mobility Robots
#2009: Pedestrian Detection for Night View System EuSestnan D=t

for Night ¥iew System

22010: Noble Metal Sintering Suppression Technology in Exhaust Catalyst
22011: Solar Fuels -CO, Photoconverswn into Organic Compounds

7k Copyright © 2014 Toyoas Condal R&ED Labs., Tne.

2. Sensing Technology for Automobiles

1L TOYOTA CRDL., INC, me—

Configuration of VDIM

VDIM:Vehicle Dy i g i M.
L : Suspension control  Sieenng sensor

EA N: Col;rol Area Nel:\wcnk.°
etwork of sensors, computers
computer oo m-ﬂ rolof & actustors

Aok S60E0r
from of TSyear TOYOTA Mators
kA ~L TOYOTA CRDL., INC, mm—

Sensor Application Comparison

Acaracy Tiooh ¥ 1) o
Temperature Rargs DwlNT “leNC 0080T | BT
Vibeation 206G 115G 005G 056 10G
Power Fuctustion -4 +-10% +-10% +-10%
= Lange Small Medium Small
Ambent Water, Salt, Dirt, Erosion Woter Woter, Oil, Erosion | Water, Salt
Seneor Cost 1t010§ 010§ 010§ | 10010004
Whole Cost 001 0 01 M 0001 10 001 NS 000 o 1M | 01 o 100 M
Cost Rty 10w 10° 1010t 0ol | 10tenf
| Public Professioral | Pofossiomal ___Frofessionsl
ENC: clectomagretic compet bilty
Accuracy: Middle High stability
Working range: Wide High reliability
Life: Long Low cost by mass production

~L TOYOTA CROL., INC. m—

Kind of Automotive Sensor

Temperature Water, Oil, Intake, Exhaust air, Fuel, Cabin
Gas Oxygen, Lean, NO,, HC, H;
Intake air, Air flow, Combustion, Supercharging,
e Brake, Tire, Compressor
Position Fuel level, Cam, Vehicle height, Seat
Angle Crankshaft, rotation, Throttle, Steering, Direction
Speed Engine, Vehicle, Transmission, Wheel
Angular rate 'Yaw rate, Rollover
Acceleration Airbag, Chassis, Suspension
Force, Load Brake pedal, Steeri e, Loadi
Vibration Knocking

Laser, Microwave, Visible light, IR light,
Solar irradiation, Headlight, Veice, Ultrasound

Light, Electric wave, Sound|

Others glow plu_g. Particle, Rain drop, Humidity, Antenna,

Inner sensor: Pressure, Acceleration, Angular rate (very important to control vehicle)
Outer sensor: Sonar, Rader, Vision (expecting advanced safety)

1L TOYOTA CRDL., INC.s—




Prize of “One Step on Electro-Technology”
from IEE Japan in 2013 (%ﬁ@ﬁg}cﬂwmm“m

Piezoresistive Semiconductor Pressure Sensor
Toyota Central R&D Labs., Inc.

- Si Diaphragm with TR
Semiconductor Strain Gaugq’

with MEMS Technology {1 0s) |z
- Gas Pressure Monitoring Se
(Toyota Machine Works 1sao)
- Intake Pressure Sensor for
Automobile (Denso 1981)

AR ER-FN -5I Diaphragm

TL—*ME 51 YREE TAFIFS

|54 Dlagheagm by MEMS
Y Strain Gauge
FAYDIL | s Ml Gas Pressure

Strain Gauge \ By Monitoring Sensor
W, -]
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| T _,] Cross-sectional View —
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Entrance of Toyota Central R&D Labs. Inc.

Automotive Sensor & MEMS Technology

1965 1970 1975 1980 1985 1990 1985 2000 2005 2010 20156
L A L L 3 L 1 1 1 L L

Pressure Sensor
Bulk Gauge

Combustion Sensor  Yaw Rate Sensor
Diffusion Gauge Cross Gauge * *
* x*

Gas Pressure Sensor JTactile Sensor
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3. Sensors for Automobiles

3.1 Combustion Pressure Sensor
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Combustion Pressure Sensor

for Low Exhaust Emission 3t High Temperature sttt ammmr 2
T00-1200degC

for Low-fuel Consurmption at High Pressure
1-2MPa.

INSTALLATION TO ENGINE

AL

linder Head
\F:hvc \
ombustion
Pressure
PISt ensor
Lean Burn Engine (TOYOTA)  &teew
1993 Prize of Japan Seciety of Mechanical Enginsers

froen . Nonomurs st al., IMechE (1904}

1L TOYOTA CRDL., INC. m—

Combustion Pressure Sensor

Installed on TOYOTA Lean Bum Engine in 1893

COMBUSTION PRESSURE SENSOR STRUCTURE OF THE FORCE DETECTOR

FORCE
HEMISPHERE FORCE
(METAL) TRANSMISSION
PUT . BLOCK (GLASS)

ELECTRODE SILICON
+CHIP

- BASE BLOCK (GLASS)

Cross Section View Cross Gauge Type

Piezoresistive effect of
Semiconductor single crystal Si

from Y. Nonometa ef. al., IMechE (1884)
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Combustion Pressure Sensor

from Y. Monomura ef. al, IMechE (1884)
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'ombustion Pressure Sensor

Lean combustion control system

from ¥. Nenomara el. al., IMechE (1994)
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3. Sensors for Automobiles
3.2 Quartz Yaw Rate Sensor
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What is VSC | Generate anti-spin force

and the vehicle runs safety

SPIN CONTROL

| SPIN DETECTION
,ROTATION > REVOLUTION

RATE GYRO SENSOR

e

WITHOUT
NORMAL
RAKE

Bl
from ¥, Noncmura at. al., Sersors & Actuators (2004)

WITH
NORMAL
BRAKE
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Principle of the Vibration Sensor

Detection of
the Coriolis Force Fc

m : MASS
V :VELOCITY
2 : ANGULAR RATE

from Y. Nonomurs el al., Sensors & Actusiors (2004)
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PIEZOELECTRIC EFFECT
{Intrinsic Polarization)

Hign-qmlly amlldllelyml

ELECTRODE
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COriolls Force
Pc= 2 mVx!J

DETECTION

(15 x 3.5 x 0.3 mm?) CROSSSECTION of VIBRATOR
s | TOYOTA CRDL., INC, S
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Quartz Yaw Rate Sensor

clear & glitter sensor element

Installed on TOYOTA VSC System in 1998
VSC: Vehicle Stability Control

SENSOR ELEMEH:I!T HOUSING

15 x 3.5 x 0.3 mm 107 x 48 x 37 mm?
IC PACKAGE SIZE Strong & tough case
25 x 25 x 5 mm?

from Y, Nonomura et al., Sensors & Actuaiors (2004
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3. Sensors for Automobiles
3.3 3-Axis Accelerometer
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An SOI 3-Axis Accelerometer with a Zigzag-shaped
Z-electrode for Differential Detection

e Transducers2011
Motivation
#A highly- rate and reliable 3-axis accelerometer is
required for automobiles and robots control.
‘#Differential detection for Z-axis is essential to improve the
accuracy of the accelerometer.

® Zigzag-Shaped Z-electrode (ZS2Z)

+Differential detection
for Z-axis is achieved
with only two Si layers.

*Gap distances 1-3 are
equal by the uniformity
of the oxide layer.

Detection method

Ex

a's 3|

= —
- i

Gap1 C1
Mass

(z2) (z1) (z2)
i R VA Tt O 2 Zeolectrode (Z52)  wm

ction part

SOl 3-Axis Accelerometer with ZSZ
{24

front side

(*S0I: Silicon on Insulator)
1. SOI* for sensor material

2. All translational motion detection
3. Zigzag-Shaped Z-electrode (ZSZ)

back side
M. Fuji ¥, Monomura, et al. Transducers 2011
b 1L TOYOTA CRDL., INC. s—

. 3-Axis Accelerometer

» Zigzag-Shaped Z-electrode
was primarily proposed for
3-axis accelerometer with
differential detection.

i choroe A |
before differential After differential
L]
4 o X
=Y T
g 2
S o
-
-4 7
= -15
0 90 180 270 360 15 =1 05 0 05 1 15
i Angle (deg) Acceleration (g)
from M. Fy Y, et al Transducers 2011
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VSC (vehicle Stability Control)
VDIM (Vehicle Dynamics Integrated Management) @

Without Control

TOYOTA Motor The car with the VSC or VDIM runs safety and smoothly
on a slippery road of low g such as wet, snow, and frozen.
—L TOYOTA CRDL., INC.s—

3. Sensors for Automobiles
3.4 Optical MEMS
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MEMS Scanner

slow scan
(non-resonan ce rnode‘r

perimeter monitoring

collimating lens mirror for laser radar
laser diodes, mun 1on TOF (time of flight)
large mirror size

scanner 2 mkas\‘)em 8xdmm
e =
fastscan f
(resonance mode) '.I'-cxla dﬂ;
=1 [ moving m.

SCF!tIA?S U one penmmngt m:mt

SENSOr™ imaging lens mirror angle detection

{SPADS:sinale choton avalanche dicdes) by Hall element

mirros-drive Er

o; = __rotation center
tapered uo g -
magnetic Z —magnetic field

pole :

coil,_

Wi —

¥ éX = S
() A-A’ cross-section view.
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(&) Tep view:
dreen | Acyagl, ¥.Nonomura. at sl Transducers 2013

Structure of MEMS Scanner

alignment-pins

W(BM mm’) \
(a) MEMS mirror (front side).
magnet-fix

cavity 25"""
_rib
moving
magnet
(b) MEMS mirror (back side).
from 1 , Y. Noncenura, ot sl Transducers 2013
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Characteristics of MEMS Scanner

5
‘E i muv?bla frame fl!10\fah|8 mirror -%.. ;
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Driving condition Mechanical rotalion angle
~frame (non-resonance). 30 Hz, m of movable frame (* )
-mimor (resonance) :©1.3kHz. 19mA,,
from 1. ¥.Nonomura, ot al Transducens 2013
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4. Sensors for Robots

4.1 Robot Use of Automotive Sensors

Toyota Group has a dream
to create a new world and style of life with robots as partners.

1L TOYOTA CRDL., INC. s—




Role of the Artificial Three Semicircular Canal

‘Walk on stilts
‘with keeping balance

Person Biped-type Robot

Rolling-type Robot

Pendulum)
~L TOYOTA CRDL., INC. m—

IMU: inertial measurement unit
from ¥, Nonomurs o4, al. Sersor Symposium, (2006}

obots with the Inertial Force Sensing System
Parson Carrier Biped-type Robot

2005
Biped-type Robot EXPO
(Plays the Trumpet) Merd

S emicircular Canal

Rolling Type

e et i (2+1 wheele)

and a digital signal Processor 6&] <j-Swing>
Biped-type Robot with %, show
Wire Drive Rolling Type (2 wheels) Robot

from Y. Nenomer et. al, Sensor Symposium, (2008) (Inverted Pendulum)
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4. Sensors for Robots

4.2 Tactile Sensor with Nerve Network
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<POINTS>
Serial bus, Event driven against congestion
Sensor chip on signal processor

Signal outputs when force changes

Nerve like relay node

T e

Robina, TOYOTA

3mm
N Scmsor chip
—_——

Flevible sheet

-\

LSI LS1 pad
Wiring from 151 pad i the backside
on between 51 pad and semor structun

Front Hack
Tactile sonsor chip Tactile sensor chip and signal line
“ —,L TOYOTA CRDL., INC. m——

§irucﬁ:re OF iacflie gensor Eiemen'i'

- 'trIaxiaI foroa detection with seesaw

Bcgl:ta diﬁemnﬁal detection
tatic capacitance detection

- 30] (silicon on Insulator) substrate
stable material

- integrated architecture

sensor element and LS|




Characteristic of Sensor Element

0
2
1
0

from . Hata, ¥, Nonomura ot al_MEMS 201
i z ~L TOYOTA CROL., INC. s

5. Summary

» The sensors for the automobiles have been
advanced with the MEMS technology.

» New sensors and devices are created with
new MEMS technology, and that will continue
to grow.

» The needs and applications of the sensors
and devices are expanding.

» The sensors and devices of the automobiles
should be integrated with LS| for high
performance and communication systems.
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Heterogeneous Integration by Adhesive Bonding

Masavyoshi Esashi

Professor, Advanced Institute for Materials Research, Tohoku University, Japan

Heterogeneous Integration by Adhesive Bonding

S

TOHOKU

1. Wafer level packaging and hetero-Integration by Selective Bonding

M.Esashi (WPI-AIMR, pSIC, Tohoku University)

2. Multiband system for cognitive wireless communication £
fAIMR
3. Diamond electrode array on LS| for amperometric biosensor

4. Massive Parallel EB Exposure System (Digital fabrication of LSI)

WS

October 9 (Thu) 2014, Sendai
1

5. Open collaboration

International Conf. *Global/Local for Next

| circuit + actuator

| Advantages

| (low cost, array etc.)

'gj [Lu_

Structure + sensor +

*Miniaturization
| (high sensitivity, low
| power, good spatial
| resolution, etc.)

*Integration

T /%)
LN "E“&f

Blood pressure | Tire pressure

sensing rnonilnrinn Mictaphione
e 8 e O Aocdmaiarfbr

Accelerometer | Gyro forenmera user interface

for airbag ]

1980
Trends of MEMS (Micro Electro M

MEMS switch
Print head spl IR imager
2000 (OMD)

I Systems) p

(Night vision) 2010 year
(+13% in sales)

Pressure sensor

Accelerometer
& Gyro

Communication

Image
(MEMS array)

2

Capacitance
detection circuit

—_—2m—

I WETHRLEY nerrase

e

Wafer level
packaging

For low pressure measurement
10mmbip0 -~ 300mmH:0

Frequency and analog output

Toyoda Machine Works, LTD.

Monolithic capacitive pressure sensor

Integrated capacitive pressure sensor (Toyoda Machine Works)

(Y.Matsumoto, S.5hoji, M.Esashi, 22nd Conf. on Solid State Devices and Materials (1990) 701)

Bonding (Sealing) %

R
S A i
Pl e A il

Silicon wafer

done.

suitable for surface mou
- high yield (protection of
structures during dicing)
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Dicing ¥

gg

- low cost (minimal invest

MEMS have moving parts = Direct
molding with plastics can not be

Wafer level packaging
= small size (chip size encapsulation,

nting)
MEMS

-» high reliability (hermetic sealing)

ment for

assembly, no use of expensive

&

ceramic packages etc.)

P T 3

(M.Esashi, J of Mic

Microengineering, 18 (2008) p.073001)
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ST AONECRFEMBRLT
BAEHEHOPERDELWEDH
FEICFR O ENER

PENYFAR

DL S TR ]
FAHBRBERRE
F—FI ABEH

Immune to electrostatic discharge up to 1000V
Wide frequency range (DC~10GHz)

MEMS switch for LS| tester
(Advantest)

MEMS switch factory

(Advantest components (Sendai)) ﬁmmmmm Rapl;‘LM ZEZ%J. a1 5

6. Anodic bonding

__NIKKO

LTCC (Low Temperature

Cofired Ceramic) with ~ Nano-porousg

L_,I_,[TII_‘D

electrical feedthrough for

(M. Mohri, M. Esashi and S. Tanaka : “MEMS wafer-level packaging technology

MEMS packaging (Nikko)

old bump by

etching out of Sn from Au-Sn
(Collaboration with FhG ENAS)

using LTCC wafer”, IEEJ Trans SM, 132-E, No.8, pp.246-253 (2012) (in Japanese))




Adhesive bonding

MEMS on carrier wafer Piezoelectric
(Piezoelectric thin fiilm etc) MEMS switch etc

After adhesive bonding and
removal of carrier wafer

Anodic bonding J]

LTCC wafer with through-
via interconnection

- Dicing
=
Packaged hetero —S—=
integration chip Wafer level sealing

Heterogeneous integration by adhesive bonding -

1. Wafer level packaging and hetero-Integration by Selective Bonding
2. Multiband system for cognitive wireless communication
3. Diamond electrode array on LSI for amperometric biosensor

4. Massive Parallel EB Exposure System(Digital fabrication of LSI)

5. Open collaboration

Sendai 50ch » BW 6 MHz = 300 MHz

Ishinomaki

THITR

g L1 | LAY LRSS RTINS

470 MHz 770 MHz
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AVVVVA-A
ﬂ 20 MHz (11 Mbps) ""ﬂ
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5 MHz (2 Mbps) i
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J VY Y T T 0 el

TV white space cognitive radio (IEEE 802. 11af)
(Collaborators : NICT, Murata Manufac., Denso, Chiba Univ. ...)

Tunable SAW filter
using BST varactor
Se1e ?ZM\t‘lz

Network disorder during disaster. Traffic of mobile communication is x 2.2/year —

Multiband system for cognitive wireless communication to use
available frequency bands efficiently

i i i ¢
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= CMOS-FBAR voltage controlled oscillator
(A Kochh

. et.al, 2012 IEEE Ultrasonics Symposium, 5€-3)

f of PZT bi Bondi

Ti03 PUTI  PZT i

Si support wafer

Palymer spin coaﬂngp

Au electroplating
Au anchor

Support wafer and TiOz etching
Sacrificial layer elching

LSI wafar
Si0;  Polymer

Palymer etching | a)

Displacement : Sum / 10V

PZT MEMS Switch on LSI

(Matsuo, Moriyama, Esashi, Tanaka, IEEE MEMS 2012, 1153-1156) 2




1. Fabrication of siicone bumps
Bonding interdayer Device (e.g. MEMS)

2 Waler alignment and banding
| S e ——
L - -
Selective transfer pr by laser debonding
10 MHz
i
m
-l |
8 -
o s « ?‘
LI I |
39715 MHz 584,18 MHz

Multi SAW filters on LSI by selective transfer

4S. Tanak, M. Yoshida, H. Hirano and M. Esashi : “Lithium niobate SAW device hetero-transferred onto silicon
integrated cirouit using elastic and sticky bumps”, 2012 [EEE International Uitrasonics Sympsium, p.1047 (2012},

2. Patterning Pt, BST, Pt and Au

BEYVO, S laser G

=398 )

Cyl3] [yl3
B o
!TC.: ner-Cat
Tunable SAW filter using ferroelectric varactor

(H.Hirano, T.Kimura, |.P.Koutsaroff, M.Kodato, K.Hashimoto, M.Esashi and S.Tanaka, J. of
Micromech. Microeng., 23 (2013) 025005)
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1. Wafer level packaging and hetero-Integration by Selective Bonding

2. Multiband system for cognitive wireless communication

3. Diamond electrode array on LSI for amperometric biosensor

4. Massive Parallel EB Exposure System(Digital fabrication of LSI)

5. Open collaboration

2501 ey AwCeSUS BDD

A=t .
Al Alpad | passivation layer| A
CtvAsbier LS1 TS "'*"| ;

g
1;>
Conductive boron doped :
diamond (BDD) electrode array
(20 X 20) on LSl for
amperometric biosensor

(T.Hayasaka, S.Yoshida, K.Inoue, T.Matsue, M.Esashi and STanaka, Sensor symposium ,
Sendai (2013/11/6))
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1. Wafer level packaging and hetero-Integration by Selective Bonding
2. Multiband system for cognitive wireless communication

3. Diamond electrode array on LSI for amperometric biosensor

4. Massive Parallel EB Exposure System(Digital fabrication of LSI)

5. Open collaboration

PC

Nanao crystal (nc-) Si emitter

h, 100 % 100 active
ma?rix nc-Si

= =

MAPPER
Name MAPPER
Spec.
Massive parallel
S0kV SkV 50kV
Point beam/Gray scale
~=10M beams 13k beams Reflective (REBL)
>1M pixels
TPT 1
(so\npnsh‘ﬂo tools) uoouphmo tools) m@hﬁ
Verity 2012 2011 2013
Others EU FPT MAGIC project DRAPA/KLA-Tencor
Parallel EB exposure systems under development
(SEAJ2012 Road map p.25 http:/fwww.seaj.or jp/rdmp/2012roadmap/2012litho.pdf)

Concept of massive parallel electron beam exposure system using nc-Si emitter
50nm thick resist

- - -Expo“d area

CMOSLSI for emission centrel  Bump (Au/In/Aul  Polymer Bﬂ:‘m

Oxidized ne-5i * Electron beam ™ Au/Ti {nm./Inm)
Structure of 100 % 100 active matrix nc-Si emitter

{H.Nishino, 5.Yoshida, A Kojima, N.Ikegami, N Koshida, 5.Tanaka and M.Esashi, Technical Digest 22
IEEE MEMS 2014 (2014) 467-470)
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100 % 100 active matrix electron source LSl and pad layout in 430 pin package *

Feld curvature
{R % h 6 1E
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Electronic aberration compensation

" (N.Jkegami, N.Koshida, A Kofima, M Esashi etal, J. Vac. 5ci. Technol., B31 (2013) 08FT03)




Electron source

Electron source
Collimator lens

Lens 2

Image of
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| i / iens
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b

CANON ML2 ;
{M.Muraki, S.Gotoh (Canon), J.Vac.Sci.Tech., B18 (6) (2000) 3061)

CriAu (300nm)
hd

HPD16306 (High
voltage CMOS driver)

Planer nc-5i
electron source
chip with TSV

/ LAY
15 X 15 electron source using planer nc-Si emitter and commercial LSI

o
Experimental setup for 1/100
and 1/1 exposure test.

Exposed patter on a resist using 1:1 projection system with
15 % 15 planer type nc-Si 27electron source (Electron
source pattern is superimposed in the right photograph)

1. Wafer level packaging and hetero-Integration by Selective Bonding

2. Multiband system for cognitive wireless communication

3. Diamond electrode array on LSI for amperometric biosensor

4. Massive Parallel EB Exposure System(Digital fabrication of LSI)

5. Open collaboration

(A Kojima, N.Ikegami, et.al.,Proc. SPIE Al Lithography Technologies \, 8680 (2013) 868001)
Company Company
A B
Ricoh,
Emket:| Fmjck Toyota motor,
Pioneer,
:Nippon signal,
Toppan TDC,

Kitagawa iron works,

- Sumitomo precision, NIDEC
. COPAL elec. Nikko,

j\ Toyota central R&D lab,
Nippon dempa kogyo, Japan
' aviation elect. Ind., MEMS

! core,

MEMSAS,

Furukawa Electric,

Denso

Laboratories in Tohoku Univ.

Shared CMOS LSI wafer

Companies which can not
prepare their own facility
dispatch their employees to
operate equipments by
themselves for development
and small volume production.

Shared facility for industry to prototype MEMS devices (4 / 6 inch)
Hands-on-access fab. (Nishi h center in Tohoku Univ.)
Contact person : Assoc. Prof. Kentaro Totsu totsu@mems.mech tohoku.ac jp
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Company Users
= 500
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E 400 - Nishizawa memorial
g research center
§ w0
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20 I companies
o Ll I
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2010 201

2012 2013 2014

Users of the Hands-on-access fab.

Companies are

Equipment were moved from Tr. Factory or donated

allowed to sell
MEMS devices
produced in the
“Hands-on-
access fab.”
(2013/7~)
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Staff

Government award (1800 m?)

Layout of Hands-on-access Fab.

33
Shared facility for industry to prototype MEMS devices (4 / 6 inch) Hands-on-access fab.

Consortium
(MEMSFC)

Advantest component
Co.Ltd.

(Contract production)

MEMS core Co.Ltd.
(Contract developm

(Initial stage
prototyping)

s
Micro System
Integration
Nishizawa center, (Tohoku Univ.) Center (USIC), AIST (Tsukuba)
(Hands-on access fab.) Tohoku Univ. (8 inch production stage pfclntyplng]

FhG Germany — Sendai city partnership
signing ceremony in Munich (July15,2005)
e - :

FhG Gen'nany — WPI-AIMR Tohoku Univ.
partnership signing ceremony in Sendai
(Nov. 8, 2011)

1% Fraunhofer Symposium in Sendai
“Doing Worldwide Business via MEMS
technology” (Oct.19, 2005)

|

FhG Project center in WPI-AIMR,
Tohoku Univ. (April 1, 2012)

Collaboration with
FhG (Fraunhofer

Institute) in Germany *

Tohoki Sami Balei,

IME in (2012/6/21)

(2014/11/12)
“your lab and imec are very complimentary”
Rudy Lauwereins, Vice-President of IMEC

Strategic Partner
Tohoku U - Stanford U - EPFL

S imec:’
(IMEC M.Yonsyama
201216/12)

1ai (2013/11/8)

Signing ceremony
(20120611)
Hiroshi Kazul (Tohoku Univ.)

and Luc Van Den Hove (IMEC) IMEC-Tohok
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5% International Contest of Application in Nano / micro technologies (ICAN'14) July 20, 2014 .,
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Conclusions

1. Hetero-Integration by AdheSelective Transfer
Multiband system for cognitive wireless communication
Diamond electrode array on LS| for amperometric biosensor
Tactile Sensor Network
Massive Parallel EB Exposure System

2. Open coilaboratlon for MEMS on LSI

Prof, Assoc. Prof. AssosProf.  Assis.Prof.
S.Tanaka K.Totsu M.Muroyama S.Yoshida
(RF MEMS) (Open collaboration) (LS design)  (Piezo electric)
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Three Principles of
Making Profit with Big Data

Central Research Laboratory, Hitachi Ltd.

Human Big Data® / Badge-Shaped Sensor

The World-First Organization-Measurement System

Hitachi High Technologles: Service started in 2009

Kazuo Yano o ([ —
PhD, IEEE Fellow = Doy
Badge-Shaped Sensor Node Voice Power & Pitch
Human Big Data is registered trademark of Hitachi Ltd.
Sales-Performance Gap Between Two Call Centers
Intgiliggnt Call Center 1A | | Retail Chain IA Bank IA Call Center B is more productive in telephone sales of Internet service
Applications
Call Center A CallCenter8 [l
= = 51 sales persons 79 sales persons
+ 7 supervisors +T7 supervisors
s [
Artificial Automatic Learning from Big Data 10 pe0.0001
Intelligence Synthesis of Realistic Mathematical Model 8 r
Measurement 'E' 6
S4r
Data 2t
Collection 0 1 l 1
0.25 0.35 0.45 0.55 0.65 0.75 0.85 0.95

Daily Sales Success Rate

Collaboration with Moshi Moshi Hotline, Inc

Activity Count and Active Ratio

Why focus on body motion? Over 90 % of messages during communication
is through non-verbal elements (motion, etc)

L 2

Activity Count = Zero-cross count of the acceleration waveform in a minute
Activity Count>Threshold (240/min=2 Hz) : Active state
Activity Count<Threshold (240/min=2 Hz) : Non-Active state

I Active state ' Nom-active state

MemberA
Ni
Member B R z‘: i
ctiveRatio=
Member C 2 N'm
Member D t

Time

s (a) In Office (b) In Rest Area
- -o-Centené o =+ Center A
vane Center B
ﬁua gu
T 03 03
ﬁoz Enz
o1 o1
o p>02 a p<10®
1357 PN BTHNNDITN 1357 P NVBTHNDBTN
Day Day

High-performance center shows higher collective activeness in rest time

© Hiachl Lot 2014 Alrights reserved. 6




Optimization

e CollCenterd aa
g r ::5 «Call Center B (Last one week)
§ o 025 =4 people with similar age are assigned to share the team for resting
o 2 é +3 weeks before intervention is compared to 1 week after intervention
£z R=0378,p <005 1 010
00 008
108 5 T B oMo 15T W H N BTN (a) Org. Network (b} Collective
Degree Activen
1s _Call CenterB o 5 {Active Ratio) (c) Sales Success Rate
5 10 |—‘ oS g P Lk 0s0
gu on @ e o S
:f =g " ‘before _after » o ‘ -
Bo: R=0388,p<005 | 0% Clustering Coefficient an
mun‘l!i’i‘!‘!ls"lli‘?’!?ﬁﬂ'am" o o i
Day :: i 6% om
o1 before after before after
Sales Success Rate Correlated to Active Ratio during Rest Time 00
before after
7 [
" . "
Retail Store Experiment
Contribution to Sales Success Rate Time Frame. 20days (648~30, 722~8i)
Contribution of Activeness in Rest Time is Greater than that of Sales Skill . e o
Fi Outcome *Revenue *POS *Revenue G0 M Yen
nance| (Cost-Retum)  -Sales item Data Customer 30,000 People
~Sales Count (CSV) ~Sales Count 99,000 ltems
5 Demand +Flow Line Sensor =Random Sample Study
Collective Activeness Cus: | | Boai E R i i S i)
in Rest Time tomerf | (cystomer) Inquiry - Accelerometer 608 persons (2%)
+Placing Sensor =All Employee
Work| (o&M) -Guest Service IR 80 Persons
~Resting +Accelerometer (about 88 data points)
Facil-| Infrastructure  -Facility Layout  <Floor Plan  -Shelf & Area Codes
ity | (Product) +Item Shelf Assign -Shelf Table  Sensor Locations

Can Computer Provide Effective Solution Beyond Human? YES =~ "

Experiment Contest between a Consultant in Retail Domain and a computer
Problem Enhance the Sales per Customer in a Month based on 10-day data

Human Computer
— Consultant 2 Person Team with Operated by a Researcher
Experience in Retail without Retail Knowledge
=Interview with Executive etc *Computer used only data
Approach «Utilize Domain Knowledge *No Domain Knowledge Used
*Use Data to Hypothesize *Action Selected from Results by Human
POP Ads for Focus Items (LED Highly Sensitive Spot of Employee
Action Bulb etc.) & ltem Rearrangement presence on Sales ldentified

No Sales Increase Confirmed

Sales per Customer for Total Store
was Increased by 15%(Victory)

Conclusion: Computers with big data are to help enhance business performance

AROHBEYETIMALRNE. -

20144E7H 19 H 31T BifEAE
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Social Innovation using Robot Technology

-Toward Autonomous Transportation-

Kazunori Ohno

Associate Professor, New Industry Creation Hatchery Center, Tohoku University, Japan

Social Innovation
using Robot Technology

Wdf¥h

R Inernational Rescue System Instiute

Tadokoro Lab s Research Toplcsﬁ

= Rescue Robot PJ

1 Safe investigation
using robots.

= Next Generation
Mobility PJ
O Intelligence for
personal vehicles

deith

1R tntermationai Rescue System Tnstue

&

Rescue Robot: Quince
Investigation of Fukushima Nuclear Power Plant
Mission: Measurement of radiation & water depth

NEDO: High Speed Search Robot System
Tohoku U, CIT, Tsukuba U, AIST, NICT, IRS, Okayama U.

Tracked Vehicle: Quince

High mobility on rubble Semi-autonomy

&

1R tnternational Rescue System Inst‘a..!? Mapping fcnﬁlﬁ*.b

Investigation of Damaged
Buildings Using UAV

UGV+UAY [Nal:han, Kumar, Nagatani, Ohno, Okada, etc 2011]




Spider-copter

It can observe target with few energy.

Ri

Expectation to Social Innovation

usmg Robot Technology

= Automation of Physical Distribution in a
factory and the industrial area

= Automation of transportation of
medicine, medical records, and
meals in the hospital

= Autonomous dnwn%scar for elderly
persons and patien

= Market size of the robot at 2020.(2012.5) (Fuji economy inv.2012.5)
0 Global market of industrial robots: $6.6 billion
o Domestic market of service robots: More than $1.3 billion

= Japanese Gov. Japan revival strategy (2013.6)

A = Autonomous & Safe Driving: $200billion at 2030

Intelligence for Personal Vehicle

Development of obstacle avoidance, planning,
localization, navigation functions.

waw &

1R tatermational Rescue Systom Tnstimte

Autonomous Outdoor Carrier
= 24Hours, 365days, Snow & Freeze

1 tatermational Rescue Sustom Tnstl

Automation of Public Transportation
Development of Autonomous Driving Car

1 Imemavonas Rescue System Tnsumne

Thank you!

http://www.rm.is.tohoku.ac.jp/

IR Imernational Rescue Smem Institute @




Key Technologies for Addressing the Challenge of Autonomous Vehicles

Christian LAUGIER

First class Research Director, INRIA Grenoble Rhone-Alpes, France

Key Technologies for Addressing the Challenge

of Autonomous Vehicles

Christian LAUGIER, First class Research Director at Inria
hitp:/femotion.inrialpes.fr/laugier

Contributions from
Mathias Perrollaz, Christopher Tay Meng Keat, Stephanie Lefevre

Keynote talk, Int. Conf. “Innovations for Next Generation Automobiles”
Sendai (October 2014)

Structure of the talk
O Context, State of the Art, New Challenges & Approach

O Bayesian Perception for Open & Dynamic Environments

o Bayesian Perception paradigm
o Embedded Perception & Bayesian Sensor Fusion

O Situation Awareness & Risk Assessment
o Learn & Predict Paradigm
o Trajectory Prediction & Probabilistic Collision Risk
o Comparing Intentions & Expectations for Cooperative Safety

Q Conclusion & Perspectives

Socio-Economic & Technical context

O Human Society is no more accepting the incredible socio-economic cost of
traffic accidents !

1.2 million fatalities / year in the world !1!!
» USA (2007) ; -4 059 killed & 2.6 miltion injured

Simvilar numbers in Europe

Accident every 3z

= .l'um.- r“rm.\,« 37 millfon vehicles & 4443 .'er’.’rn ¥ mmun e by

O Driving Safety is now becoming a major issue for both governments
(regulations & supporting plans) and automotive industry (technology)

O Thanks to the last decade advances in the fields of Rebotics & ICT
technologies, Smart Cars & ITS are gradually becoming a reality
= Driving assistance & Awtonomous driving, Passive & Active Safety systems, V2V & 12V
logies ... and Sensors & Embedded Perception Systems

c ations, Green tech

O Legal issue is also progressively addressed by governmental authorities
> Jume 22, 2011: Law Authorizing Driverless Cars on Nevada roads ... and this law has also

been adopted later on by California and some other states in USA

" Priarity Axes (190 M)

© Trwmpertation & Logities |

State of the Art — Cybercars technologies

O An EU driven concept since the 90’s: “Cybercars”
v Autonomous Self Service Urban & Green Vehicles at low speed
v Numerous R&D projects in Europe during the past 20 years
v Several European cities involved

v Some commercial products already exist for protected areas (e.g. airports,
amusement parks ...), e.g. Robosoft, 2GetThere , Induct ...

QO Several early large scale public experiments in Europe

ublic demo 2007

Movie : Floriade 2002, Amsterdam
I‘Sp'?'{.l'& J'nrm U FP7 project,

(2GetThere & Inria)

5

State of the Art — Fully Autonomous Driving

O Fully Autonomous Driving
¥ More than 25 years of research, for both Off-road & Road Vehicles
¥ Significant recent steps towards fully autonomous driving ... Partly pushed
Jorward by events such as DARPA Grand & Urban Challenges ... and Google Car
¥ Fully Autonomous driving is gradually becoming a reality, for both the
Technical & Legal point of views (e.g. Recent Nevada law for driverless cars)

O Results & Major events

Pioneer work at INRIA (mid 90's)

2007 Daspa Urban Ckallenge
97w, 30 mowned & smmanniesd

2018 VIAC Inbervestinental Antsasassnn Challenge
! coverend, J wonihs race. feader + follirers
=« See Spring 2011 HEEE RAM fowe

2011 Gaogle Car project

Floet o matimatcd Teyots Prius

140 000 miles covered on Califomia mads
with ogomdenal human inten entioes




Autonomous Vehicles — Current Limitations

Current Autonomous Vehicles are able to exhibit quite impressive skills .... BUT
they are not fully adapted to human environments and they are often Unsafe !
== DARPA Grand Challenge 2004
+ Significant step tewards Movion Autononmy
+ But still some *Uncontrolled Behaviors™ 1!
== URBAN Challenge 2007

¥ A large step towards road erviromments
~ But still some accidents, even at low speed 1!

== (oogle Cars 2011 & Other projects in Europe
¥ Impressive resulis & filly automnmons driving capabilinies B
¥ But costly Sensors + Dense 3D mapping required +
Hunan Factar weakly addressed !

Some technologies are almost ready for use in some restricted or protected public areas
BUT
v Fully Open & Dynamic environments are still bevond the state of the art !

¥ Safety is still not guaranteed !

¥ Many costly onboard & High computing power are still required !

Intelligent Vehicles — Innovation & Products

Q Cybercars : Some start-ups & first products

Cybes, La Rochelle 2012
CoonAdobl & imesal

Q ADAS : Increasing number of products & equipped cars

“Night/ Bl Wiesther Vi

ent <
rtQi\;«.\\t

JEEE Techsical Commitiee na = AGY & TS
Natetoies Workahogs A Special iswes sinee 2007

Intelligent Cars & ITS — Towards Driverless Cars ?

Hovizon 2020-25 2
Missan promises .
preeiiieruly |
2020

LE FIGARO -
Cate : 2hOMZ01

Toyola
“Automaied Highriay Driving Assisi
(Demo Tokyo 2013, Product 2015)

But absar:
Tieaka (9% Amtanamons, == 2016,
Wetva, Mercedes Class S, BMW .,

: 4

<+ Market Forecast : 8000 cars sold in 2020, abaut 95 millions in 2035

+ Still some open questions: Why driverless cars ? Intelligent co-Pilot v/s Full Autonomy ?
Acceptability ? Legal issue ? Driver / Co-Pilot Control transitions ?

Car technology is almost
grivinguAs:lgauce & F uII;:eA“ ﬂoﬁ:wus Driving

Steerimg by wire
_ Brake by wire
Shift by wire

- X

3 3 fe, SCSOrs ... but alsa
“Serwor based Active Driving Assistance ™ fe.g. Automatic Parking )
=2 Conl de fiege {firture reres proch

embedded sy ;-

- .... But a real deployment of Advanced
Technologies for ADAS & Autonomous Driving,

requires first to deeply address three main technical

issues:

¥ Robust, Integrated, and Cheap enough “Embedded

Perception Systems™ (

¥ Advanced Control & Decision Making technologies

«« Taking into account Uncertainty

> ¥ Friendly Human — Vehicle Interaction

s




Challenge 2: Human Aware Navigation & Interaction

Human are unbeatable in Technology is betier for “si)
faking decistons in complex ; == oo conired decisions (ABS, ESP )

Challenge 1: Multimodal Perception & Situation Awareness

Mustration: Traffic scene understanding
=> Detect, Track, Classify, Predict

¥
B | !
P! oD |

Share Control
is mandatory !

Context & Semantics is required

O Dynamicity & Uncertainty S
== Space & Time + Probabilities — -

O Interpretation ambiguities & Semantics
== History, context, prior knowledge + Sensor fusion

0 Prediction of future states (recently addressed) A3

== Behaviors, prediction models

0 Embedded Perception (necessary for deployment) DItErMon tativg mffgm"mmp Eox)
Safe & Socially Acceptable Human / Vehicle Interaction is necessary !

== Miniaturization & Saftware / Hard, integration

== “Mutual Driver { Vehicle understanding ™ H

Bayesian Perception for Dynamic Environments
= Develaped by Inria. Patented by Inria & Probakes, Commercialized by Probales 2006
= Used by: Tovotu, Denso, Probales industrial applications + IRT Nanoelec CEA

Key Technology 1: = .. r.‘-"" e
“Bayesian Pmeption NNM” sl m-;‘-[-:ﬂll f

Q Bayesian Perception for Open & Dy ic Envir t i
0O Embedded Perception & Bayesian Sensor Fusion

pancy ¥
[Coowd & Lassegier LIRR 5]

Snasic obsswele (P, a1

< B iing Dynamic Envi using P-Grids (Oceny & Velocity Probahiliti
+ Bayesian Inference + Probabilistic Sensor & Dynamic Models (Robust to sensing ervors & oceultation)
+ Highly parallel p ing (Hard impi fon : GPU, Ml fri , SaC)

Underlying Conservative Prediction Capability Multimodal Bayesian Sensor Fusion

=> Application to Conservative Collision Anticipation
Bayesian Sensor Fusion + Detection & Tracking

el s betely aev passit

* fasa o

* Wove mbn errors & Tempuorary oce

o Peerep

Fast Clustering and Tracking Algorithe (FCTA)

Parked Vehicle
(oczultation)

Autonomous
Vehicle (Cycab)

e

[Meklomachur 09, Lougier et ol ITSMCT]

f———

T —

[Cowe et al LIRR 05] Motion Detection
‘Thanks 10 the prediction capability of the BOF technology, the Vehicle “anticipates’” the i pap o
behavior of the pedestrian and brakes fever i the pedestricm ix temporarily hidden by the parked vehicler - ,

ln




Embedded Peme?ahn System (Lexus)

CPU+GPU+ROS [/ Stereo + 2 Lidars + GPS + IMU

PC+ G + RDS
Inestisl sensor & GPS (Xsems MUi-(i)

GIPS track

mmple
S LML b Olometry)

{Perrollaz et al 10] [Laugier e af ITSM 11}
Iros Harashima Award 2012

Bayesian Perception — Some experimental results

Eimbeskdedd perceinn o L fcooperation Toyotal

o

People Detection & Tracking wsing Fised Comeras
furia & Probayer

Narvigable Spoce & Risk
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Key Technology 2:
Situation Awareness & Risk Assessment

Q Learn & Predict paradigm
Q Trajectory Prediction & Probabilistic Risk Assessment

Q Comparing Intention & Expectation for Cooperative Safety

Situation Awareness — Problem statement

= Understand the Current Situation & its likely Evolution
= Evaluate the Risk of future Collision for Safe Navigation Decision

o Enpocied Dv 1 TTE

-'I# Falseaticn

T %
2t Y
)
‘.

Unmsctvative TTC hased crash warming i wed sullicienl |

g

Behavior Prediction

+
Probabilistic Risk Assessment

Situation Awareness — Prolem statemer

Behavior Prediction + Probabilistic Assessment

. Frevious ohaery

=> Consistent Prediction & Risk Assessment requires to reason about:
¥ History of obstacles Positions & Velocities
== Perception (Datmo) or V2V Communications
¥ Obstacles expected Behaviors
== Moving straight, turning, crossing, overtaking, stopping ...
v Space geometry / topology
== Road lanes, curves, intersections ... |

¥ Traffic rules

b

Techno 1: Behavior Learning & Future Motion Prediction
The Learn & Predict paradigm [Vasquez & Laugier 07]
[entrance)

* Concept of “Intentional Motion" (goal in mind)
_ * Observe & Learn “typical paths™
* Continniously “Learn & Predict”
¥ Learn == GHMM + Topological maps {SON)
¥ Predict == Exact inference, linear complexiny

Estimute “Model structure™ & “Tramsition probabilities”

Continueus Goal & Path Frediction




Learn & Predict approach — Automotive application

[Vasguez et al 07]

Techno 2: Trajectory Prediction & Prebabilistic Collision Risk

Patent INRIA & Toyota & Probayes 2010

[Tiry 09 [Laugier et al 11}

PURIOLD = Laind 7 P PSS )

27

Trajectory Prediction & Risk — Experimental results

[Tiry 09 [Laugier et al 11]

Narvigable Spoce & Rink fusimg 85

Traffic participants hefavior prodiciion &
collivinn rivk extimation
Probaes & TME

Techno 3: Drivers Intentions & Expectations paradigm

[Lefevee & Longler 1V°12, Bext student paper]  Putent Inria & Renault

Intersection: Risk assessment much more difficult !
¥ Complex Geometry & Traffic context
¥ Large number of Vehicles & Possible Manenvers
¥ Vehicle behaviors are Interdependent
¥ Human Drivers are in the loap !

90% of accidents ave caused by Drivers Errors
== Detect Drivers Errors instead of colliding irajectories

v Exchanging vehicle states information (V2V communication and/or Perception)
v Estimating “Drivers Intentions™ from Velicles States Observarions

v [nferring Ex fronm Drivers I & Traffic rules
¥ Risk = Camparing Me Intention & Expectation using a *Dynami
Bayesian Network™

== Tanking treffic combext into aceam (Topolegy, Geamery, Priority riles, Velicles states)
= Digital mapy obtained uring “Open Street Map™

9
Current & Future Work Conclusion
Miniaturized Embedded Perception & Autonomous Driving
Q Miniaturization through Software & Hardware integration =] Thanl.(s to recent advances in the ﬂelc! ofRobﬂfws & ICT technologies,
# Reduce drastically Size, Weight, Energy ¢ wption, Cost ... while img Efficiency Intelligent Cars are gradually becoming a reality
< Cooperation CEA (French Nuclear Energy Institute) & ST Microelectromics
Objective 2014 & 2016 Vitidhution & Bemmstrasions (2006)
Parking Assistant (2004) Voho mj.—unﬁninx\_ulmu 2011) Ful ,m.-n.-mun driving | n
Q Embedded Bayesian Perception & Situation Awareness & Decision under
] uncertainty are key Technologies for addressing the Chally Vehicl

ST Muli-core bosed (STM)
< = First prowtype 2011, Optimized version 2014
= First prodwct 208, So” MIx*

0 Decision & Autonomous Driving (Perception + Decision + Control)
« First results on “Driving Decisional Process™ == Coop, Berkeley & Renanlt + Patent 20113

# Two PhiD Grams 2013-2016 on “Awtonomous Driving” Toveta & Remault

T bnrta Equipped Expertmental Platfamms
{sennars & processors fully Integrated):
* ToyotaLexus

= Remault Zod

af A

We have proposed, implemented in commercial cars, and tested four main approaches:
% The “Embedded B, Perception | figm™ for dealing with Open & Dynamic
Environments populated by Human Beings

@ Three complementary approaches for “Risk Assessment & Decision Making™
o Learn & Predict paradigm
o Trafectories prediction + Probabilistic future collision detection
o Comparing Intention & Expectation for cooperative safety (i.e. with Human Drivers)




Thank you for your attention
Any questions ?

hitp://emotion.inrialpes. fi/laugier
christian.laugier@inria.fr




Dynamic Motion Control of a Vehicle with a Large Sideslip Angle

Kazuhiro Kosuge

Professor, Bioengineering and Robotics Graduate School of Engineering, Tohoku University, Japan

hi based on plwsinbid it
Advanced and Intel H Ly
H, Makana, K-MLIIMINMKWW Contral of an Electric Vehicle with a '2 ’}J‘ (A
Driven Wheels and Steer ‘1‘_, ".
Angle of Front Whees. i

Mo @F

TOHOKU

Dynamic Motion Control of a Vehicle
with a Large Sideslip Angle

Kazuhiro Kosuge
Bioengineering and Robotics
Graduate School of Engineering
Tohoku University
Sendai 980-8579
JAPAN

DREEMS

Dependable-and-Robust-in-Extreme-Environment-vehicle Maneuver System

Vehicle Motion Control System Q{?}

Electric Stability Control System (ESC)

Braking each wheel and reducing engine
output to reduce ded slip

=

Sideslip Motion During
Automotive Races

Skilled drivers utilize sideslip motion
to drive a car fast [2] in automotive
races such as rally races.

e.g., Drift

Drifting rall car (3]

If we could control a vehicle with a large sideslip angle, fast
and safe driving, like a rally driver could be realized.

[2] M. Cruh e, R0, diertation, Crarheid Lint., Cravieid, U,

sy 2006,
18] TS ralty chalengs htpr/fardeativshalissge jnf

Nonlinear tire model

Nonlinear Tire Friction Property ’2{?'!

During a large sideslip motion, Sy
nonlinearity of tire-road friction i
property could not be negligible.

Tirw

* Depends on environment-
related property

- road surface condition
- temperature

Lateral force [N]

60 40 20 0 20 40 60
Wheel sideslip angle [deg]
Typical friction property between tire and road

Goal ’2{?'!
o

TRHDRY

To develop a control system for a vehicle with a large sideslip

angle using a steer angle of front wheels and driving forces of

four independently-driven wheels.

= A motion control system is designed based on a planar vehicle
dynamics.

* The resultant control system does not require the nonlinear
tire model.

= A steady-state cornering experiment is executed to illustrate
the effectiveness of the proposed scheme.

Vehicle Model

Assuming that roll and pitch
rotations are negligible, we
consider to control the following
three motions;

- Forward translational motion
- Lateral translational motion
- Yaw rotation,

Vehicle moving on horizontal plane

by using driving forces of four
wheels and the steer angle of
front wheels as control inputs.




* Forward translational motion
- Driving forces could be considered
dominant force.

mmp Controlled using Driving forces

Controller Design S Controller Design @

Controller is designed in two steps.

O Controller for the forward translational motion &
& [ateraltranslstional mekon yaw rotation using driving forces as control inputs
- lLateral forces could be considered

domjnant farce, O Controller for the lateral translational motion

using the front-wheel steer angle as a control
input

mmp Controlled using Lateral forces

* Yaw rotation
- Motion are affected by driving forces
and lateral forces.

mmp Controlled using Driving forces

*  Redundancy
= Easy to observe
+ Generated actively

Experimental System @ Experiments @

Real-time operating system TOHOKU
Each wheel and the steering | - ol ey Steady-state cornering experiment 4 seconds after star
system are driven by a DC mators the desired value of
Gyroscope sideslip angle

0

0]
Vehide mass: 5.7 [kg) Desired state I ; i

Wheel diameter: 0097 [m]
‘Wheel polar moment of inertia:  0.156x10" [kgm?]
Control frequency: 1 [kHz]
Controblergain: [1, &, 4, =[0 30 10]
Comering stiffress : €, +C, = 40 [N/rad]

Start
shortly after start
Increase the desired value of
forward velocity & yaw rate

Experimental Results @ Experimental Results @

[ Controller 1  Sideslip angle f=-20deg ] TOHDKY |‘ Controller 1  Sideslip angle §=-20deg ] TOHDKY
NE-1] =
i e !
} a8 - 41
!0 2 4 . L o3 - 2 - . L] "
T T 4
Farward velocity Sideskp angle
Fu C=T : =~
I l: T o 1 % »
P ' o
] 2 i :
5 H “ . . L] 2 z - . . i} l‘l 2 . [ . L
T 1 Tt T 1)
Experimental Result Yaw rate Steor anghe Estimated longitudinal force




Conclusions ’{%’f

* We proposed a motion control system of a vehicle with a
large sideslip angle using driving forces of four
independently-driven wheels and the steer angle of front
wheels.

Proposed control system is separated into two controllers.

= Forward translational motion & yaw rotation controller using
redundant driving force inputs.

— Lateral lational motion ller using steer angle as an input.

Steady-state cornering experiments were carried out and the
experimental results illustrated that the proposed controllers
could control the large sideslip motion of the vehicle.




Development of High Torque Density Axial-gap Switched Reluctance Motor for

Next Generation Automotive

Hiroki Goto

Assistant Professor, Applied Electromagnetic Energy, Tohoku University, Japan

Development of High Torque Density
Axial-gap Switched Reluctance Motor
for Next Generation Automotive

Hiroki Goto
TOHOKU UNIVERSITY
JAPAN
goto@ecei.tohoku.ac.jp

Bl @ECE! &pwammasn

NEXT GENERATION DRIVE TRAIN;
In-Wheel mounted Motor and Direct Drive

ADVANTAGE PROBLEM
LOCK at | |
o W SH(JRTCIRCUIT;%; .;(l)i;-

SIMPLE [ 243 i
DRIVETRAIN = UNSPRUNG

- A MASS 3
FREEDOM .
STEERING

“ADVANCED 2 E.xpec‘t! Motor
CONTROL High Torque Density
Switched Reluctance Motorifguwltc?slfrance —‘

o (SRM)
2 OECE| o emisy x

SRM for IN-WHEEL DIRECT DRIVE EV

Advantage of SRM
Blushless & Magnet-less
Maintenance Free
Saving Material/Low Cost
No Lock at Short Circuit
Mo Demagnetization
Heat Capability

Suitable for In-Wheel DD
Disadvantage
{Turq ue Density

Axial-Gap
ShortAlaep structure

Torque Ripple

INWHEEL MOTOR
Thin Space
Weighted direction is radial direction.

2 @ECE| Dwsaimsn

EXPECTED FEATURES of AXIAL-GAP SRM

Gap
Direction

Radial-Gap

for Large Gap Area
ThinSpace LHigh Density Winding

Double Stator Double Rotor

Cut of Wound Core

©OECEI D Ssasommson, 4

12inch
Wheel size

Stator
support
Weight : 2,000kg ‘ Target Torque
Battery : 144v/31kwh 300N-m@224/mm*
Max. Speed : 30kmfh (no slape) Torque Density
ry . 41.5N-miL

SIMULATION RESULTS

Required Torque of EV Max Torque
in each gradient 301.80-m
360 i - %
320 | 30
280 w0
? 240 + 240
2 &
3 160 axSpeed| ¥ 1w
g- 120 Stkmih_{ E 1m
= 80 #
40 0
0 (]
0 200 400 600 800 0 ] 10 15 20
Speed (rpm) Current demsity (A/mm?)
TORQUE DENSITY: 41.8N-m/L
s 7T\ ENEGY CONVERSION




PROTO-TYPE MACHINE

& - B

~ Resolver

Electric
Wires

E] @ECEI B

Rotor Core 7

TEST BENCH

Proto-type
SRM

“Connect to Inverter

8] OECE! ot

Powder Brake
(Max1200M + m)

TEST RESULTS

Speed vs. Torque Current Density vs. Torque

VIEW OF VEHICLE WITH AXIAL-GAP SRM

360 360 Control box
2 00 Al simrulation ~+-300 A limit simulation R/D converter - dSPACE
I & No.l machine 2 + Noul machine . .
280 0.2 machine 280 No.2 machine =
F 40 Current Limitation 40 e
5 ah o Control H i ot
%- ® 3 ’,"':
E 160 'h E_ 160 i
& 1 i-' ; g g
80 A‘:".‘ B0 ...
40 L wl s
0 0
o 200 400 &00 800 0 s 10 15 0
Speed (rpm) Current density (Afmm’)
7T\ ENEGY CONVERSION % 7T\ ENEGY CONVERSION
.ECJE' @m LABORATORY 9 L3 .ECJE' @m LABORATORY o
CONCLUSIONS

AXIAL GAP SRM achieved HIGH TORQUE DENSITY.
»39[’4 - miL(Measured) is comparable to Rare-
Earth Magnet Motor.
Developing In-Wheel Direct-Drive EV with AXIAL GAP
SRM and optimal drive system.
Compact, Reliable, High Efficiency, Small Ripple

ACOUSTIC NOISE must be IMPROVED.

’Considering about Control Method and
Mechanical Construction.

@ECEI D asasommson, 1

Thank you!

8] @ECEI 4D Ssssommsion,




A new concept car for sustainable development and health

Hideomi Koinuma

Visiting Professor, Tokyo University, Japan

A new concept car for
sustainable development and health
H. Koinuma
Niche of Tohoku Univ., Frontier of Tokyo Univ. and ARENA of Tsukuba Univ.
« Energy and civilization
* A new energy project for sustainable
development :Sahara Solar Breeder (SSB)

* The basic idea and framework of Multi-brid EV
* Electricity assisted bicycle and human power
* Advantage and disadvantage of EV
* Structure of MB-EV: EV + athretic machine + health care
* Initiative application: Multi-brid cart
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Oxides as stem material for sustainability

Effective energy under terestorial conditions = Exergy value
Ex=AG+(1-TITh) T AS

Photo synthesis: vitally i rtant, but energy conversion efficiency is low.

ccs [Ctl‘hﬂn Capture and m} Justcrazy ? < What is more clever ?

Sahara Solar Breeder (SSB) Plan
directed towards global clean energy superhighway

-SCJ Proposal @ G845 A (Rome, Mar.26, 2009)-
Cran

directed towards
Global clean energy
Superhighway

with HTSC cable

PV plants to make SOG-Si
solar cells
using resources ( 5i0;) and
solar power in the desert

Start from 2MW (Si 10t/yr) to breed into 100GW PV in 30 years
= 100 such breeders can supply > 30 % energy demand via HTSC cables

BT
Siemens SEG-Si process
@ Deutch Museum,
Munchen

5 5, chemical
§i02 (rock)+ C>
Sltgs__%pql!}‘?!m 2] Direct
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perfect fo

1d purification h

B3 BRHERT—TIL(E:EERTH ISESMRER AT LARKER (X: PHBAS)

BHEERDLIdemBr—T LTHTOOMADE RN TES
(AROCUBRTIE 4emBOr—F LIRE2—IMBORFILIHHT 36




Roadmap to smart car by multi-energy supply system for higher efficiency, safety, and

health promotion —
> | Multi-functional car
S P e = in the world with
conscious energy multi-brid car
supply system
Multibridation @
Battery+
PVt
H LTORARBEHEDMEA NI
uman power

Automatic: Low CO2
; driving: TS emission | __——"
: MNew car industries in ping ¢ ri

Mew car industry to fit

Future energy and eco-
system

|:§ Design and prototype [
of Multi-functional car

O Question:

-Can car keep a main player in future society,
judging from life (health) , energy, environment and business ?

O Basic concept

* What is a transporter superior to Hybrid, EV, and PHV ¢

*How can we s and

scle loss caused by con 3 r for trasportation 7

* Assist warming up from inside the body instead of energy consuming electric
heater to overcome a serious weak point of EV in cold are:

*Heat is a lower grade energy, since it inevitably accompa

= Multi-brid car assisted with man power

O Design concept of car innovation

es loss in conversion.

* Renewable energy

* Implementation of health care units with sensing devices and athletic
functions that can work also at emergency

*Drive with hands only and let feet free for physical training:

Add athletic room function to driving car.

Multi-brid car (MBC)

** *New concept car equipped with health care and athletic gym function.***
Why? EV has a serious weak point for deployment in cold local areas, if the air
conditioning, especially heating, is driven by the battery.
Whatis MBC? Man power is not so big (100~600 W), but it can help not only
battery charging but also warm up his body from inside.

How, who, where, and when ? Install bicyele-type electric power generator at
driver's and passengers' seats. People can work and relax as they like under
monitoring their health care sensors.

Thus, automobile can be an athl

Adit

tation tool.

ic room, in ion to t 7

Fig. 1 Bicycle type human power electric generator © 200 ~600 W Prof. Hatta @ Kochi Inst. Tech

ILFLTNABEBES 21—




OVERVIEW OF RESEARCH ACTIVITIES

Shai Cohen

Research Assistant Professor, Center for Collision Safety and Analysis College of Science

George Mason University, USA

OVERVIEW OF RESEARCH
ACTIVITIES

Ceatar lor
Callishon Satety
bl fnalysis

Ve
LiSAL

Introduction

Material Study (Metals & Composites) l\’[,i‘s"c'iﬁ

UNIVERSITY

» Development of Numerical Material Models

= Metals & Composites
= Aluminum, Titanium, Inconel, Carbon-Fiber Reinforced Polymer (CFRP)

H B

= Physical material test
= New test condition
= New specimen design

= New failure criteria
* Stress-state
» Rate dependent Tai
= Temperature dependent

Trinssbiny

Lk Agle

= New constitutive model
= LS-DYNA materials: MAT224, MAT224_GYS, MAT224_Anisotropy

£
6Sis/

Composite Crashworthiness

» Composites
= High SEA (Specific Energy Absorption) Material: Light-weight & high strength
= Application Barrier: Different material characterization from ferrous materials
» Automotive applications
= Mass Reduction to improve fuel efficiency
= Requirement: Keeping Compartment Integrity
= Demonstration of 32% weight reduction of ladder frame structure

= 2007 Chevrolet Silverado pickup truck
= Triaxial braided carbon-fiber thermoset composite

P

£ a
{4119

Failure Analysis

» Aircraft Safety
= Uncontained turbine engine failure
= Focus: Preventing Catastrophic Failure
of Fuselage

» Failure Prediction
= Turbine engine failure simulation
= Prediction of ballistic impact speed to
fuselage
= Develop advanced plasticity material model
= Ballistic impact tests & simulations

Rollover Simulation with THUMS GEORGE
MASON
“Long durations” Complex Occupant and Vehicle
s —— -  Kinematics, Interactions, Human Model
( a 6 and Injury Mechanisms ﬁ%“_“l’.‘.‘!".’ﬂ?{’
.l, Time{ ms] \; "/ &b
I'\.. w00 10 00N / ]

Complex initial
Conditions Derived
from Real World Accident

Injury Asseament £~

CESis




-
GEORGE

Oblique Frontal Impact with THOR
N

UNIVERSITY

& NHTSA Research Test
THOR Small Overlap (35%)
Oblique (15degree)
90km/h
v )
i
\
N

= Simulation
Moech ] Fomar [N]

Ve
CEShs

Animations

/EEDIIGE

UNIVERSITY

e

CCSA

/EEDIIGE

Testing Methodology Development

UNIVERSITY

Improve vehicle crash testing
Methodology

Create as near to Realistic
test conditions as possible
Advance the State of the Art
Enh the und i
of occupant injuries and
mitigation methods
Employ a combination of
proven methods

£ a
Cesis

Guided Rollover Test Device

Longitudinal Accumulation of
speed — occupants remain seated

Vehicle performance driven
initial conditions

Excellent response to vehicle CG
changes

Highly repeatable testing results
Enhance the understanding of
occupant injuries and rollover
mitigation methods

oo ) TS i

" it

TS o

T b
]

/EEDIIGE

UNIVERSITY

CCSA

/EEDRGE

Suspension System Challenges

UNIVERSITY

» The choice between solid-axle and independent suspension
has never been easy; both provide great benefits however
both also demonstrate limitations

» By incorporating one of each axle type into a single vehicle,
manufacturers have only been able to achieve average
dynamic performance characteristics

» Efforts to modernize suspension performance have
concentrated on the electronic systems — addressing the
symptoms, but not the fundamental mechanical limitation

» Current suspension design has not significantly reduced the
number of rollovers resulting in fatalities

£ a
{4{ 14

Independent Suspension

BENEFITS
# Low unsprung weight

* Traces flat or

corugated surfaces very
efficiently even at high velocities

/EEDIIGE

UNIVERSITY

LIMITATIONS

* Only one degrea of freedom per wheal

#* Lower Ramp Travel Index results translate
1o lower off-road arficulation capabilities

» Stable during high lateral

> ic systems for low
articulation and manage to stop floating
wheels from spinning but do not put them on
the ground — higher rollover propensity




Solid-Axle Suspension Misaw

UNIVERSITY

BENEFITS LIMITATIONS
# Two degrees of freedom per wheel » High unsprung weight panalty
# High Ramp Travel Index - higher articulation *  Less stable in high speed corrugated
surfaces resulting in hopping
#  Perlorms well in low heavy
applications and highly difficult off-road > Excitations are transferred from one wheel
terrain (bolder and rock crawfing) 1o the other

CCSAN

Addressing the Design Challenge Dﬁson

UNIVERSITY

WHAT IF WE...

» Redefine the mechanical design of suspension systems to
reduce an electronic compensation need

» Close the gap between solid and independent suspensions

» Enjoy the benefits of both suspension types and overcome
their fundamental mechanical design limitations

G

CCSA

The Dual-Suspension System l\'ﬁ o5

The Dual-suspension approach provides both solid-axle
suspension and independent suspension. This gives
automobiles the advantages of both systems and allows
switching between them at will (U.S patent 8,480,106).

e

CCSA

Independent-Suspension Mode M/“u oA

UNIVERSITY

The center of the suspension is locked to the chassis,
while the arms are free to move independently of each
other, as shown below.

e

CCSA

Solid-Axle Suspension Mode Massi
The center of the suspension is unlocked from the

chassis, while the arms are locked as one solid-axle,

as shown below.

Testing D‘ﬁ‘s"dﬁ

"UNIVERSITY

» Testing (1:10 scale) proved
each mode maintains its
advantages over the other

# Reliability is consistent with

single-mode suspension

-




Realizing new automobile system and related products based on university studies

Katsuto Nakatsuka

Project Director, Intelligent Cosmos Research Institute, Japan

Regional Innovation Strategy Support Program Initiated by
MEXT
Next Generation Automobiles .~ Miyagi Area

Realizing new automobile system and related
products based on university studies

Katsuto Nakatsuka®,Akira Miyamoto™,
and Fumihiko Hasegawa™

“Intelligent Cosmos Research Institute(ICR)
Miyagi Reconstruction Park({within Sony Sendai Tec.)
3-4-1, Sakuragi, Tagajyo-shi, Miyagi, 985-8589 Japan

**New Industry Hatchery Center, Tohoku University
6-6-10, Aoba, Aramaki acba-ku,Sendai 980-8579 Japan

Commitbes
Research Promation Comeitiee
E ion © Advisory Board
Publicity G
[ Intelligent Cosmos Research Institute
Institute of Disaster Science at Tohoku
P Industry
Cooperation
The 7T Bank; Sendal-city; Tohoku Bureau of Economy, Trade and industry;
(Mivagl okl
mmuun-mmmlmmmmm 2
pieny i AT Cooperation with other regions

in Tohoku District headed by
Tohaly Immnm@lnli' Iwate Pref.
Universities & Colleges. and Tohoku Center of Nabional Institute of Advanced

Industrial Science and Technology, ate.

Test/Analysis

Next generation automobile

bile is a

F of ies and equif
basically 10 functi provid d. . Those are; generator, transmission, drive
units, directi convertor, brakii heeli body structure, windows,
meters and lamp light. Every aqulpmant has been state-of-art product in
its era, and improvement of them is still continuing..

On the other hand, the ct of global subject in human

recently actualized. Those are:

1. Population. The world popul is rapidly increasing in growing
country, and developed country is facing aging society. Japan is
already rultm-agmg soclety J. wham the number over 65 year old

121% of The ber of bile driver is
decreasing in Japan.

2. Energy resources. Supply-demand balance for oil seems tilting toward
the oil shortage. Is there a need that the present automobile divides its
role to electric car , if posslhle ?

3 A of aging y. Japan gs to “ultra-aging
so:lety" In order to allavlats the stagnation by aged people, the use of
personal electric car which makes aged people be possible to move
free will be useful . They will join to some social activities they hope,
and this will be effective, because their long experience and knowledge
is still important.

has
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ISHINOMAKI HARBOR

Photo, March 28, 2012

YURIAGE PORT

Record of Tsunami by earthquake in north-east Japan
along Pacific Ocean (Magnitude >>8.0)

Name of Tsunami

July. 13,869(AC)  Jyogan

Dec. 2, 1611 Keichou -Saniku  M8.1 742
Feb. 17,1793 Miyagi offing M8.0~84 182
June. 15,1896 Meiji-Sanriku M8.25 103
March. 3,1933  Sanriku M8.1 ar
March. 11,2011 East Japan Mo.0 78

BIG EARTHQUAKE (INDUCED TSUNAMI) in TOHOKU AREA, JAPAN

Basic principle of restoration from tsunami damage
suggested by Prefectural governor

. The industries which must inevitably operate seaside are rebuilt at the
former place.

. G ] Areal ial facilities, Educational facilities for
children, Hospital, Resort facilities for aged people should be arranged
on the hill or hillside.

. Forcor ding to the dictable t i, the to

from seaside to the hill or hillside should be designed.

. The i and methods are decided by icipalities.

Electric car for personal mobility

Feature
Small size ,
Light weight{less than 300Kg)
Simple operation control
Small driving cost{less than 1.3 of gasoline)

Weakness
Limited continuous distance(~50 km)
Long charging time(being improved)

Significance in application
Pr tary function for helping public port, such as bus, subway,
and trains. (Efficiency improvement of social infrastructure)
ONew sy to the at ffected areas.

Offer of new transportation to support the industry activities at seaboard.
OEnsuring elderly activities and health by offering new personal mobility.

The impact of this project
Applicable to many cases at worldwide regi pecially for alleviating
stagnation by aging in i t iety

ly- aging ¥




Industry-Academia Collaboration

Toshio Kato

Regional Cooperation Coodinator, Intelligent Cosmos Research Institute, Japan

“Global/Local | for Next G jon A biles”

General Lecture

Industry-Academia

Collaboration

Toshio Kato

Regional Cooperation Coordinator
Next A biles-Miyagi Pref

Intefligent Cosmos Research Institute
t-hatoBicr-eq.co.jp

One of 3 Primary Projects under Next Generation Automobiles-Miyagi Prefecture
“Building-up Network of Knowledge”

) Co
Coordinator B

Coordinator A p—

— &=

Consor-
tium

HE

spaan Auedwod

Oct. 8-10, 2014

ations be

For “Local Innovation,” collaborations between Regional
Companies and Univ. Labs. are of essence.
In Miyagi pref.,
T.U. is one of Japan’s most leading Univs.
« Highly advanced, leading-edge “science &
technology” I

Many of Regional Companies are small-mid sized.
« Facing with day-to-day technological problems
« Need easy-to-practice, feasible techniques

| Big gap between them

Oct. 8-10, 2014

Lack of communication

= Regional Companies do not know how to
communicate with Univ. Labs.

« Regional Companies are wondering if Univ. Labs. have
technologies that will help them.

« Because of their scientific level, Regional Companies
are hesitant about knocking on Univ. Lab.'s doors.

Profs. are too busy.
+ Univ. Lab.’s doors are always open but:-.

« Profs, are ready to welcome Regional Companies’
visits but--.

« Profs. are prepared to help Regional Companies but-.

Oct. 8-10, 2014

Thus,

= Regional Companies do not need to hesitate to knock
on Univ. Lab.’s doors.

= Because Profs. are busy, Regional Companies should
think of sending their employees to Univ. Labs. to
develop necessary technology with help of Profs.

Further,
« Regional Companies should appeal their unique
technology to Univ. Labs.

« Jointly find-out areas for possible collaborative works

Oct. 8-10, 2014

Reduction drive system having magnetic
planetary-gear mechanism

« Electro-magnetic brake

« Electro-magnetic clutch

All solid Li-battery

« Hot-chamber die-casting machine

= Fine processing of die and mold

= Tools for CFRP processing

« Burr-less processing

etc.

Oct. 8-10, 2014




Materials for the Next Generation Automobile

Yasutaka IGUCHI

Chairman, Board at Miyagi Organization for Industry Promotion, Japan

Miyagi Organization for Industry Promotion

Target of Development of the Car

High Fuel Efficiency, High Mileage
Light Weight—Aluminum ,Magnesium, Titanium
Carbon fiber reinforced plastics
‘Safety to Collision
!
Super High tensile Strength Steel
Catalyst for Exhaust Gas
Workability of Corrosion Resistant Steel

HSS for brake disks and rims
(5900P. 780)

The share of mixed constructions
will increase in the future

Multi-Material-Design




Fuel Cell Car:
Ultimate Candidate of Next Generation Automobile

Development of
Conversion of Hydrocarbon to Hydrogen

FREERERBNE, RAOPIERENEHRLLECHTERBNALT, SBUXEAZa—

THRADEFEVESETIMERET,
FHIE IR fﬁlﬁ!h THFHAM. -Eh‘EM‘H*?!!:!mEWA‘IPf HHOAT—
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Catalyst and Removal of Carbon Dioxide e __
Materials for Hydrogen Cylinder

Lithium Ion Battery """. —_—

High Efficient Motor m.--.u;«a.;
Permanent Magnet e :;::::-
Silicon-Steel (Electro-magnetic Steel) — g

Price, Mass Production ?%Esfézg b me 7:::'.:'




Case Study Oversea Business Automobile Sector (case of Malaysia)

KOUADIO Shima IEKI

President, Kidskingdom International Inc., Japan

Case Study Oversea Business Automobile Sector
(case of Malaysia]

Kidskingdom Internatioal inc. w
President KOUADIO Shima IEKI

In Malaysia, there are two domestic automobile makers: Proton and Perdoua.

[Before cars are completed, there is a close technological and financial collaboration
between the Malaysian car makers and their Japanese counterparts as well as the varfous auto
How, they are taking on a new challenge: to create more marketable cars.

10 years Approximately 20 years Current Situation

Approximately
since 19831993~ since establishment.

The Malaysian automobile market is Mnluluﬂumlhe.lapelﬂe car makers’
30 Malaysia and other ASEAN countries have high for the next

. The Malaysian auto parts industry does not have strong affiliate connections, ¥
50 auto parts makers have the opportunity to trade with many makers to increase share

The auto parts. d quality are growing,
50 they they can create the next dly d
with Japanese companies.

Malaysia fs the enly country in ASEAN to develop the domestic car industry with success,
The success is partly due to Japan’s automobile and auto part makers” support in Malaysia.

9 K2

Faxso [ AGA MYVI_ (JAPANESE name 13 TOYOTA Passo)

Since

Feature | The Malaysian government supported the creation of the | DAMATSU And UWW{Share holders are DABATSU and TOYOTA, etc),
first. domestic car maker. MITSUBISHI Motors and a Malaysian company, supported the creation of secondary
MITSUBISHI Corporation gave technical and financlal mahers. echnical and
support. financial support.

D

Establishment of business :
The Japanese ibil hnology contribution to the Malaysi ibile industry

Proton and Perodua were created by Japanese car makers.

Mt " at
[Look East Policy | December 1982

Mwmﬂnﬁm.lmmmw
1991 Promotion of new national policies
to thrust the country into the
 industrial age
1993 Establishment of Perodua Co.
Business ties with Dafhatsu

1997 wmmmm
1999  Malaysia Grand Prix, F1

o

Growth period @
The Domestic market is decreasing.
Major turning point for the Malaysian Automobile sector.

r Proton Co. 6 0% Shares
2005  Ethnic tensions Proton Co, 3 0% Shares

Proton Co, focuses on overseas businesses

2006 Perodua Co. becomnes the industry leader
2009 Former Prime MiisterOr. Mahathic e
office ST i e Imported cars are becoming
the Lehman Shock P
2014 Former Prime Minister Or. Mah the
post of Chairman of Proton Co.

o

After the year 2000, the market share changes drastically.
Japan’s main automakers, Toyota, Honda and Nissan are expanding together with Malaysia

Automobile sales in Malaysia (Unit)
250,000

150,000
100,000

50,000

19T 1998 1999 2000 2001 2002 2000 2008 2009 2000 1ond
~~PROTON ~—PERODUA — TOYOTA ——HONDA —MISSAN —HNon Hational

w03




Supplier Distribution in Malaysia.
HNumber of multi National companies.

MATMEK Co. s a small-scale precision metal mold maker. It supplies to various industries, has
of QCD, and the company receives many requests from Japanese corporations in Malaysia.

Co.’s core of multi lateral industries
The automobile mwﬂm!ﬂdhwﬁlm the Tohaku Area follows a similar

A group of 4 companies: NIPPON Antenna, MURAKAMI KAIMEIDO, ICHIKD, MITSUI Kinzoku,
cooperated to create a joint venture. They later became independent companies and
DELLOYD Ltd, is a member of Proton Vendors Association (PVA) and a Proton supplier.
DELLOYD CEO Mr. AZMI is the current president of PVA.

Company Hame  DELLOYD Venture Ltd.  (Since 1981)
Business Profile  Auto Parts manufactire :

Proceeds

J

mmmwwmm
: -vQCD (Cuality, Cost Delivery)
IS (Murl, Mura, Muda = ! regul ! 5
= KAIZEN (Impraving}
Ancc IQBM' Control Cycle]

g;gaazigifl

\

I8

I
f
§
I
[

Mr. HAYASHI Kunihiko
MZDID.WSAMM}!{WWW IWMUMLWSBM Mr. MATSUSHITA  Kouichi

Prof. OTAKI Sefichi

of Japan to further strengthen its in the PUGI in interor
The technical collaboration is not a start up business, but aims atuutllqaudded-amelin

‘W54 Group started supplying to PERODUA first, then to PROTON and
= PVA - The Journey Continues 2013,
Company WEA; Ll later to Japanese and other international makers. The market is in

R e eecalin st ey e e - The Development of the Automobile Industry and the Road Ahead. (Mohd. Uzir
affiliates. of

Destgn,
range of auto parts.

¥). 2004 Dep

- Press Conference Market Review 2011-2014. Mal
< http:/ /www.proton,.com/
= http:/ /www.perodua.com.my/
= http:/ /www.matomek.com/
http:/ fwww.delloyd.com/
http:/ fwww.ichikoh.com/
http: / fwww.wsacim.com/

£ Iwww,

jprotonvendors.com/
http.!.'lscinb «com.my/about.asp

-tliflllflil
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An Image Recognition Processor using Phase-Only Correlation Algorithm

Naoto Miyamoto

Associate Professor, New Industry Creation Hatchery Center, Tohoku University, Japan

An Image Recognition
Processor using
Phase-Only Correlation
Algorithm

*Naoto Miyamoto, Koji Kotani*,
Kazuyuki Maruo™* and Tadahiro Ohmi

*New Industry Creation Hatchery Center (NICHe),

An example of POC result

Algorithm Transformation to

Obtain Best Performance
1. Fill data

Y ET
Memory

3. Flush data

i

Arithmetic Logic _
Unit (ALU) orrelation

> IFFT

2. Execute a series
of processings

Before Transformation
2D-FFT —

Il row direction

for (i i<N; i++4)
N-point 1D-FFT
for (j=0; j<N; j++)
(A) N-point 1D-FFT [/ column direction
for (k=0; k<N;: k++)
(B) Phase
for (1=0; 1<N; 1l++)
(C) Correlation

2D-IFFT —

Il row direction

for (i=0; i<N; i++)
N-point 1D-IFFT

Eor (=0 SN it
(D) N-point 1D-IFFT [/ column direction

After Transformation
for (i=0; i<N; i++)
N-point 1D-FFT [/ row direction

for (J=0: S=<N; j4++) {
Il pack all processings along column direction

(A)

(B)

(C)

(D)
}

for (i=0;

N-point 1D-FFT using DIT butterfly
Phase

Correlation

N-point 1D-IFFT using DIF butterfly

i<N; it+)

N-point 1D-IFFT // row direction

Problem on FFT / IFFT Dataflow

X(7)
Natural
order

Decimation-In-Time (DIT)
radix-8 BEU




Problem on FFT / IFFT Dataflow

Fill Natural Flush

data order

Phase Correlation

using DIT-BEU using DIT-BEU

Solution

X(
Natural
order

Solution

Fill Natural Natural
LETE] order

. FET Phase Correlation
using DIT-BEU

IFFT

using -BEU

Image Recognition Processor
using POC Algorithm

AN iyt
FLEA WHLERY

Data SRAM

trr e

FEEPE R AR AR,

512 x 512 pixels
W A L et

4.9mm

Cinderella II

0.35um

2000k

Conclusion

» An image recognition processor was proposed,
which can execute 512x512 pixels POC in
105.2msec at 310.9mW in 3.7x3.7mm?

The original POC algorithm was transformed to
obtain the best performance, where all
processings from 1D-FFT to 1D-IFFT are packed
together so that the number of main memory
access is minimized.

By using the algorithm transformation, power
consumption of the processor was reduced to
1/10 as compared to the conventional one.




Multiscale Multiphysics Computational Chemistry Approach for

Global/Local Innovation for Next Generation Automobiles

Nozomu Hatakeyama

Associate Professor, New Industry Creation Hatchery Center, Tohoku University, Japan

Multiscale Multiphysics Computational Chemistry
Approach for Global/Local Innovation for Next
Generation Automobiles

Nozomu Hatakeyama, Ryuji Miura, Al Suzuki, Akira Miyamoto

New Industry Creation Hatchery Center(MCHe),
Tohoku University

Ski Wax Tribology: Multiscale, Multiphysics Phenomena

Total friction between snow and a slider
Mtota™ uplow+ udry+ uwet+ pcap+ Mdirt

(Colbeck, 1992)

Tribochemical Reactions & Electric Effects

Macroscopic Simulation of Ski Wax Tribology based on
Mesoscopic Modeling of Slider and Snow Surfaces

Moving Surface

7 sole (palyethylene, earban)

coefficientof friction ||

anow

Fixed Surface

Initinl Surface After Endurance

SEM Observation of Various Materials

Experiment-Integrated Computational Chemistry

TEM Simulator

+ SEM Simulator
-

SFG Simulator

Cvpompatce n om m m

Neutron Diffraction
Simulator

B et N, 8
EXAFS Simulator
o IR/Raman Simulator
‘ E(.. = UV-Vis Spectroscopy
e b ] L] WO W s‘

ik

Realistic modeling = Reliable simulation based on quantum theory

X-ray CT Observation of Ski Sole
(Carbon-Containing Polyethylene)




Wax Penetration Simulation
(Kinetic Monte Carlo Method)

Polyethylene Polycrystalline Model Movement of Wax Particle

L -

Wax penetrates into sole
surface at a depth of 100-
200pm by simulation

TOKO WAX & TUNING MANUAL

Wax worked into the base Deep penetration of wax into the base
(Optical photograph of colored wax?)

Penetration depth of wax to running surface corresponds to our result




Concrete sustainability - Application to road pavements -

Patrick A. Bonnaud

Researcher, New Industry Creation Hatchery Center, Tohoku University, Japan

Concrete sustainability
Application to road pavements

Patrick A. Bonnaud?, Krystyn J. Van Vliet?, Akira Miyamoto?!

INew Industry Creation Hatchery Center - Tohoku University —
Sendai, Japan
!Department of Materials Science & Engineering - MIT,
Cambridge, MA, USA

October 8%, 2014
by TR ORY @iCIHiE

Sustainable transportation system

Key challenge: enhance the vehicles’ fuel economy

Car makers:

1. Fuel efficiency of engines
2, Tires

3. Suspension systems

+ reduction of car weight

Another strategy:

Reduce emissions due to
pavement-vehicle  interactions
(PVIs) by optimizing pavement
design and materials properties

Pt fveifflegi com

e Sl oy eiiCrie

PVI main factors on fuel consumption

Macro-roughness

Road-fo‘ughness Road deflection
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Concrete Asphalt = PVI: Pavernent-Vehicle Interaction
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#1 pavement problem in cold regions

Freeze-thaw cycles affect the road-roughness

Internal cracks (ice-water phase transition in pores)
Loss of mechanical properties

Scaling (deicer salts) -
Degradation of concrete surface layer

D-cracking (saturation  of  concrete by
accumulation of water under the
pavement) -

Frost heave (Soll saturation by water)

What are the damage mechanisms and how to handle it?
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Cement: the glue in concrete

An heterogeneous material

Mesostructure (2-100nm)
ible of A s

Aggregated
Particle

¥
Stacking of C-S-H layers (1)

Blue:  Liquid water Pink:  Portlandite
Wellow: C-5-H Purple: Cement powder

Ca imanalayer

Silica chains

Calcium Silicate Hydrates (C-S-H)
Most abundant | binding phase | multi-
scale porosity | stoichiometry
characterized by Ca/Si

Ca mtevlayer

Water

(1) Manzano et al.. Physico Status Salidi () 204 (2007) 17751780

'y TOHOKU @ iNCHrie

Water freezing in C-S-H

Non-air-entrained pastes (water saturated porosity)

Swelling

Freezing
Homogeneous
nucleation

bt

Water
Expansion ~9%
Pore pressure
{Py > 0) increases

B uiquid water B csH lce —> Expelled water

P = f(rate of water flow, distance between pores, nearest escape surface, permeability)
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Water freezing in C-S-H

Air-entrained pastes (inclusion of air voids)

Freezing

Problem statement

What's the origin of the disruptive pore pressure in the
smallest nanopores upon freezing?

Homogeneous How to quantify it?
fudeation Molecular simulations between two C-5-H particles
@ Open porosity (exchange of water with
lce formation in ’ a reservoir)
air voids Effect of water densification
Pore pressure {hydraulic pressure)
Py<0 \
B Liquid water B cs+ Closed porosity (fixed amount of water)
Air voids strongly reduce the effect of the hy fer p m‘;;:;:‘:g::g:rﬂs
Improve concrete resistance, but don’t stop its deterioration! R. J.-M. Pelleng et al., PNAS 106 (2009) 16102,
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Pressure in a C-S-H nanopore Summary
Bulk liquid-gas transition (reference state) Bulk melting temperature
60— ! : . * Road pavement design and materials
: ke 3 properties play a role on fuel consumption of
401 : . .
< i the overall transportation system
5 - — Closed porosity .
] :1‘20* — Openedporosity * Frost damages is the #1 problem for road
o . .
5 o F pavement in cold regions
W Freezing * Molecular scale simulations are valuable tools
" n n 3 . i to improve concrete properties in such
«— warmer 10007 K] colder —» extreme conditions
Water densification increases significantly the pore pressure (up to ~50%)
Crystallization forces barely affect the magnitude of the pore pressure
% TOHOKU @ iiCirie o Bl YlCrie
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Innovations for Next Generation Automobiles: Contribution of tribology
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Innovations for Next Generation Automobiles:
Contribution of tribology

Dr. Sophia Berkani
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Car evolutions over the years

~ comfort

 Efficiency

™
Latest trend
Downsizing
Tribology
+ Science and ing of i g
fatigue testing surfaces in relative motion.
2Develop High
performance experiment
to improve the understanding
Reduce size while maintaining the power of friction, lubrication and wear. = 3
Reduce engine size: - ;_g_!h‘-'ﬁtu%(-»i_hm_.
reduce the consumption of cars : 3 X
> reduce pollution emissions » Tribological ) )
y 2 challenges
. - M
Tribological study
Tribo-simulation
A
Experimental work

Real time scale

Mesoscale
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Simulation of Stribeck curve using PAOE
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Next Generation Vehicle Self-Drive Control Concepts and Safety Requirements:
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Next Generation Vehicle
Self-Drive Control Concepts and
Safety Requirements:

A Research Plan
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Thomas Behling

Which Type of Self-Drive Vehicle
Control Makes Sense, and Why?

= Autonomous

* Vehicle-to-Vehicle Cooperation

* Road Infrastructure-to-Vehicle Remote Control
* Human control

= Blend of capabilities

KEY ISSUES To RESOLVE:

1. Transition from few to many Self-Drive Vehicles
2. Self-Drive performance and safety standards

First, A Bit of History
Milwaukee Sentinel
Wednesday, December 8, 1926

§j PHANTOM AUTO WILL TOUR

% “Driverless, it will
Z start its own motor,
,’; throw in its clutch,
‘ twist its steering
| |}| wheel, and toot its
70i// )] horn..the “master
\ \\' mind” that will guide
\ the machine will be a
» radio set in a car

Recent History

* 1960's — Ohio State University launches autonomous vehicle
project--states roads will be ready in 15 years.

+ 1980's - DARPA funds Autonomous-Land-Vehicle project
using technologies from Carnegie Mellon University (CMU)
and University of Michigan. Used laser radar and computer
vision--driverless vehicle trailed lead car at 19 mph.

* 1995 - CMU develops “No Hands Across America” project—a
98.2% autonomous vehicle traversed 3,100 miles. Neural
networking used to steer the vehicle, however, throttle and
brake were operated by a human via remote control.

Impact of DARPA Grand Challenges:
Impetus for Self-Drive Vehicles
Held in 2004, 2005, 2007
2005: Google, Volkswagen, and Stanford
Engineers win 132 mile race with “Stanley”
= 2007: Carnegie
Mellon University
and General
Motors win 60
mile urban race
with “Boss”

Congressional Hearings on Self-
Drive Automobiles

June 24, 2014: WASHINGTON - Transportation and
Infrastructure Committee Chairman Bill Shuster (R-
PA) welcomed Carnegie Mellon University and its
self-drive vehicle for demonstrations

Shuster: “Autonomous vehicles ... have significant
potential to increase transportation safety and
efficiency. The future of transportation is coming
quickly, and it’s important to provide policymakers
with ... better understanding of these kinds of
innovations.”
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Autonomous Control

» Typical strategy is “sense-plan-act”
* Must deal with environment that includes :

— Other vehicles on the road, each of which operates
dynamically and independently

— Other road users or on-road obstacles, such as
pedestrians, cyclists, wildlife, and debris

— Weather conditions, from sunny days to severe storms
— Infrastructure conditions, including construction

— Rough roads, poorly marked roads, and detours

— Traffic events, such as congestion or crashes.

How does it work?

* Google Car Example:

— Velodyne 64 beam laser,
mounted of roof, generates
a 3-D map of environment.

— 4 radars mounted on the
front and rear bumpers to
navigate through high
speed traffic.

— Camera located onrear |
view mirror dedicated to "%
reading traffic lights. *

— GPS

Google Car Concept of Operation

The Google car goes through six steps to make
each decision on the road.

1. Locates itself with GPS and special maps
embedded with detailed data the roadway.
The value of maps was a key insight that
emerged from the DARPA challenges. Maps
are key—they give car a baseline
expectation of its environment

Source The First Look ot How Google's Self-Driving Car Handles City Streets , Eric Jaffe in Citylob, 28 April 2014,

Biehling

Google Car Concept of Operation,
Continued

2. Next the car’s sensors collect data on moving objects.

3. Datais interpreted as actual objects that might have
an impact on the car's route — other cars,
pedestrians, cyclists, etc. — and to estimate their
size, speed, and trajectory.

4. Interpreted data enters a probabilistic prediction
model that considers what these objects have been

doing and estimates what they will do next.

5. Car software weighs those predictions against its own
speed and trajectory and plans its next move.

6. The final step: turning the wheel, and braking or
accelerating

Source The First Look at How Google's Self-Driving Car Handles City Streets , Eric Jaffe in Citylab, 28 April 2014,

US Department of Transportation
Perspectives:

Vehicle to Vehicle and Vehicle to
Infrastructure

History of VTV and VTI

* Part of U.S. Department of Transportation's
"Intelligent Transportation Systems” begun 1991

* Early concepts called for dedicated traffic lanes

* October 1999, the FCC allocated 75 megahertz of
spectrum (5.850-5.925 GHz ) for transportation
services to improve highway safety and efficiency
(Direct Short Range Communications)

« DSRC systems are being designed to provide short
range, wireless link to transfer information between
vehicles and roadside systems and other vehicles.

sehling 12
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Connected Vehicle Reference

Implementation Architecture
[ Connectivity Between Vehicles and Central Operations Center |

‘v
3 @
E-paymaent -~ [ Network”  +——

Transactions

VIV Safery
L

¥ Real Time Network Data
Situation Relsvant Information

Infrastructare
Commimications.

Virginia Connected Vehicle Test Bed
in Northern Virginia

i

August 2012: DOT
launched Safety Pilot
"model deployment" in
Ann Arbor, Michigan
3,000 vehicles deployed
with V2V technology—
demonstrated feasibility
Issues: security, liability,
privacy, communication
congestion, consumer
acceptance

Examples of Connected Vehicle
Applications

Safety Applications Mobility and Evacuation
vav Applications
« Forward Collision Warning « Intelligent Network Flow
+ Emergency Electronic Brake Light Optimization

* Blind Spot Warning *  Emergency Communication,
*  Left Turn Across Path Staging and Evacuation
v2i = Variable Speed Limits for Traffic in

Bad Weather
= Motorist Advisories and Warnings
* Information and Routing Support
for Evacuation and Emergency
Responders

+ Red Light Violation Warning
= Curve Speed Warning

+ Stop Sign Violation

+ Pedestrian Warning

VTl Intersection Management:
Example with No Assists

P. Stane, C. Au, M. Hausknecht,
Autonamous Intersection
Management Project, Al Laboratory,
Department of Computer Sciences,
University of Texas at Austin

With VTI Management: Crossings
Reserved via Intersection Manager

P. Stone, C. Au, M. Hausknecht,
Autonomous Intersection
Management Project, Al Laboratory,

Department omputer Sciences,
University of Texas at Austin
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Transition Issue: Vehicles Are
Differently Equipped

= Cars “A” and “B” approach intersection
* You are passenger in Car A, which is self-drive
* What is the protocol for Car B?

CarB Car B has
systems OK system fault

Driver in
Car

Driverless  Driverless traffic
rules

Some Observations on
Safety Standards

Self-Drive Could Reduce Vehicle
Accidents, Especially Driver Induced

Driver
Roadway
Vehicle\._
Causes of accidents—
area corresponds to
frequency of occurrence

K. Rumar, 1985, cited by Harry Lum and Jerry A, Reagan in " ighway Safety Design Model.
o\ot?d-ﬁhldcth! Module, Public Roads Mignhltlwlnnr 1995}

But Self-Drive Control Systems
Must Deal with the Unexpected

* Control must be robust for individual vehicle
and for cooperating vehicles

* Single Vehicle example: if a ball were to roll
into the path of a vehicle, a driver would
expect that a child could follow. Car based
sensors and algorithms need to anticipate
this event

* Many other examples

Real Example From Home:
Pedestnan Crosses Agamst Traffic

Real Example From Home:
Pedestrian Pauses in Median Strip

Tennis Churs 4

'_-

=N

Patterns of Behavior Vary
According to Location, Time
of Day, Day of Week, Etc
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Self-Drive Vehicles Will Face Higher
Safety Standards

+ Self-Drive can reduce human-caused crashes,
especially fatalities

* But today’s overall crash rates are already low

* In US, one crash (non-fatal) per 500,000 vehicle
miles traveled (VMT)

* Google car has logged 700,000 accident-free miles
(as of April 2014)

* Goal: much better than one crash per MVMT

In US, 3 Trillion Vehicle Miles Traveled per year results in nearly & Million accidents.
Compiled from US National Highway Traffic Safety Administration reports (Nov and
Dec 2013)

9/15/2014 Thamas Behling

How to Assess Control Concepts and
Develop Transition Plan

Start with customer/driver needs, e.g.,:

* Reduce time driver is engaged in commuting (car acts
like a train, giving driver time for other tasks)

» Add new functionality: operate car autonomously to
pick up and deliver passengers

* Reduction in fatal and non-fatal crashes
Issues to be Worked
* How to measure effectiveness of control concepts?

* Can performance be improved by using patterns of
driver behavior at detailed level?

9/15/2014 Thamas Behling %

Some First Steps

1. Assess utility of existing traffic models and data sets for
applicability to key driver needs discussed above, e.g., do
the models work only for freeway traffic? Can they handle
dense urban traffic with pedestrians?

2. Prepare plan for data gathering and model development
* Break down exemplar needs into journey segments
* Enhance existing data sets with data on traffic

patterns in city neighborhoods gathered via
automated means

3. Build data set of traffic behavior on an intersection-by-
intersection and journey-segment basis, keyed to detailed
maps

LINK TO VEHICLE VIDEO

Vehicle Movement Automatically Registered
by Time, Location, Direction, Speed

Some First Steps

4. Use driver/pedestrian behavior data to create taxonomy
and scripts for specific patterns of self-drive/driver and
self-drive/pedestrian interactions (e.g., urban traffic
behavior at intersections with traffic lights and heavy rain).

5. Develop standard set of reference scenarios based on
combinations of scripts to assess vehicle interactions, V2V
and 12V communication needs, safety, reliability, and
resilience under adverse conditions

6. Assess effectiveness of vehicle control systems (self-drive
with/without V2V or 12V coordination) for different on-road
mixes of self-drive/driver vehicles

7. Develop crash rate data for reference scenarios for
different mixes of human and self-drive vehicles

9/15/2014 Thamas Behling

Final Thought: A Key Enabler for
Transitioning to Self-Drive Vehicles
* Highly detailed, local maps of roadways are a
key component of self-drive capabilities.

* In same manner, detailed scripts of driver and
pedestrian behavior must be developed and
keyed to specific locations.

* This gives self-drive car “expectation” of both
the road environment and the likely actions of
other moving objects

Thamas Behling 30
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What determines the future?

- innovation, agglomeration and institutions -

Masato Hisatake

Visiting Professor, New Industry Creation Hatchery Center, Tohoku University, Japan

What determines the future?
- innovation, agglomeration and institutions -

Insititutuion & Aglemerations

* Ecosysytem

* Positive cycle s} Innovation

.Google

Tesla
®1opie

Anything
related to

Masato Hisatake ® . nford innovation
Terman
Oct. 20
= HP

/

Innovation = Co-Creation

i, ; 1PO! Collaboration with Commitment
Commitment
—_—
| Later rounds
. Early rounds Coordination
_—p:
— Angel, Collaboration
Just idea Crowdfunding
High — level of uncertainty — Low

Cambridge model
bottom-up, largely unplanned

* “Constructive chaos —there is no one group that ‘organizes’
Cambridge. New initiatives are continuously springing up -
some succeed and some fail.

* This may be perceived as inefficient, but does resultin a
highly entrepreneurial environment.” (Cambridge
TechnopoleReport (2008), p5)

* Torealize an innovative culture is also another innovation.
(designed and/or evolved)

. Varcilous initiatives are awaited, including further empirical
study.
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Exploit Explore

In Japan, In big firms: Exploit > Explore

What are needed?
Spanner vs. Broker
Connecter vs. Catalyst




Global EV Platform in Jeju

Jae Chan Park
Secretary General, IEVE Organizing Committee

Global EV Platform in
Jeju

Location and Environment of Jeju

=g
Brve

[ Jeju Special Self-Govering Province ]

[ Popolason ; 604,000

[V w1845 b
i Atitude ; 1.850m (ML

Halla)
Froad Alttude : Highest 1,100m

¥ viitons - 10,850,000 (A of lake December 2013)
1! Termperature : Avg 157 °C {Highes! 34 BiLoweat 147 |

=Ty
EV Platform Condition in Jeju Bree
% s Oy The Optimum Place to locate EV Platform

Soif-Governing Province
Froe International City i Gujwa Smart Grid
Test-Bed Infrastructure

I New 7 Wonders of Nature
World’s Only 3 UNESCO Certifi
- Warld Hatural Hetitage | Werld Docpars Sy

o Tlg 15t Intl Electric Vehicle Expo

od: Mar 1521, 2014
12 Million of Annual Visitors

- Cian Touriem Destnation

[+ Abundant Green Energy Resources
Gevan Growth Education Ste

= Wind Power and Solar Pewar

Dt Carber: Fone b

g

! Carbon Free Island Jeju by 2030 1.4

=i

¥

Vision: Global Green Growth City with Clean Environment and Cutting-Edge Technology
-

~
+»Sustainable Carbon Free Island

Carbon Free Island (2030) ]
+ Global Green Growth City Consuming Mo Foss Fusts

Carbaon Free Island Infrastructure (2020)
+ Hew Renewable Energy(S0%), Smant Gid, EV Services

+ Gapada Carbon Free island, WCC Tour Program

Carbon Free lsland Test Bad (2012) ]

=T
W Garbon Froe Island Jeju by 2030 14 2o’

Constructing Smart Grid City in Entire Jeju Region

i¥  Construct and Operals Smart Grid Test-bed by 2013
hd

Expansion of Smart Grid by 2017

[W  Construct Smart Grid City in Entire Jeju Region by 2020

=g
W Carbion Free sfand Jeju by 2030 4 f Zaid

° Distribution of Electric Vehicles upto 100%

(v Public Saciorby 2017 = 10% swilch (Accumulated to 23,000)

M \Pubiic Transportation by 2020 = 30% swilch {Accumulated 1o 94,000)

™ Private Viehicles by 2030 = 100% switch (Accumulsted to 371,000)
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! Carbon Free Island Jeju by 2030

Switch of Electric Power to

Renewable Energy

¥ Develop a Total of 1GW Offshore Wind Power by 2019

4

Develop a Total of 2GW Offshore Wind Power by 2030

mOnshore Wind Power 3500, Sunlight 1000

! Gapado Carbon Free Island

World First Carbon Free Island Test-Bed

W Lecasion: of Jeju {Bkm from

[ Poputation : 281 (135 households)
[ Project Overview
W Period : Moy 20110
W Electric Power - 1

[ Avea : 0,873 (4 largest amang Jeju anexed indands)

! Gujwa Smart Grid Test Bed y

=Ty

Brve

[V Area : Gupwa-aup, Jeju (Northeastern Region of Jeju)

¥ Scale : 5 sections / 2 substations / 4 distibution knes / 3,000 houses

I+ Period : Dec 2009 - May 2013 (42 months)
I Basic Stage- Dec 2006 ~ May 2011 - G
W Extended Stage

F 120 168 C

o4

™ Budget | KRW 248 5 billon
ot 729 B{ION) KEPCO 209 B{1D%) Pr

€35 10EpCco Sll(.. pos
S« ou Kt

! EV & Charging Infrastructure Status in Jeju

i

| Dec 2013 " Agr 044 " Dec 2014 I

Ce) =) =

Eesl )=

Charger Distribution Status in Jeju (As of April
T

S -

Lo
AR

! Jeju Electric Vehicle Service _J'

==
Erre

[ The Fist Private EV Charging Infra Consortium in Korea

Joju Edpctric Vehicke Service Consortium

(e
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! |EVE2014 y

The 1* international Electric Vehicle Expo
[ Thema: EV powersd by wind

[ Period : Mar 15(Sal) ~ 21[F#0), 2004 [ 7 dupa |
[ Voewss - Jeju Imeenational Convention Center (ICC Jej)
[+ Scala:
W Eshibibion : 6,591 1/ 220 bocths
ici 0 EV Marsfactorers and Related Indusiries
1 Vistors 1 47 000 man-days

Organized by Broadeasind by

Fo vvamea v Oses aes @3
Haosted by Supported by
@ e sdwnay w FUR ey G sz or W

o M e S Ve e o s eme——
Participated by

A mne— m—— oy 4 ——
A e poavem () rssan S [0 B T I -
s i s RSO A e
wImw Serre e

==l

" The fst international Electrc Vehicle Expo ) Exro

|EVE Brand as Global * EV MICE "

[ Exhibition | [ Conference |
& . T - i,
I nissan | [ CHEEEET
phn D
2 R R | orerr—

{3 mia

KIA MOTORS  FHEVROLET

2 N

I Title : The 2 Intemational Electric Vehicle Expo
¥ Period : Mar 06(Fri) ~ 15(Sun), 2015 [ 10days ]
[ Venue : Jeju International Convention Center (ICC Jeju)

Howled by

Organtznd by

N Y
“

Carbon Free Island Jeju ¥
by 2030
Global EV Platform in Jeju

THANK YOU

“
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